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EXECUTIVE SUMMARY 


 


The Auckland Engineering Lifelines Group (AELG) has undertaken a series of projects which have 


summarised available information on the physical damage caused by volcanic ash to Auckland’s 


infrastructure and identified possible physical mitigation measures. 


This report completes the series and looks at the impacts of volcanic ash on electricity distribution 


systems, broadcasting and communication networks.  


The focus of this report has been a review of literature as well as accounts from historical eruptions 


and preliminary results from laboratory testing. The focus has been on identifying the physical 


damage to different network components (including disruption to signal transmission in the case of 


the broadcasting and communication networks) and less on indirect or downstream effects such as 


cellular network overloading. The information summarised has been presented in a format which 


updates damage and ash mitigation tables presented in earlier AELG reports (AELG, 1997). 


 


Key findings 


 


Conditions creating ashfall hazards 
 


Light misty rain combined with large volumes of fine grained ash is considered the most hazardous 


combination for electricity distribution, communications and broadcasting infrastructure.  Light rain 


will not wash ash from components but will greatly increase electrical conductivity potentially 


leading to arcing and flashover.   


 


A phreatomagmatic eruption from the Auckland Volcanic Field is considered to be the most likely 


source of large volumes of fine grained (and potentially wet) ash to affect infrastructure in Auckland. 


Such an event has been estimated to have a 5% probability of occurring within a 50 year time period. 


 


The most likely ashfall event (with a 15-65% probability within a 50 year time period) is one from 


one of the cone volcanoes further south (e.g. Ruapehu, Taranaki).  While unlikely to significantly 


effect electricity distribution systems, broadcasting and communications networks in Auckland in the 


short-term, infrastructure outside of the region, particularly electricity supply to the region could be 


severely impacted.  


 


 


Electical Distribution Systems 
 
Insulator flashover to electricity networks is considered the most likely hazard to cause electricity 


supply disruption. It is important to note that while Auckland itself may not receive ashfall, it may 


suffer loss of electricity supply due to failures on the national grid. Ashfall from the cone volcanoes 


could cause problems for electrical distribution systems close to the source of the eruption.  Impacts 


to electricity generation due to ashfall (e.g. power stations on the Waikato River) may also threaten 


electricity supply to Auckland, although these impacts are unknown. 
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Communication and Broadcasting Systems 


 


There are few modern accounts (last 25 years) of ashfall causing disruption to communications and 


broadcasting infrastructure or service, aside from network overloading which is common in natural 


disaster events.  It is not anticipated that significant electromagnetic signal attenuation will occur 


during a volcanic ashfall, however this is not well understood.  Communications and broadcasting 


services have a high reliance on electricity supply for normal operation.  


 


 


Long-term effects 
 
Due to the lack of longitudinal studies it is unclear whether there are long-term (weeks to months) 


corrosion hazards to infrastructure components following ashfall.  Due to the presence of soluble 


acidic salts on volcanic ash, it is likely some corrosion may occur. Outages could result from 


corrosion where equipment has not been cleaned or inspected for potential damage. 


 


 


Indirect and general effects 


 


Although not the focus of this report, the review of available literature indicates indirect impacts 


have been the most common disruption to telecommunication and broadcasting services following 


volcanic ashfall, such as telecommunications network overloading and air conditioning system 


failure.  Disruption to vehicle or aircraft transport will significantly reduce the ability of network 


managers to adequately inspect, service and or clean exposed sites due to the hazards volcanic 


ashfall causes for transportation (refer AELG posters on transportation and airport disruption). 


 
 


Mitigation and further work 


Exact causes of component failure and identification of suitable mitigation measures is an area 


requiring further work.  In most cases, there are relatively simple mitigation measures available such 


as covering exposed electrical connections, and changing insulator configurations where practical. 


Involvement of building services and air conditioning engineers in a study looking at improvements 


in design to air conditioning and air handling systems to minimise damage would be useful. Rapidly 


evolving technology and the low frequency of eruptions makes it difficult to know if established 


impacts and mitigation recommendations are relevant for modern equipment.   


This review has highlighted where the current gaps in understanding are. A number of 


recommendations are outlined both for the wider research community and the AELG. Knowledge of 


these gaps will inform our research, impact assessments in active volcanic areas and quantitative 


testing over the next 5 to 10 years.   
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1.0 INTRODUCTION 


1.1     Background 


The Auckland Engineering Lifelines Project (AELG, 1999) summarised the effects of direct damage by 


major natural hazards, including volcanic eruptions, to key infrastructure in Auckland.  Up until 


recently, that study contained the most up-to-date summary of network vulnerability, anticipated 


damage and mitigation measures.  


Over the last 8 years, the Auckland Engineering Lifelines Group has sought to update this 


information by commissioning a number of summary reports and posters on the impacts of volcanic 


ash on key infrastructure, in particular: 


• Volcanic Ash Review: Impacts on Lifeline Services and Ash Collection/ Disposal Issues (AELG-


13, 2001) 


• Report on a Volcanic Field Visit to Kagoshima (AELG, 2001) 


• Impacts of Ash on Water Supplies in Auckland (AELG-11, 2004) 


• Health and Safety Issues in a Volcanic Ash Environment (AELG-7, 2005) 


• Poster: Volcanic Eruption – Recommended Actions for Roading Managers (AELG-18, 2008) 


• Poster: Volcanic Eruption – Recommended Actions for Airports (AELG-9, 2008) 


• Poster: Volcanic Eruption – Advice for Water Supply Managers (AELG-11a, 2009) 


 


These reports are available from the AELG website www.aelg.org.nz. 


  


This recent commission extends the series to a review of the impacts of ash fall events on electricity 


distribution networks, broadcasting, radio transmission and communications networks. 


 


1.2 Project Objectives and Methodology 


The specific project objectives are:  


1. Review and summarise information from historic eruptions and research undertaken 


(nationally and internationally) on the impacts of ash on electricity, broadcasting, radio 


transmission and communication networks;   


2. Identify vulnerable components of the respective networks; 


3. Identify mitigation measures to reduce vulnerability prior to a volcanic event, and measures 


to reduce damage during and post event. 


 


The focus of the project is on the direct damage to physical components of the networks, although 


the impact of indirect effects such as cellular overloading through elevated usage, have been noted 


in places.    


  


A literature review (Appendices A2-A6) was undertaken which included numerous published and 


unpublished accounts of impacts at historic eruptions.  Several sector group members contacted 
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their counterpart utilities in other countries with a volcanic hazard to see if additional information 


could be acquired. 


 


A workshop (Appendix A8) with the AELG Communications and Energy Sector Groups was held in 


November 2008 to discuss the findings of the literature review, discuss the gaps in information that 


the literature review highlighted, and to develop a list of vulnerable network components.   


 


This report summarises the findings of the above review and analysis in a format which is intended 


to enable lifeline utilities to quickly identify likely damage and mitigation measures.  The report also 


provides some comment on how the information could be used to support lifeline utilities’ decision 


to reduce vulnerability prior to a volcanic event by investing in physical mitigation measures and/or 


measures to reduce damage during and post event through improved response planning.  


 


1.3 Definitions 


The following definitions have been used in this report: 


Low Voltage <3.3 kV (domestic supply lines) 


 


High Voltage (regional) 3.3-100 kV  


High Voltage (national) >100 kV  


Communication and 


Broadcasting  


• AM and FM broadcasting 


• Broadcast television 


• Short wave and amateur radio 


• Satellite and microwave links 


• Cellular technology 


• Landline telephone 


 


Appendix A1 outlines the radio frequencies for the above 


applications (except landline telephone).  


 


1.4 Literature Review  


A literature review of the possible impacts of volcanic ash on electricity distribution systems and 


communication networks was undertaken. Both published and unpublished references were 


reviewed as well as various historical accounts of past eruptions and mitigation measures. 


Appendices A2 to A6 contain the literature review findings which are summarised under the 


following headings: 


A2: Summary of Factors Affecting Volcanic Ash Impacts on Electricity Distribution Systems and 


Communication Networks 
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A3: Historic Impacts 


A4: Other General Quantitative Analysis of Impacts 


A5: Mitigation measures 


A6: Properties of Ash 


The literature review findings were reviewed by Ian Chapman (PowerCo Ltd) and Adam Tommy and 


colleagues (Kordia Ltd) to ascertain whether there was any other relevant information known to the 


electricity and communication sectors respectively.  Commentary on the literature review by Kordia 


is contained in Appendix A7. 


Reviewers were also asked to comment on the relevance of making a comparison between New 


Zealand and overseas configurations and whether historical observations were relevant given the 


changing nature of technology, particularly for communications. 


There are some differences in configuration for electrical distribution networks between New 


Zealand and overseas (e.g. USA uses a greater number of transformers for a given population than in 


NZ) but none significant enough to make observations from overseas eruptions irrelevant in the New 


Zealand context. This is also the case for technological advances.  


No obvious differences between New Zealand and overseas communications configurations were 


identified. However rapidly evolving communications technology has changed since many of the 


eruptions referenced in the literature review. Communication services are often more distributed 


around a city now than a decade ago, and the technology itself has become more advanced.  It is 


unclear if this has decreased vulnerability (through more redundancy) or increased vulnerability as 


the effects of ash on more advanced technology is unknown.  


Although not the focus of this report, the review of available literature indicates indirect impacts 


have been the most common disruption to telecommunication and broadcasting services following 


volcanic ashfall, such as telecommunications network overloading and air conditioning system 


failure.  Disruption to vehicle or aircraft transport will significantly reduce the ability of network 


managers to adequately inspect, service and or clean exposed sites due to the hazards volcanic 


ashfall causes for transportation (refer AELG posters on transportation and airport disruption). 


In summary, there is limited information available of a quantitative nature, particularly for 


communications systems. Most of the information from historical accounts is anecdotal and refers 


to what element failed, but details of specific damage, reason, length of supply outage and 


corrective measures taken are often limited. Information about what changes utility providers made 


to internal systems such as maintenance regimes, asset management, response planning and 


communication processes as the result of the impact of ash on the network are largely unknown.  


Sections 3.0 and 4.0 summarise the findings of the report in tabular form for easy reference. 
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 2.0 VOLCANIC RISK IN AUCKLAND 


2.1 Frequency and Magnitude of Ashfall Events in Auckland 


Many types of hazards may result from a volcanic eruption, often simultaneously. The most likely 


hazards include pyroclastic falls (ashfalls), pyroclastic flows and surges, lava extrusions (flows and 


domes), lahars, volcanic gases, volcanic earthquakes and atmospheric effects. However, volcanic ash 


can be deposited hundreds to thousands of kilometres from its source, making it the product most 


likely to affect the largest area and the greatest number of people.   


Auckland is vulnerable to volcanic ash from all the volcanic centres in the North Island. Exceedance 


probabilities for volcanoes affecting Auckland are given in Table 2.1: 


 


Table 2.1:  50 year exceedance probabilities for volcanic eruptions affecting Auckland 


Source Return Period (year) 50 yr Exceedance Probability 


Distant Andesitic 


(Taranaki, Ruapehu) 


50-300 15-65% 


Distant Rhyolitic 


(Okataina, Taupo)  


1000-2000 3-5% 


Local Basaltic 


(Auckland Volcanic Field) 


10001 5% 


1 Return period based on 20 events in the last 20,000 years 


 


The above probabilities do not take into account the size of the eruption or the volume of ash likely 


to be produced. For any given eruption the size and extent of the ash plume will depend on the 


eruption energy, volume of tephra (ash), height of the plume and the prevailing weather conditions.  


 


2.2 Ashfall Properties of Interest 


The properties of volcanic ash and environmental conditions at the time of and following the ashfall 


will determine whether there are significant impacts or not.  There is a complex interaction between 


a number of variables which makes it difficult to predict the exact effects ahead of time.  Figure 2.1 


illustrates this interaction for flashover potential for electrical distribution systems. 


Where ash thicknesses are the same, finer ash generally will cause greater problems than coarser 


ash.  It has greater adherence properties, more easily penetrates electrical equipment, and a higher 


surface area leading to greater electrical conductivity when moist.  Generally, dry volcanic ash will 


not cause failure to electrical distribution networks.  Conversely heavy rain will wash ash from lines 


and insulators eliminating the hazard.  The presence of moisture is required to initiate flash-over 


however a number of other factors (grainsize, soluble component of ash, thickness, network 


configurations) will determine whether disruption occurs. 
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Figure 2.1:  Factors affecting flashover potential due to volcanic ash 


   


Like electrical disruption networks, as described above, variations in ash properties will also 


influence the level of impact.  Thickness and grainsize are key parameters.   


In Auckland three key factors are anticipated to threaten electrical power distribution, 


communications networks, and broadcasting: 


1. Ashfalls from a magmatic (dry) Auckland Volcanic Field (AVF) eruption are anticipated to be 


coarse grained, creating a low likelihood of adhering or penetrating to insulators, lines, and 


telecommunications equipment.  Salt build-up on electrical distribution infrastructure from 


volcanic gases may create flashover hazards however.  A phreatomagmatic (wet) eruption 


could produce sufficient fine, moist ash to create an adherence hazard.  In both dry and wet 


eruptions, near vent equipment will be vulnerable to heavy ashfalls causing failure from 


burial, loading and service isolation. 


2. Ashfalls from distal source are likely to be fine grained, and only a large distal eruption 


would deposit sufficient thicknesses in the Auckland region to cause disruption causing ash 


adherence to Auckland electrical distribution networks creating flashover.  However, fine 


ash is more easily ingested by equipment (e.g. air intakes on air conditioning systems) and 


may cause disruption to communications and electrical equipment. 


3. Ashfalls from distal source create a range of impacts near the eruption source, which can 


have a flow on affect to the wider network.   
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3.0 VULNERABLE COMPONENTS, RISK FACTORS AND POTENTIAL 


DAMAGE  


3.1 Electrical Distribution Systems 


Volcanic ash can cause a number of different problems to electrical distribution systems. Most 


commonly these are: 


1. Insulator flashover, 


2. Controlled outages during ash cleaning, 


3. Line breakage and transmission line tower collapse (weight of ash), 


4. Breakdown of air conditioning/ cooling systems diesel generators (for backup power) in 


substations and other housing caused by air-intake blockages and corrosion. 


All will potentially result in supply outages. Of the above, insulator flashover and breakdown of air 


conditioning and cooling systems are the most likely causes of outages in Auckland due to volcanic 


ash.   


Figure 2.1 illustrates the factors affecting flashover potential. Other factors such as earthing systems 


may also play a factor. The distance between the insulator weather shed and the earthing system as 


well as orientation (horizontal or vertical) of the insulator string could also be factors. However 


anecdotal reports of damage vary and there is not enough quantitative data to include these as 


factors at this stage (refer Appendix A4). 


Whether or not flashover occurs will depend on all of the above as well as the prevailing weather 


conditions at the time of the eruption (and over subsequent days and weeks if ash persists in the 


local environment). However, of these, ash thickness, grain size and moisture content are the 


primary factors that should alert operators to the possibility of flashover in the first instance (refer 


section 4.0). 


Moistened ashfall onto gravel ballast (substrate) in substation and electrical yards can reduce the 


step/touch potential of the gravel due to reduced resistivity. This has implications for the health and 


safety of personnel as reduced resistivity of the gravel substrate could increase the possibility of 


electrocution (refer Appendix A3 – Mt St Helens). While observed at Mt St Helens, it is not known 


whether similar observations have been made elsewhere.  


While electricity generation has not been considered here, there could be effects on for example the 


power stations on the Waikato River due to heavy ash loads in the river impacting water intake 


structures.  


Table 3.1 summarises the most vulnerable components of the electricity distribution network to the 


effects of volcanic ash.   


Air conditioning and general structures (common to both electricity distribution and communication 


and broadcasting networks) are discussed in section 3.3.
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Table 3.1: Risk Factors and Likelihood of Potential Damage for Electrical Distribution Networks 


Component Risk Factors Probability of Failure  Cause Comments 


Ash thickness  1-5mm  Ash thickness >5mm    


Fine 


grained 


(<1 mm) 


Coarse 


grained 


(>1 mm) 


Fine 


grained (<1 


mm) 


Coarse 


grained (>1 


mm) 


 
 


 


Line Insulators 


Moist or Wet ash 


 


High 


 


Low High Medium Low voltage 


(domestic supply 


lines) 


Small surface 


area (easily 


coated) 


Dry ash Low  Low Low Low 


Flashover 


  


Probability increases if ash has 


high salt concentration (> 2%) 


 


 


Moist or Wet ash 


 


Medium Low High Medium 


Composition = 


Epoxy 


high voltage  


(regional/ 


national supply 


lines) Dry ash Low  Low Low Low 


Flashover 


 


Probability increases if ash has 


high salt concentration (> 2%) 


Moist or Wet ash 


 


Medium 


 


Low High Low-


Medium 


Low voltage 


(domestic supply 


lines) 


Small surface 


area (easily 


coated) 


Dry ash Low  Low Low Low 


Flashover 


 


Probability increases if ash has 


high salt concentration (> 2%) 


 


 


Moist or Wet ash 


 


Low-


Medium 


Low Medium-


High 


Low-


Medium 


Composition = 


Ceramic/ 


Porcelain/ Glass 


high voltage  


(regional/ 


national supply 


lines) Dry ash Low  Low Low Low 


Flashover 


 


Probability increases if ash has 


high salt concentration (> 2%) 
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Component Risk Factors Probability of Failure  Cause Comments 


Substation insulators – high voltage (large surface area and irregular shape) 


Typically high 


voltage with 


large surface 


area and 


irregular shape 


 Moist or Wet ash 


 


Medium Low High Low-Medium Flashover 


 


Probability increases if ash has 


high salt concentration (> 2%) 


 


Substation and electrical yards (step/touch potential) 


Moist or Wet ash 


 


Medium Low Medium-


High 


Low-Medium Ground ballast 


(substrate) 


 


Dry ash Low  Low Low Low 


Resistivity of ground 


ballast reduced 


following  ashfall and 


ash is moistened 


 


Step/touch potential is 


significantly reduced when ash 


on the ground is damp and 


possible electrocution could 


result. 


Towers/ Poles 


Ash thickness  5-


100mm 


Ash thickness >100mm  


Fine 


grained 


(<1 mm) 


Coarse 


grained 


(>1 mm) 


Fine 


grained (<1 


mm) 


Coarse 


grained (>1 


mm) 


  


Moist or Wet ash Low-


Medium 


Low Medium-


high 


Low 


  


Dry ash Low Low Medium Low 


Collapse, buckling 


due to ash loading 


Collapse due to trees 


falling 


 


Lines 


  Moist or Wet ash Low-


Medium 


Low High Low-


medium 


Collapse due to ash 


loading 
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Component Risk Factors Probability of Failure  Cause Comments 


Dry ash Low Low Medium Low 
Collapse due to trees 


falling 
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3.2 Communication and Broadcasting Networks 


Volcanic ash can cause a number of different problems to communication and broadcasting. Most 


commonly these are: 


1. Breakdown of air conditioning/ cooling systems and diesel generators (backup power) in 


exchanges and other housing caused by air-intake blockages and corrosion, 


2. Indirect effects such as system (landline and cellular) overloading. 


3. Insulator flashover on FM/ TV/ HF antennas and AM radio masts where ‘live’ components 


are exposed, 


4. Loss of electrical power to components through impacts to electrical distribution systems 


(see above), 


5. Damage to satellite and microwave dishes due to weight of ash, corrosion and flashover 


potential,  


6. Above ground line breakage (landline) and tower/mast collapse due to weight of ash, 


7. Failure of local exchanges and/or roadside cabinets caused by corrosion to connectors, 


8. Signal attenuation caused by airborne ash particles, 


• Affecting mostly low frequency services (also some satellite systems and possibly radar)  


9. Interference (commonly static) to signal transmission caused by lightning (rated as a low 


possibility),  


• Affecting low frequency services, e.g. AM radio, HF Maritime, HF aeronautical 


Some historical accounts (typically older than 25 years ago) identify significant disruption to 


communications during an eruption event, however the causes and timeframe of outages are 


difficult to ascertain.  Recent experiences indicate network overloading is the most common impact, 


however there have been few other reported problems.  It would seem that the effects to 


transmission of electromagnetic signal (interference and signal attenuation) are fairly small.  


Damage to network components (such as electronics) should be expected, however there is no clear 


trend as to which components are commonly vulnerable.  Electrical equipment contaminated or 


coated with volcanic ash, especially when wet or in very high humidity, is likely to cause arcing.   


Damage to mechanical switches has also been commonly reported, although with the movement 


towards solid state electronics, this is perhaps a decreasing hazard.   


This report has identified the lack of information available on telecommunications equipment and 


transmission of electromagnetic signal fragility to volcanic ash.  While there is some progress as to 


the exact mechanisms and their impact on different radio frequency bands, further research is 


required.   


Of the above, indirect effects such as overloading are considered to be the largest single factor in the 


immediate disruption to the communication network. Insulator flashover and breakdown of air 
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conditioning and cooling systems are also likely causes of communication outages in Auckland due to 


volcanic ash.   


A key consideration however, is the longer term (weeks to month) period post eruption, where 


outages could result from corrosion to parts where equipment has not been cleaned or inspected for 


potential damage (e.g. roadside cabinets).  


Table 3.2 summarises the most vulnerable physical components of the communication and 


broadcasting networks to the effects of volcanic ash.   


Air conditioning and general structures (common to both electricity distribution and communication 


and broadcasting networks) are discussed in section 3.3.  
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Table 3.2: Risk Factors and Likelihood of Potential Damage for Communication and Broadcasting Networks 


Component Risk Factors Probability of Failure  Cause Comments 


Ash thickness  1-5mm  Ash thickness >5mm    


Fine 


grained 


(<1 mm) 


Coarse 


grained 


(>1 mm) 


Fine 


grained (<1 


mm) 


Coarse 


grained (>1 


mm) 


 
 


 


FM/ TV/ HF antennae and AM radio masts 


Moist or Wet ash 


 


Medium 


 


Low Medium Low-


Medium 


Exposed ‘live’ 


components 


such as 


insulators 


 


Dry ash Low  Low Low Low 


Flashover, shorting 


 Corrosion 


Probability increases if ash has 


high salt concentration (> 2%) 


Roadside Cabinets (landline) 


Moist or Wet ash 


 


Medium 


 


Low Medium Low-


Medium 


Unsealed Connectors (e.g. 


IDC Krone-type 


connectors, 


especially 


disconnect type) 
Dry ash Low  Low Low Low 


Shorting, corrosion 


 


Probability increases if ash has 


high salt concentration (> 2%) 


Satellite and microwave dishes 


Moist or Wet ash 


 


Medium 


 


Low Medium Low-Medium  Exposed ‘live’ 


components 


such as 


insulators  


 


Dry ash Low  Low Low Low 


Flashover, shorting 


 Corrosion  


Probability increases if ash has 


high salt concentration (> 2%) 
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Component Risk Factors Probability of Failure  Cause Comments 


Lines, Cables, Masts, Aerials, Antennae, Towers 


Ash thickness  5-


100mm 


Ash thickness >100mm  


Fine 


grained 


(<1 mm) 


Coarse 


grained 


(>1 mm) 


Fine 


grained (<1 


mm) 


Coarse 


grained (>1 


mm) 


  


Moist or Wet ash Low-


Medium 


Low High Low-


medium 


Above ground  


Dry ash Low Low Medium Low 


Collapse, buckling 


due to ash loading 


Collapse due to trees 


falling 


Fine grained ash adheres more 


to structures; coarser grained 


ash falls off (wind and rain) 


Underground cables not 


affected 


Signal transmission and attenuation 


Moist or Wet ash Low-


Medium 


Low-


Medium 


Medium Medium Low Frequency AM radio, HF 


maritime and 


aeronautical 
Dry ash Low- 


Medium 


Low-


Medium 


Medium Medium 


Static caused by 


lightning 


Signal drop-out 


 


Moist or Wet ash Low-


Medium 


Low-


Medium 


Low-


Medium 


Low-


Medium 


High frequency FM radio, VHF, 


UHF, cellular, 


microwave 


linking, satellite Dry ash Low Low Low Low 


Static caused by 


lightning 


Signal drop-out 


 


Satellite and microwave dishes 


Moist or Wet ash Low-


Medium 


Low Medium-


High 


Low-


medium 


  


Dry ash Low Low Medium Low 


Collapse due to ash 


loading 


Fine grained ash adheres more 


to structures; coarser grained 


ash falls off (wind and rain) 
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3.3 General Structures and Equipment 


Air-handling systems and air conditioners 


One of the most at risk components of both electrical distribution and communication/broadcasting 


networks is the reliance on air conditioning and cooling systems to keep electrical equipment cool 


(e.g. switching equipment in telephone exchanges and data centres).  Air handling systems and air 


conditioners are vulnerable to ash damage, corrosion and arcing of electrical components, and air-


filter blockage, especially if air intakes are horizontal surfaces. The type of air conditioning system in 


use varies greatly depending on the size of structure (e.g. roadside cabinet versus telephone 


exchange).  


Sealed structures using an internal air conditioning system (with external condenser) are less at risk 


than structures relying on external fresh air intakes.  Fresh air intakes will blow ash directly onto 


electronics or filters can become blocked.  Air filters used at communications sites are typically not 


designed to cope with the volume of material typically seen in an ashfall, and very quickly become 


blocked with ash, severely restricting airflow.  Self cleaning filters use compressed air, which could 


become compromised during an ashfall as air compressors need clean air to operate.  


Recent testing indicates that airspeed through the condenser has a significant influence on whether 


blockage from ash ingestion will occur. Modern split-system units typically have a very high 


condenser surface area, which allows for a slower fan speed (to improve noise pollution) and thus 


slower airspeed through the condenser, making them more vulnerable to blockage in wet or dry 


conditions.  Older style wall mounted units appear to offer greater resiliency to ashfall, due to their 


higher air-speed through the condenser and reduced electro-mechanical complexity. 


Some major communication sites (e.g. some Kordia sites, telecommunication exchanges, maritime 


HF site and others) have diesel generators to supply backup power (as well as DC batteries). These 


generators use large volumes of air and could be vulnerable to overheating, reduced performance 


and damage from ash ingestion to motors.  


Road site cabinets are being updated to contain ADSL2+ broadband equipment, requiring air 


conditioning systems within the cabinet.  This is believed to make them more vulnerable to blocking 


and subsequent overheating as a result of ashfall.   


 


Electronic Equipment and Systems 


Volcanic ash from eruptions of Mt St Helens presented several classes of problems for electric and 


electronic systems (From F.E.M.A. 1984): 


• Abrasion of moving parts, especially rotating elements, 


• Jamming of mechanical components, 


• Shorting or grounding of circuits, 


• Etching of painted and metal surfaces, 


• Generation of excessive heat under a blanket of dust or because of obstructed vents. 
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Quantitative testing to electrical equipment, computers and air conditioning condensers (Appendix 


A4) has shown that when ash is dry, computer and electrical equipment continue to operate with 


little difficulty, even in conditions of high suspended ash. When moisture was added, computers 


began to fail due to the ash’s electrical conductivity increasing dramatically; and the moist radiator 


veins of the condenser became blocked due to heavy ash build up which reduced airflow through 


the unit. 


The most likely way equipment will be damaged by ashfall is from catastrophic entry from for 


example roof collapse. In the Auckland context, this includes critical plant or infrastructure necessary 


for example, for electrical transmission to Auckland, which is located outside the region and closer 


to volcanic sources elsewhere in the North Island. 


Exact causes of failure and identification of mitigation measures is an area requiring further work.  


Rapidly evolving technology and the low frequency of eruptions makes it difficult to know if 


established impacts and mitigation recommendations are relevant for modern equipment.  


Involvement of building services and air conditioning engineers in a study looking at improvements 


in design to air conditioning and air handling systems to minimise damage would be useful.  


Table 3.3 summarises the risk factors and likelihood of potential damage for general structures and 


equipment.  
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Table 3.3: Risk Factors and Likelihood of Potential Damage for General Structures and Equipment 


Component Risk Factors Probability of Failure  Cause Comments 


Ash thickness  1-5mm  Ash thickness >5mm    


Fine 


grained 


(<1 mm) 


Coarse 


grained 


(>1 mm) 


Fine 


grained (<1 


mm) 


Coarse 


grained (>1 


mm) 


 
 


Air conditioning and air handling systems 


Moist or Wet ash Medium Low High Medium Unsealed air-


intake (fresh-air 


cooling) Dry ash Low-


medium 


Low Medium Low 


Clogged in-intakes 


system shuts down  


 


Moist or Wet ash Low Low Medium Low-


medium 


Sealed air-intake 


(high-speed 


condenser fan) 
Dry ash Low  Low Low Low 


  


Moist or Wet ash Medium Low High Medium 


Building 


(large) 


e.g. telephone 


exchange 


communication 


data centre 


Sealed air-intake 


(low-speed 


condenser fan) Dry ash Low  Low Low-


medium 


Low 


Clogged in-intakes 


system shuts down  


 


Moist or Wet ash 


 


Medium 


 


Low High Low-


Medium 


Roadside cabinet 


(small) 


Typically 


unsealed 


(vented) 


Dry ash Low-


Medium  


Low Medium-


High 


Low-


Medium 


Clogged in-intakes 


system shuts down 


 


Diesel generators Typically air-


intake – 


Moist or Wet ash 


 


Medium 


 


Low Medium-


High 


Low-


Medium 


Clogged in-intakes 


system shuts down 
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Component Risk Factors Probability of Failure  Cause Comments 


Unsealed 
Dry ash Low  Low Low Low 


Electrical equipment & computers 


Moist or Wet ash 


 


Medium Low High Low-Medium   


Dry ash Low  Low Low Low 


shorting 


corrosion 


 


Probability increases if ash has 


high salt concentration (> 2%) 


Buildings - flat roofs 


Ash thickness  5-


100mm 


Ash thickness >100mm  


Fine 


grained 


(<1 mm) 


Coarse 


grained 


(>1 mm) 


Fine 


grained (<1 


mm) 


Coarse 


grained (>1 


mm) 


Weight of ash 


causing structural 


failure of roof 


Roof collapse is one of the few 


instances when a catastrophic 


thickness of ash will enter a 


building’s environment which 


may damage electrical 


equipment.  


Only flat, long span roofs 


considered as they are the 


most vulnerable to roof 


collapse. 


Moist or Wet ash Low-


Medium 


Low-


Medium 


Medium-


high 


Medium-


high 


  


Dry ash Low Low Medium Medium 


Collapse, buckling 


due to ash loading 
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4.0 MITIGATION MEASURES 


Reducing the vulnerability of electrical distribution and telecommunications networks 


through mitigation and pre-planning 


Reducing the impact of the damage summarised in section 3.0 will comprise a combination of: 


� Reducing the vulnerability of the networks to ash, for example through upgrading or 


replacing vulnerable parts ahead of time, ensuring redundancy of the network, etc., and  


� Managing the residual risk through effective response procedures. 


The decision on the level of acceptable risk will vary between utility operators. Whether to 


implement physical mitigation measures will depend on the degree of exposure of a network to ash 


and a cost benefit analysis. This is discussed in more detail in section 5.0.   


In many instances, it may be more cost effective to manage the residual risk through effective pre-


event response planning with a focus on decisions around shutting down versus maintaining 


operations. 


 


Long term mitigation of ashfall hazards 


Maintaining network infrastructure in a good state of repair and in clean condition is considered best 


practise for long term mitigation of ashfall hazards.  For example, electrical distribution network 


managers should ensure trees and branches do not overhang lines (similar to snow risk 


management) and be mindful of insulators vulnerable to flash-over hazards in high salt-hazard areas 


(e.g. in coastal areas).  Sensitive electrical systems should be isolated from dust. 


Providing adequate network redundancy is desirable, but is considered beyond the scope of this 


report.    


 


Mitigation immediately prior to, during and after ashfall 


Mitigation actions immediately prior to, during and after ashfall have two basic purposes: 1) 


preventing or limiting ash entering systems or enclosures; and 2) effective and efficient removal of 


ash to prevent or reduce damage.   


The most effective method to prevent ash-induced damage is to shut down, close off and/or seal off 


equipment until the ash is removed from the immediate environment.  In many cases this is not 


practical or acceptable.  Some mitigation procedures can cause additional problems or may be 


counter-productive.  For example, shutting down parts of a communication network to avoid several 


thousand dollars of damage to a particular piece of equipment may disrupt service resulting in losses 


of millions of dollars.  Conversely, shutting down a particular piece of equipment might not be an 


option regardless of the revenue or cost of the damage, for example any disruption to the 111 


service is unacceptable and therefore no equipment would be shut off that might impact on 
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emergency calling.  Constant monitoring of ash effects and mitigation procedures is required to 


achieve the most effective balance between operational requirements and damage limitation. 


Response plans should include procedures to implement ash mitigation measures such as warning 


and notification of potential ash falls, reducing or shutting down operations, accelerated 


maintenance and ash-clean-up operations, including access to filters and cleaning/disposal 


equipment. 


Following an ashfall event, it is recommended that the damage to networks and any mitigation 


actions carried out are documented.  Knowledge of ashfall impacts and mitigation is very limited, so 


any systematic assessment from technical experts would be valuable.    


Tables 4.1 through to 4.3 focus on mitigation actions that could be taken immediately prior to, 


during and after ashfall to prevent damage to the components outlined in section 3.0 above. The 


information in these tables is also intended for use as an input into individual utility network 


vulnerability and cost benefit analyses (refer section 5.0).   


 


Useful websites 


There are a number of websites which are a useful resource for mitigation measures. GNS Science is 


a major contributor to these sites, which are updated on a regular basis.  


USGS Ash Impacts Website - http://volcanoes.usgs.gov/ash/ 


A comprehensive summary of impacts to essential infrastructure. 


Cities and Volcanoes Commission - http://cav.volcano.info/ 


The Cities and Volcanoes Commission aims to provide a linkage between the volcanology community 


and emergency managers.  Volcanic impact reconnaissance trip reports are hosted on this site.   


International Volcanic Health Hazard Network - http://www.ivhhn.org/ 


Provides resources, guidelines and databases on impacts of volcanic emissions to human health. 


 


4.1 Electrical Distribution Systems 


Ash that falls dry on dry surfaces is easily cleaned by air blasting or brushing.  Ash that falls wet or is 


wetted before cleaning is not easily removed without high pressure water or hand cleaning.  


Immediate ash removal seems the best mitigation option to prevent widespread outages.  The 


washing of insulators should start from the bottom up to minimise the chance of wet reworked ash 


forming a sufficient cover to induce flashover (See Appendix A2).  If possible de-ionised water should 


be used.  Mitigation recommendations by F.E.M.A. (1984) are summarised and expanded in Table 


4.1. 
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4.2 Communication and Broadcasting Networks 


Most published material on mitigation has been based on the experience gained from the Mount St 


Helens eruption in 1980. Labadie (1983) produced recommendations for mitigating the effects of 


volcanic ash on communications systems.  As noted in section 3.0, the most serious problems 


resulted from the conductive and abrasive properties of ash. Subsequent eruptions have not 


produced the same impact to communication equipment. Mitigation measures available are 


summarised  from this early work, updated and expanded in Table 4.2.   
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Table 4.1: Physical Mitigation Measures for Electrical Distribution Networks 


Component Before During After Comments 


Electrical Sites Maintain in good 


state of repair 


and in clean 


condition.   


 


Monitor site. 


Protect backup and 


auxiliary units to 


avoid starting 


problems when 


they are activated. 


 


Immediately after an ash fall, dispatch personnel to substations to dust, sweep, and 


blow ash from electrical equipment. Prompt and adequate maintenance of the 


mechanical and electrical systems is essential. 


Shut down all electrical systems before any attempt is made to clean or service them.  


Isolate any substations or electrical equipment before any attempt is made to enter 


the site or equipment for cleaning or servicing purposes. 


Remove dry ash immediately from the most sensitive systems by blowing it off using 


air pressure of 30 psi or less, to avoid a sandblasting effect.  


Avoid saturating electrical components when hosing dust off. Many of these systems 


can handle rain and moisture, but not the effect of water jets from hoses. 


Avoid rubbing or brushing equipment, as that will damage many surfaces.  


Be careful not to blow the ash to other places that should be kept clean.  


Vacuum ash when possible and change filter bags regularly. 


Maintain protection and cleaning programmes continuously until the threat of 


windblown ash is over. 


 


Step/touch 


potential is 


significantly 


reduced when ash 


on the ground is 


damp and possible 


electrocution could 


result. 


 


When cleaning use 


low pressures for 


sensitive 


equipment. Wet ash 


which has 


subsequently dried 


and can be difficult 


to remove, hand 


cleaning may be 


required. 


 


Line Insulators Maintain 


insulators in good 


state of repair 


and in clean 


condition.  


Monitor network to 


track if ash is 


adhering to 


insulators. 


Assess network to determine if hazard exists. 


Check and keep insulators clean. A moderate wind, while the ash is still dry, will clean 


most insulators on outdoor distribution lines and equipment. Light rain, which does 


not wash the ash away, is harmful and can cause flashovers and short circuits. Ash 


Insulators often 


exhibit good 


resiliency.  Ensure 


good impact 


assessment has 
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Component Before During After Comments 


Especially in areas 


with high salt-


hazards (e.g. 


coastal). 


Controlled cuts 


may be appropriate 


to mitigate damage 


(cost/benefit). 


that has hardened may require special cleaning methods such as hand cleaning or 


water jetting. 


Make controlled cuts to allow cleaning if hazard suspected (hand, air or water 


cleaning where appropriate).  Ensure all surfaces are cleaned, such as underneath 


insulators. 


Replace damaged insulators. 


Cost benefit analysis should dictate whether cleaning or total replacement most 


appropriate. 


been conducted 


before beginning 


precautionary 


controlled cuts. 


 


Substation 


Insulators 


Maintain 


insulators in good 


state of repair 


and in clean 


condition.  


Especially in areas 


with high salt-


hazards (e.g. 


coastal). 


Monitor 


substations to track 


if ash is adhering to 


insulators. 


Controlled cuts 


may be appropriate 


to mitigate damage 


(cost/benefit). 


Assess substations to determine if hazard exists. 


Make controlled cuts to allow cleaning if hazard suspected (air or water blasting 


where appropriate).  Ensure all surfaces are cleaned. 


Replace damaged insulators 


Should be a priority 


as substation 


insulators are a 


vulnerable 


component. 


Towers/poles Maintain in a 


good state of 


repair.   


Monitor network to 


track if ash is 


adhering to lines 


and towers (loading 


hazard). 


Controlled cuts 


may be appropriate 


to mitigate damage 


Assess network to determine if hazard exists. 


Controlled cuts to allow cleaning if hazard suspected (air or water blasting where 


appropriate).  Ensure all surfaces are cleaned 


Replace or repair damaged towers 


 







Page | 29 


Component Before During After Comments 


(cost/benefit). 


Lines Maintain in a 


good state of 


repair and in 


clean condition.   


Ensure trees and 


branches do not 


overhang lines 


(similar to snow 


risk 


management). 


Monitor network to 


track if ash is 


adhering to lines. 


Controlled cuts 


may be appropriate 


to mitigate damage 


(cost/benefit). 


Assess network to determine if hazard exists. 


Controlled cuts to allow cleaning if hazard suspected (air or water blasting where 


appropriate).  Ensure all surfaces are cleaned 


Replace or repair damaged line 


Cost benefit analysis should dictate whether cleaning or total replacement most 


appropriate 


Lines often exhibit 


good resiliency.  


Ensure good impact 


assessment has 


been conducted 


before beginning 


precautionary 


controlled cuts. 
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Table 4.2: Mitigation Measures for Communication and Broadcasting Networks 


 


Component Before During After Comments 


FM/ TV/ HF antennae and AM 


radio masts 


Where practical seal repeater 


stations and other 


installations; shut air intakes.  


Use internal air circulation for 


cooling.   


Keep moisture out of 


equipment.  Where 


appropriate, seal equipment 


that is not already watertight.   


Where possible, clean 


equipment regularly. 


 


Brush off, blow out or vacuum 


out electronic and radio 


equipment. 


Magnetic particles that stick to 


relay cores should be blown 


off. 


 


 


Roadside Cabinets (landline) Keep moisture out of 


equipment.  Where 


appropriate, seal equipment 


that is not already watertight.   


Where possible, clean 


equipment regularly. 


 


Blow out or vacuum out radio 


equipment; brush off. 


 


The potential number of 


cabinets exposed to volcanic 


ash will require their 


prioritisaton (depending on 


location of critical community 


infrastructure and populations 


requiring minimal disruption to 


service).   


Satellite and microwave dishes 
Install covers; plastic tarp will 


do in an emergency. 


Where possible, clean 


equipment regularly. 


 


Clean ash from dishes, feed 


horns, wave guides with brush, 


vacuum or compressed air (<30 


psi to avoid sandblasting). 


 


Lines, Cables, Masts, Aerials, 


Antennae, Towers 


Trim branches and trees. Where possible, clean Clean with dry methods.    
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Component Before During After Comments 


equipment regularly. 


 


Magnetic particles that stick to 


relay cores should be blown 


off. 
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4.3 General Structures and Equipment 


 


Electronic Equipment  


Volcanic ash from eruptions of Mt St Helens presented several classes of problems for electric and 


electronic systems (From F.E.M.A. 1984): 


• Abrasion of moving parts, especially rotating elements, 


• Jamming of mechanical components, 


• Shorting or grounding of circuits, 


• Etching of painted and metal surfaces, 


• Generation of excessive heat under a blanket of dust or because of obstructed vents. 


All attempts should be made to keep ash out of computer and electronic environments, and clean 


and remove any ash that has infiltrated (Table 4.3). In the long-term corrosion may set in and cause 


more severe damage to the computers. Filters and purifiers should be used for large operations and 


even for single standard PCs where important information is being stored (Gordon et al. 2005).  


Simple ‘‘low tech’’ procedures can used to improve the robustness of computers to the effects of 


volcanic ash.  


In general, the severity and frequency of such problems can be reduced through maintaining a clean 


site and equipment, and regular and thorough maintenance programs. These measures apply to 


mechanical as well as to electrical systems (Table 4.3).  Programs of protection or cleaning should be 


continuous because of the recurrence of blowing ash. The foregoing is confirmed by reports from 


power and communications organizations operating in the ash fall area.  


The most likely way electrical equipment will be damaged by ashfall is from entry due to 


catastrophic roof collapse.   Key buildings containing electronic equipment should be situated away 


from areas most likely to receive ash. These buildings should be structurally sound, and be able to 


cope with ash loading. In extreme situations it may be appropriate to install air conditioning and 


purifying units (e.g., Purafill) designed especially to remove fine particles and gaseous contaminants.  


They can be used within rooms to scrub the air that has already passed through outside air 


conditioning units. In addition, short-term (or long-term) dust shields designed to house single 


computers are available (Gordon et al. 2005). 


 


Air-handling systems and air conditioners 


Damage can be prevented by turning off such systems before an ash fall begins or immediately at 


first signs of ash fall. In many cases damage can be avoided by taking steps to avoid use (if possible), 


avoid ash contamination during ashy conditions and by thorough cleaning of equipment (Table 4.3).   
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Table 4.3: Mitigation Measures for General Structures and Equipment 


Component Before During After Comments 


Computers and 


electrical 


equipment 


Attempt to keep ash out 


of the building. 


Techniques include 


sealing doors and 


windows; creating 


positive internal 


pressure; providing 


brushes and mats to 


clean people and cargo 


before they enter; 


frequent vacuuming 


around entrance, 


preferably with the 


vacuum exhaust 


outdoors; and reducing 


traffic and the number 


of entrances. 


 


Sensitive systems should be isolated 


from dust. 


Insulators should be kept clean. 


Rubbing and brushing should be 


avoided. 


Keep sealed units sealed. Many 


solid-state devices are well 


protected as are most computer 


cabinets, except for fan ducts. Filters 


can be applied to the ducts but care 


must be taken to avoid overloading 


the fans or they could catch fire. 


Units not in use should be kept well 


sealed either in storage container 


designed for the purpose or with 


plastic material well sealed with 


tape. 


 


Electrically isolate all systems before attempting to clean or 


service them.  Throw circuit breakers, not merely a wall 


switch. 


Small portable vacuums can be used to remove the ash. All 


vacuums should be equipped with High Efficiency Particulate 


Air (HEPA) filters to catch fine ash particles. 


During cleaning the casing should be removed as well as 


expansion boards.  


Clean edge connectors in isopropyl alcohol and a cloth. 


Re-application of stabilants to improve contacts and shield 


contacts from corrosion. 


Blow or vacuum ash off. Rubbing and brushing can damage 


many surfaces, but uncontrolled use of air hoses can also 


cause problems. 30 p.s.i. or less is generally proper for blowing 


items clean as more pressure may sandblast.  Care must be 


used to avoid blowing it onto other places that should be kept 


clean. Be sure to clean or change filters and vacuum bags 


frequently when operating in an ashy environment.  


Keep electric components clean. Excess heat can be generated 


when blanketed with dust. This shortens operating life and can 


cause fires. The dust should be vacuumed or blown off. 


 


Air-handling 


systems and air 


If concerned, shut down 


non-essential air-


Regularly monitor and maintain air- Before re-starting air-handling system, clean and remove ash 


from near external air intakes and roof area adjacent to the 
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Component Before During After Comments 


conditioners 


 


handling and air-


conditioning systems 


prior to or during the 


initial ash fall.   


Close and seal windows, 


doors, and other 


openings of buildings. 


Consider installing intake 


hoods that extend 


higher above the 


ground. 


conditioning systems during ashfalls.  


It is likely to be cheaper to keep air-


conditioning running as long as 


possible and repair, clean or replace 


later than shutting it down and losing 


goods, productivity, or services. 


Restrict vehicle and foot traffic near 


air intakes. 


Ash may be kept out by using 


internal circulation to create positive 


pressure inside buildings. 


intakes; clean or replace filters; inspect, clean or lubricate 


moving portions of the system following prescribed routine 


maintenance procedures. 


To restart air-handling systems: 


1. Clean the air intakes and the roof area adjacent to the 


intakes. 


2. Clean or replace filters. 


3. Inspect, clean or lubricate moving portions of the 


system following prescribed routine maintenance. 


Buildings – flat 


roofs 


 


 Monitor ash thickness on roof. 


If greater than 50-100 mm begin roof 


cleaning – especially if 


contemporaneous heavy rain or 


snowfall.  See directions (left). 


Clean roof with brush and shovel.  Use small volumes of water 


to consolidate ash.   


Where possible, shovel into bags for easy removal. 


Use extreme care.  Most injuries following an ashfall are from 


falls sustained during roof cleaning.  


Wet ash is much 


heavier than dry 


ash. 
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5.0 DECISION SUPPORT TOOLS 


This report summarises the current information and knowledge available with respect to the impacts 


of volcanic ash on electrical distribution systems, communication networks and broadcasting. 


It has suggested a range of mitigation options ranging from physical (asset replacement or 


protection) to updating maintenance and response plans.  


The decision of whether to reduce overall exposure through physical mitigation measures or accept 


and manage the residual risk through contingency and response plans (or a mix of both) will depend 


on a range of factors including: 


� the probability of ashfall, 


� the degree of exposure of the network to volcanic ash (location of critical parts of the 


network with respect to volcanic sources, to what extent they include vulnerable 


components as identified in section 3.0 above and whether current protection  


mechanisms are adequate, which facilities must be kept operative versus those that can be 


shut-down during and after ash falls), 


� what physical mitigation measures are possible and their cost,   


� the impact of damage in terms of cost on service outage with and without mitigation 


measures. 


We recommend that the information in this report be used by network operators as the basis for a 


vulnerability analysis of their respective networks.  A process chart, flow diagram or matrix could be 


developed which allows for a pictorial and tabular representation of the network highlighting those 


parts most at risk from volcanic ash. Estimates of service outage should particular components fail 


would need to be made and compared to costs to implement specific mitigation options. 


Such a tool would assist in supporting a decision to implement physical mitigation measures and 


would also identify why in many instances contingency and response plans maybe be more cost 


effective options. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 


This report summarises the current information and knowledge available with respect to the impacts 


of volcanic ash on electrical distribution systems, communication networks and broadcasting. 


Key conclusions are: 


� Light misty rain combined with large volumes of fine grained ash is considered the most 


hazardous event for electricity distribution, communications and broadcasting 


infrastructure.  Light rain will not wash ash from components but greatly increase electrical 


conductivity potentially leading to arcing and flashover hazards.   


� A phreatomagmatic eruption from the Auckland Volcanic Field is considered to be the most 


likely source of large volumes of fine grained (and potentially wet) ash to infrastructure 


components in Auckland. It is important to note that while Auckland itself may not receive 


ashfall, it may suffer loss of electricity supply due to failures on the national grid (from 


ashfall from the cone volcanoes for example on electrical distribution systems close to the 


source of the eruption).   


� There are few modern accounts (last 25 years) of ashfall causing disruption to 


communications and broadcasting infrastructure or service, aside from network 


overloading which is common to natural disaster events.  It is not anticipated significant 


electromagnetic signal attenuation will occur during a volcanic ashfall, however this is not 


well understood.  However, communications and broadcasting services have a high reliance 


on electricity supply for normal operation.  


� Due to the lack of longitudinal studies it is unclear whether there are long-term corrosion 


hazards to infrastructure components following ashfall.  Due to the presence of soluble 


acidic salts on volcanic ash, it is likely some corrosion may occur.  Outages could result 


where equipment has not been cleaned or inspected for potential damage. 


 


� The review of available literature indicates indirect and general equipment impacts have 


been the most common disruption to telecommunication and broadcasting services 


following volcanic ashfall, such as telecommunications network overloading and air 


conditioning system failure.  Disruption to vehicle or aircraft transport will significantly 


reduce the ability of network managers to adequately inspect, service and or clean exposed 


sites due to the hazards volcanic ashfall causes for transportation (see AELG posters on 


transportation and airport disruption). 


Information and knowledge is slowly increasing, however there remain a number of areas where 


more research and application are required, specifically: 


1. There is limited quantitative information available, which inhibits advancing the 


understanding of network and component performance in ashfall conditions, particularly for 


communications systems. It would seem that the effects to radio signals themselves 


(interference and signal attenuation) are fairly small. However there is limited information 
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available and while there is some progress as to the exact mechanisms and their impact on 


different radio frequency bands, further research is required. 


2. Exact causes of failure and identification of mitigation measures for air conditioning and air 


handling systems is an area requiring further work. Involvement of building services and air 


conditioning engineers in a study looking at improvements in design to air conditioning and 


air handling systems to minimise damage would be useful.  


3. Most of the information from historical accounts is anecdotal and refers to which element 


failed, but details of specific damage, reason, length of supply outage and corrective 


measures taken are often limited. Information about what changes utility providers make to 


internal systems such as maintenance regimes, asset management, response planning and 


communication processes as the result of the impact of ash on the network are largely 


unknown.  Studies investigating in detail the specific corrective actions overseas operators 


have taken or are currently taking would be beneficial. Following an ashfall event in New 


Zealand, network operators should be encouraged to document the damage to networks 


and any mitigation actions carried out.  


4. There is limited information on the impact new and emerging types of technologies might 


have on increasing or decreasing the vulnerability of networks.  Further work in this area is 


needed. 


5. There is limited information on the effects of ash on power generation (e.g. determining ash 


loads in the Waikato River and effects on water intake structures). 


6. Fragility functions1 for the most vulnerable components should be developed. There is 


probably enough information about the impact of the different components of ash for these 


to be developed for electrical distribution systems. This is likely to be an outcome of the 


DEVORA2 research programme. 


7. The vulnerability of Auckland’s electrical and telecommunications networks to ash is 


unknown. Criticality audits could be undertaken of each network by the network operators 


themselves to determine the level of exposure the different networks have. This exercise 


could be supported first by a workshop on the findings of this report. Information could then 


be combined to enable a vulnerability assessment of the combined networks to volcanic ash. 


This exercise could be undertaken in partnership with the RISKSCAPE3 research programme. 


                                                           
1
 Fragility Function – a loss curve (mathematical expression) of the damage of a certain element to a specific 


hazard intensity, e.g. number of houses that are expected to collapse given various weights of ash. These 


relationships can then be input directly into risk models. 


2
 DEVORA (DEtermining VOlcanic Risk in Auckland): – a research programme aimed at a much-improved 


assessment of volcanic hazard and risk in the Auckland metropolitan area, and which will provide a strategy 


and rationale for appropriate risk mitigation. This will be based on increasing the understanding of the 


Auckland Volcanic Field through an integrated, multi-disciplinary, multi-agency study.  htpp://www.iese.co.nz/ 


3
 RISKSCAPE – a research programme aimed at developing an easy-to-use multi-hazard risk analysis tool. It 


converts hazard exposure information into the likely impacts for a region, for example, damage and 
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Recommendations for the AELG 


As a follow on from this study, we recommend that the AELG consider building one or more of the 


following projects into its business plan: 


1. Undertake a survey, or summarise criticality audits, to broadly ascertain the level of 


exposure the different networks have to volcanic ash in order to be able to make an initial 


assessment of the risk to Auckland from ashfall. The survey could include questions relating 


to e.g. approximate percentage of the different types of insulators; air-conditioning types in 


the different buildings; number of roadside cabinets; estimate of masts with live 


components; location of particularly at risk facilities to volcanic ash; and the extent of 


infrastructure outside of the Auckland region (e.g. main transmission lines) that is at physical 


risk and which if damaged would have an impact on service to Auckland. This project could 


be undertaken in partnership with DEVORA and RISKSCAPE research programmes. 


2. Support a project with one of the AELG members to partner with a similar overseas operator 


(e.g. telecommunication or electrical distribution operator) with experience in working with 


ashfall to investigate mitigation measures and systems changes in more detail. 


3. Encourage AELG members to review the information in this report against their installation 


standards (i.e. assess whether any changes to installation standards are required for 


installations in areas at risk from volcanic ash). 


4. Develop the information on effects of ash on electrical distribution systems and general 


equipment (e.g. computers and air conditioning) into two posters (estimated at $2K per 


poster). A poster summarising the effects on broadcasting and communications is 


considered less of a priority (less information), although a poster on general equipment will 


be relevant to both. 


5. Ensure reviews of the posters are carried out on a regular basis (e.g. every two years). These 


reviews should be built into the business plan as part of the Volcanic Impact Study Group’s 


activity at no financial cost to the AELG. Reviews would be undertaken as part of GNS 


Science and Canterbury University’s (and others) research programmes.  


6. Advocate and support more utility operator representation on reconnaissance trips with a 


view to specifically looking into details of failure, damage and mitigation methods.  


7. Advocate and support quantitative experiments of key infrastructure components in 


simulated volcanic ashfall to reduce the uncertainty of what the potential effect volcanic 


ashfall may have on performance.  For example, key information gaps are the performance 


of insulators for electricity distribution, vulnerable components in telecommunications 


exchanges and diesel electrical generators in volcanic ashfall.  


                                                                                                                                                                                     
replacement costs, casualties, economic losses, disruption, and number of people affected.  


http://www.riskscape.org.nz/ 
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APPENDICES 


A1 Radio Frequencies 


 Source: Wikipedia 


Name   Symbol   Frequency   Wavelength   Applications   


Extremely 


high 


frequency 


EHF  30–300 GHz  1–10 mm 


Microwave data links, radio astronomy, 


remote sensing, advanced weapons 


systems, advanced security scanning 


Extremely 


low 


frequency 


ELF  3–30 Hz 
 10,000–


100,000 km 


Directly audible when converted to sound, 


communication with submarines 


High 


frequency 
HF  3–30 MHz  10–100 m 


Shortwave, amateur radio, citizens' band 


radio, skywave propagation 


Low 


frequency 
LF  30–300 kHz  1–10 km 


AM broadcasting, navigational beacons, 


lowFER 


Medium 


frequency 
MF 


 300–


3000 kHz 
 100–1000 m 


Navigational beacons, AM broadcasting, 


maritime and aviation communication 


Super high 


frequency 
SHF  3–30 GHz  1–10 cm 


Wireless networking, satellite links, 


microwave links, satellite television, door 


openers 


Super low 


frequency 
SLF  30–300 Hz 


 1,000–


10,000 km 


Directly audible when converted to sound, 


AC power grids (50–60 Hz) 


Ultra high 


frequency 
UHF 


 300–


3000 MHz 
 10–100 cm 


Broadcast television, amateur radio, mobile 


telephones, cordless telephones, wireless 


networking, remote keyless entry for 


automobiles, microwave ovens, GPR 


Ultra low 


frequency 
ULF  300–3000 Hz  100–1,000 km 


Directly audible when converted to sound, 


communication with mines 


Very high 


frequency 
VHF  30–300 MHz  1–10 m 


FM broadcasting, amateur radio, broadcast 


television, aviation, GPR, MRI 


Very low 


frequency 
VLF  3–30 kHz  10–100 km 


Directly audible when converted to sound 


(below ca. 20 kHz; or ultrasound otherwise) 
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A2 Literature Review: Summary of Factors Affecting Volcanic Ash 


Impacts on Electricity Distribution Systems and Communication Networks 


 


Electrical Distribution Systems 


Volcanic ash can cause many different problems to electrical distribution systems. Most commonly 


these are: (1) supply outages resulting from insulator flashover; (2) controlled outages during ash 


cleaning; and (3) line breakage.  Investigations of these effects have been reported by Nellis & 


Hendrix (1980), Stember & Batiste (1981), Sarkinen & Wiitala (1981), Blong (1984) and Heiken et al. 


(1995).  The factors affecting flashover potential of insulators are primarily ash conductivity, ash 


adherence and insulator dimensions (Figure 2.1) which are here discussed in turn. 


Ash conductivity 


Dry volcanic ash is not conductive enough to cause insulator flashover problems.  However, if 


insulating surfaces are completely coated in ash, the presence of moisture in association with 


soluble ash coatings can be critical factors in initiating insulator flashovers (Figure A1 & A2).  


Moisture may be derived from the atmosphere, in the form of rain (during or after the ash fall), or 


from the eruption plume itself.  The soluble coatings are derived from aerosols in the eruptive 


column (refer to appendix 1).  With time rain will dilute the soluble components.  


Bebbington et al. (2008) note that non-volcanic ash flashover of contaminated insulators is a well 


known phenomena from many locations, due to sea spray (e.g., Higashhiyama et al. 1999), industrial 


dust (Aulia et al. 2006) and natural dust (Rizk and Assaad 1971). Typically a combination of fine-


grained (<100 μm) dust, together with high salt concentrations (up to 1.25 wt.% salts) has shown the 


greatest potential for contamination (e.g., Chen and Chang 1996). This material has around ten 


times the conductivity of the typical Mt St. Helens ash described by Sarkinen and Wiitala (1981), 


which notably caused many flashovers and power outages on sub 115 kV distribution systems. By 


comparison, Ruapehu Volcano during 1995–1996 contained total salt concentrations typically 


between 0.4 and 2.1% (Cronin et al. 1998; Cronin et al. 2003), between four and twenty times that 


of the 1980 Mt. St. Helens ash.  Flashover did occur on electrical distribution systems during these 


eruptions but only in several isolated cases due to the relatively thin ashfalls and mitigation 


treatments by power companies (discussed further below).   


Many volcanic ash samples show that even after long periods of repeated wetting soluble 


components such as Sulphate and Fluoride may be extracted over long periods (Cronin and Sharp 


2002; Cronin et al. 2003).  Ash could thus potentially pose a contamination threat for weeks 


following an eruption (Bebbington et al. 2008). 
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FIGURE A1:  Photographs illustrate volcanic ash deposits on electrical equipment at Vantage 


Substation, 21 May, 1980 (from Nellis & Hendrix 1980).  Note in the second photo a man striking a 


pedestal trying to remove ash. 


 


FIGURE A2: 115 kV rig covered in ash during testing by Nellis & Hendrix (1980) 
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Ash adherence 


Weather conditions at the time of ash fall influence ash adherence to insulating surfaces.  Dry ash 


generally tends to rest on horizontal or gently sloping surfaces but causes no immediate electrical 


problems. In contrast wet ash sticks to all exposed surfaces.   In experiments reported by Nellis and 


Hendrix (1980) heavy rain washed off about 66% of ash from insulators, whereas light rain removed 


little ash.   


In tests it has been shown that winds of up to 55 km/hr removed 95% of dry ash (Nellis and Hendrix 


1980).  The type, condition and orientation of insulators have also been found to influence the 


adherence of ash. Epoxy insulators are more vulnerable to flashovers than porcelain insulators due 


to increased ash adherence (Heiken et al. 1995).  Nellis and Hendrix's (1980) experiments also 


showed that if insulators were wet prior to ash falls, adherence was enhanced.  Especially significant 


was the ability for ash to accumulate on the underside of wet insulators.    


Insulation that has 30% or more of its creepage distance (shortest distance on the surface of an 


insulating material between two conductive elements) either clean or dry has a low probability of 


initiating insulator flashovers.   


On large (500–110 kV) electrical transmission networks, many insulators were able to withstand ash 


build-up from the Mt St. Helens, 1980 eruption to a thickness of 6–9 mm before serious flashovers 


began (Figure A3; Sarkinen and Wiitala 1981).  As the distribution voltage reduces from 33 kV down 


to domestic supply voltage of 400 V, the surface areas of the insulators reduce accordingly, which 


leads to increased risk of flashovers and sustained power outages of several hours or longer 


(Sarkinen and Wiitala 1981).  Lower voltage insulators also have smaller weather-sheds so have been 


thought to be more prone to becoming completely covered with ash and water, and therefore are 


more vulnerable to flashovers than higher voltage insulators (Nellis & Hendrix 1980).  Substation 


insulators are more exposed to ash and rainfall due to their shape and often horizontal orientation, 


which makes them more susceptible to flashovers than line insulators.  


Other problems include:  


• Ash covering surface rock in substation area may significantly reduce ground resistivity, 


Step-touch potential, once wetted by rainfall, creating a hazard for maintenance crews 


(Sarkinen and Wiitala,1981; Bebbington et al. 2008).   


• Ash contamination on insulators and conductors increases corona activity which in turn 


causes increase in audible noise (around 10-15 dB) and radio interference (Nellis & Hendrix 


1980). 


• Volcanic ash is a contaminant which abrades and clogs mechanically moving parts. 


Precautionary measures may be needed to service and maintain substation equipment 


after ash falls. 


• Wet ash-laden tree limbs may fall on distribution lines (e.g. in Rabaul in 1994 (A.I.D.A.B. 


1994)). 


• Ashfall can adhere to lines.  Following ashfalls of several tens of mm, especially when wet, 


line and/or pole collapses are likely (e.g. Chile Chico following the 1991 Hudson eruption, 


Chile (Wilson et al. in prep; Bebbington et al. 2008)). 
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FIGURE A3: Photographs from Nellis & Hendrix (1980) showing (a) setup for testing 500 kV Vee 


string, and (b) current scintillation (flashover) activity for ash contaminated insulators with steam fog 


at 1.9 PU applied voltage. 
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The consequences of loss of electricity supply are widespread, and many other public utilities (e.g. 


water supply pumps, radio and telecommunication facilities) may be inoperative for the duration of 


the power loss unless local backup power supplies (batteries and generators) are available.   


Diesel powered generators  


Diesel powered generators are important for maintaining vital services during electricity outages.  


There are few accounts of their usage during ashfalls, with the only known instance in Los Antiguos, 


Argentina, during the 1991 Hudson eruption.  The generators were turned off to protect against 


possible ash ingestion into the diesel engines.   


 


Communications Systems 


Communications have been reported to be disrupted around an erupting volcano.  Such disruptions 


may result from overloading of telephone systems due to increased demand, direct damage to 


communications facilities, and indirect impacts resulting from disruption to electricity supplies or 


transportation of operations or maintenance workers.  There is little or no evidence of modern 


electromagnetic transmission systems (e.g. cellular, microwave data-links, broadcast and satellite 


TV, AM/FM radio, aviation or maritime communications) being disrupted by ash plumes; however 


this is an area of some uncertainty.   


Large quantities of electrically-charged ash can be generated in an eruption column (Anderson et al. 


1965; Gilbert et al. 1991; Gilbert & Lane 1994). These have been known to cause interference to 


radio waves in historic eruptions, but not to modern telecommunications equipment.  For days 


following the 1912 Katmai eruption radio communications were inoperative on Kodiak Island, 160 


km from the vent (Erskine 1962).  During the 1963 Surtsey eruption (Iceland) clicks of radio static 


were observed by a passing ship (Anderson et al. 1965).  Problems with radio communications 


around Pinatubo in 1991 were possibly due to electromagnetic disturbances from the fine volcanic 


ash (Rodolfo 1995).  However, there are numerous examples of modern radio and telephone 


communications continuing to function around an erupting volcano and in areas receiving ash falls 


(e.g. Mount St. Helens 1980, Ruapehu 1995-1996 and Chaiten 2008).  Rodolfo (1995) reports 


"surprisingly, the telephones continued to work..." in the Philippines after 150 mm of ash fell from 


the 1991 Pinatubo eruption. 


During most natural disasters telephone and radio communications are susceptible to overloading 


by public and emergency services use. Overloaded telephone systems were recorded in 


communities receiving ash during the 1953 Mt Spurr eruption (Wilcox 1959), the 1980 Mount St 


Helens eruption (Dillman et al. 1982) and the 1995/96 Ruapehu eruption (Johnston 1997b).  


Response organisations report frequent overloading of their telephone lines even in cases where the 


general system remains operative (e.g. during eruptions of Mount Spurr 1992 and Ruapehu 1995-


1995) 


Most modern telephone exchanges require air-conditioning units to keep electronic switching gear 


below critical temperatures.  Exchanges with external air-conditioning units are thus vulnerable to 


over-heating if these units fail or are switched off (due to ash falls), even if the exchange itself is 


sealed.  Some exchanges are specially sealed to keep out corrosive geothermal gases such as H2S 
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(e.g. in Taupo and Rotorua).  However, any ash entering telephone exchanges can cause abrasion, 


corrosion and /or conductivity damage to electrical and mechanical systems.   


 


Electric and Electronic Equipment 


The abrasive and mildly corrosive nature of ash can damage mechanical and electrical systems.  Air-


handling systems and air conditioners are vulnerable to ash damage and air-filter blockage, 


especially if air intakes are horizontal surfaces, although severe damage is commonly avoided by 


shutting down systems.  Penetration of ash into the electrical system can lead to short-circuiting and 


fires.  Shorting of switch points was the most common source of failure in equipment in urban areas 


following the Mt St Helens eruption (Blong 1984).   


Quantitative testing to electrical equipment by Gordon et al. (2005) to computers and Wilson and 


Cole (2007) to air conditioning condensers illustrated that when ash was dry both types of 


equipment operated with little difficulty, even in conditions of high volumes of suspended ash in the 


atmosphere.  But when moisture was added to the testing environment computers began to fail due 


the ash’s electrical conductivity increasing dramatically; and the moist radiator veins of the 


condenser became blocked due to heavy ash build up dramatically reducing airflow through the unit.   
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A3 Literature Review – Historic Impacts 


 


Published details of volcanic impacts on electricity supply systems and communication systems are 


limited to a few recent examples and very few quantitative measurements of the impacts exist.  


 


Mt St Helens 1980 (USA)  


On 18 May 1980 an earthquake-triggered sector collapse removed much of the north flank of the 


Mt. St. Helens to form a massive debris avalanche, followed by a plinian eruption for 9 hours, with 


the column reaching 25 km in height (Lipman & Mullineaux 1981).  Heavy ash falls occurred over 


much of northern USA, in particular Washington State.  Five more explosive eruptions followed 


during the remainder of 1980.   


Electrical  


The distribution of electricity in the state is carried out by the Bonneville Power Administration 


(BPA), equivalent to New Zealand's TransPower.  The BPA on-sells to local power companies.  During 


the 1980 eruptions of Mount St. Helens volcanic ash disrupted the electricity supplies of several 


communities in Washington State.  The BPA reported that before and during the eruption there was 


a complete lack of knowledge on the affects of ash falls and much anxiety about the potential 


impacts.   


The impacts were largely dependent on the weather prevailing at the time.  The main 18 May 


eruption occurred during dry weather and ash did not cause immediate problems except for a few 


short-duration outages and ash adhesion to horizontal surfaces.  No outages were reported on the 


day of the eruption although outages occurred a few days later in other areas that received rain.  


Later eruptions affected other parts of Washington. Ash falls from the smaller 25 May eruption 


occurred to the south-east of the volcano, accompanying rainfall.  Low voltage lines and substations 


experienced numerous outages from insulator flashovers in areas of >5 mm ash thickness when the 


ash was wet.  It was reported that a number of wooden electricity poles caught fire.  On large (500–


110 kV) electrical transmission networks, many insulators were able to withstand ash build-up from 


the Mt St. Helens, 1980 eruption to a thickness of 6–9 mm before serious flashovers began (Sarkinen 


and Wiitala 1981).  The ash's conductivity was found to increase with decreasing grain size and the 


problem of insulator flashovers increased with distance from the volcano.  The 12 June ash fell dry 


but later rain wet the ash sufficiently to cause outages.   


In addition to line insulators, ash from the Mount St Helens eruption of May 18, 1980 covering 


surface rock in substation areas caused a major decrease in the ground resistivity once wetted by 


rainfall. Resistivity was observed to decrease from approximately 3000 Ωm (ohm meter) to 50 Ωm. 


This was identified as potentially a serious danger for technicians entering the area and equipment 


was isolated before cleaning/repair to avoid electrocution (Sarkinen and Wiitala 1981; Heiken et al 


1995; Bebbington et al. 2008).  


Communications 


Except for short circuits caused by conductive ash and abrasion of moving parts, few serious radio 


problems were reported (Labadie 1983). Teflon insulators on communications antennas were 
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covered with dust and shorted out.  These were very difficult to clean as residue would adhere, 


requiring replacement with ceramic insulators.  Plastic switches and push-buttons (especially those 


with self-cleaning contacts) were found to abrade quickly and required replacement (Labadie 1983). 


 


Electric and Electronic Equipment 


Shorting of switch points was reported as the most common source of failure in equipment in urban 


areas (Blong 1984).  Slight damage was also reported to air conditioning units following 18 May 


ashfalls.  Some computers were reported damaged, with ash reported to be particularly harmful to 


disk drives (Blong 1984), however this is regarded to be less of an issue following testing by Gordon 


et al. (2005) and is discussed in the following section.   


Specific difficulties reported included (from FEMA 1984): 


• Difficulty in operating electro-mechanical items, such as unprotected switches. 


• Insulator flashover (and resultant fires in wooden power poles) due to wet ash deposits.  


• Corrosion of copper/brass and ferrous metals by wet ash (confirmed by laboratory tests).  


• Irrigation pumps burnout due to heat build-up caused by ash deposit. 


• Higher rate of drive belt wear. 


• Contamination of protected spaces by air conditioners that use outside air. 


 


Redoubt 1989 (USA) 


Redoubt volcano, located on the west side of Cook Inlet in Alaska erupted explosively on 20 separate 


occasions between December 1989 and April 1990 (Miller & Chouet 1994).   


Electrical  


In December 1989 power outages resulting from insulator flashover occurred in the Twin City area, 


Kenai, after receiving ~ 6mm of ash in conjunction with rain (Johnston 1997a).  Prompt cleaning of 


substations was recognized as the most effective protective measure (Tuck et al. 1992). 


 


Mt Spurr 1992 (USA) 


Mt Spurr began a sequence of eruptions on 27 June 1992, after 39 years of inactivity (Keith 1995).  


Two further episodes occurred on 18 August and 16-17 September.  All three episodes lasted around 


four hours and sent eruption columns to around 14-15 km in height.   


Electrical  


The city of Anchorage is 120 km from Mount Spurr and is the largest city in Alaska, with a population 


of over 300 000.  The August 1992 eruption deposited about 3 mm of fine sand-sized volcanic ash on 


the city (Johnston 1997a), but no electricity outages were recorded (The Municipal Light and Power 


Company pers. comm.).  The lack of rain during the ash falls and prompt cleaning prevented 


insulator flashovers at substations.  Wind removed most ash from power lines. 
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Communications 


Telephone services in Anchorage are provided by ATU Telecommunications.  Major problems with 


intakes for air-conditioning at exchange sites were reported (Johnston 1997a).  All air-handling units 


were shut down during the ashfall and conditions were monitored from the ATU Emergency 


Command Centre.  The problem continued for some days after the ashfalls due to airbourne ash 


levels.  The cool ambient temperatures at the time of the year meant temperatures within the 


exchanges did not reach critical levels and all systems remain operative.  Most key buildings at ATU 


had positive air (internal air pressure exceeding atmospheric pressure) and air conditioning units 


were turned off.  Staff were also sent home for health and safety reasons. 


Despite having to shut down air-conditioning equipment and operating with reduced staff levels, no 


major system problems occurred.  Increased phone demand was recorded but did not overload the 


system (Johnston 1997a).  Following the ashfall, some problems with blocked air-filters on remote 


equipment were noted.  


 


Rabaul 1994  (Papua New Guinea) 


Rabaul sits between Tavurvur and Vulcan volcanoes.  Following a volcano-seismic crisis in 1983 and 


1984 both volcanoes erupted on 19 September 1994.  Much of the town of Rabaul (17,000 


residents) was covered in heavy ashfall, with ashfalls of 2-3 metres covering the southeastern 


suburbs (Blong & McKee 1995; SMEC International 1999).   


Electrical  


The power supply was shut down at the start of the eruption (Carlson 1998).  The Rabaul Power 


Station suffered little damage from ashfall hazards, however the station was decommissioned and 


the diesel generators removed (SMEC International 1999).  Falling trees and buildings damaged large 


sections of the reticulation system. Some transformers were damaged from ashfall hazards.  In 1999 


approximately 40% of the original 47 transformers are in operation (SMEC International 1999). 


Although most of the poles in Rabaul are steel, and exposed to corrosion, SMEC International (1999) 


reported that most had remained intact 8 years after the eruption and could be reused. 


Communications 


The roof of the local telephone exchange collapsed and the equipment was completely destroyed. 


Underground cabling network was not impacted, however most cross-connection units were 


damaged or destroyed (SMEC International 1999).  The underground cables were installed in 


conduits and the cable joints are sealed with a waterproof heat shrink sleeve.  SMEC International 


(1999) determined that the majority of cables could be reused even in the most damaged areas of 


the Town. 


 


Ruapehu 1995-1996 (New Zealand) 


A sequence of eruptions began on 18 September 1995 (Bryan et al. 1996) followed by a spectacular 


explosion through Crater Lake on 23 September 1995 which received worldwide media coverage. 


Further significant peaks of activity occurred on 25 September and 7, 11 & 14 October 1995. 


Eruptions continued through late October and early November.  On 15 June 1996 seismic activity 
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resumed and a second sequence of eruptions commenced on 17 June.  Over 17-18 June ash fell over 


a wide sector north and west of Ruapehu.  Eruptions continued through July and the first week of 


August, again spreading ash over much of the North Island.  The last eruptive activity occurred on 


the evening of 1 September 1996, producing a minor ash fall on the Turoa skifield. 


Electrical  


Falls of volcanic ash and mud on 25 September 1995 caused shorting on high-voltage electrical 


power lines at the base of the volcano (Figure A4; Johnston et al. 2000).  Fine ash (particles typically 


< 250 μm diameter) coated insulators, pylons and high voltage power lines (220–110 kV) east 


(downwind) of the volcano (Cronin et al. 2003; Bebbington et al. 2008).  This caused voltage 


fluctuations and problems for electrical equipment throughout the North Island.  For example, 


fluctuations in supply tripped the emergency power at Wellington Hospital causing non-essential 


supplies to be shed.  Included in this, by error, was a water pump in a block containing dialysis 


machines (K. McIntyre, Wellington Hospital pers. comm.).  Thermal power stations to the north were 


started to ensure security of the system.   


Electricity supply companies were required to hand clean insulators and towers following every ash 


fall event (Johnston et al 2000) and towers required repainting afterwards to reduce the acid-


induced accelerated corrosion (Figure A5).  In addition, the auto recloser system used by the main 


lines company, Transpower, which breaks electrical supply to a circuit when there is an earth or 


fault, had to be operated manually during the 1995–1996 eruptions of Mount Ruapehu (A. Joosten, 


pers. comm 2006). A major concern at the time was that ash fall could cause one circuit to trip out of 


service, leading to a cascade tripping of remaining circuits transmitting electricity to the upper North 


Island (Bebbington et al. 2008).  Cleaning of 18 towers (and insulators) was undertaken on 27 


September 1995 by four crews of four men (Powermark 1995).  The ash was found to be dry and 


easy to remove.  Strain towers were the most affected due to their insulator configurations (i.e. 


horizontally strung).  It was found that subsequent rains (on 26 September 1995) had washed the 


northern side of towers and insulators.  It was concluded that normal rainfall would clean ash from 


structures, conductors and insulators except the undersides of strain strings.  Three strings of 


insulators were found to have widespread flashover damage but with no electrical problems.   


After ash falls, electricity generation and supply companies routinely cleaned ash from affected 


substations.  On 17 June 1996 electricity supplies were disrupted in parts of Rotorua city after an 


explosion of a 11 kV ground mounted distribution transformer at a local substation caused by ash 


and water settling on a transformer due to a resident's hosing ash from the roof of a neighbouring 


building (Daily Post, 19 June 1996; Bebbington et al. 2008).  There was a focused effort to make sure 


that all of the 11 kV bus-bars were clear and free of any ash before they were put back in to service 


(N. Goodwin., pers com 2007). 
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FIGURE A4: Flashover damage from falls of volcanic ash and mud on 25 September 1995 caused on 


high-voltage electrical power lines at the base of the volcano (from Powermark 1995, unpublished, 


"Report on volcanic ash contamination"). 


 


 


FIGURE A5: Cleaning the power lines/pylons 
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Communications 


Telecom New Zealand reported over-heating alarms were triggered following ashfalls in exchanges 


at Ruatoria.   


 


Hudson 1991 (Chile) 


The August 1991 eruption of Mt. Hudson (Chile) was one of the largest eruptions of the 20th century, 


when an estimated 7.6 km3 of pyroclastic material was erupted.  Ash was erupted to ~18 km and 


distributed ash over 150,000 km2 in Chile and Argentina, and reaching the Falkland Islands (Inbar et 


al. 1995). 


Electrical  


Electricity networks were disrupted in several communities impacted by the Hudson ashfall (Wilson 


et al., in prep).  Chile Chico (~100 km from the volcano) reported electricity outages, both controlled 


and due to eruption impacts following 80-120 mm of ashfall (Narajo and Stern 1998).  Anecdotal 


accounts reported ash accumulation caused electricity lines to collapse in Chile Chico during the 


ashfall.  Ash accumulation on insulator cups also led to several reported instances of electrical 


flashover (Wilson et al., in prep).   


Los Antiguos is located 120 km from the volcano and received 80-100 mm of ashfall (Narajo and 


Stern 1998).   Electricity was generated in by diesel powered generators in 1991.  The municipality 


cut the electricity because of fears lines may collapse and possible damage to the generator.  Lines 


did not collapse in Los Antiguos, with ash typically just falling off them, however they were closely 


monitored by linesmen throughout the eruption (Deputy Mayor, Los Antiguos).  Amador Gonzalez 


(Secretary of Public Works for Los Antiguos) said the large amount of static electricity in the eruption 


plume impacted voltages, creating voltage surges and lightening hazards for both the 220 V 


domestic supply and the 360 V three phase supply (Wilson et al., in prep).   


There was no loss of electricity at Perito Moreno (120 km) following 60 mm of ashfall.  Electricity 


was turned off for 1 month in Rio Gallegos following the eruption, so that there was no risk of 


damage to the electrical network.  This was apparently due to the severe remobilisation problems 


associated with the strong winds.  During the eruption Tres Cerros and Puerto San Julian did not lose 


electricity, as they had their own diesel generators.  These apparently worked successfully 


throughout the ashy conditions (Wilson et al., in prep). 


Communications 


The eruption cloud created severe lightening hazards (Inbar et al. 1995).  High Frequency (HF) and 


Very High Frequency (VHF) radio receivers within 80 km of the volcano (main regional 


communication network at the time) were commonly hit by lightning strikes which rendered them 


useless (Luis Fernando Sandoval Figueroa - emergency manger at Coihaique, Chile).  Some electrical 


appliances were also ruined due to lightening strikes (Luis Fernando Sandoval Figueroa, pers comm. 


2008).  Radio telephones (RT) and HF/VHF radios were predominantly affected by the lightening 


hazards.  Luis Fernando Sandoval Figueroa recalled the ash plume could be effectively tracked by 


monitoring which localities still answered their RT. 







Page | 52 


In the Chile Chico area (90 km from vent; 80-120 mm ashfall) radio communications were reported 


to be generally reliable throughout the eruption, but telephone lines were cut which Wilson et al. (in 


prep) speculate was due to collapse from ash accumulation on the lines.  Sn. Juan Mercegui (former 


Chilean provincial governor) said radio operators were invaluable for communication with each town 


in Chile which was usually the school headmaster. 


Satellite communications in Los Antiguos failed during the ashfall, as occurs in a snow storm.  HF 


radio still worked however.  The service of the one phone at the time was lost for several days, 


although emergency mangers were not sure why (Wilson et al., in prep).   


There was no loss of telephone services in Perito Moreno during the ashfall (Joses Guillermo Bilardo, 


pers comm. 2008).   


 


Chaiten 2008-present (Chile) 


The May 2008-present eruption of Vulcan Chaiten (Chile) was the first pyroclastic eruption of a 


rhyolitic volcano in over 50 years.  A series of plinian eruptions occurred in May 2008 erupting ash 


up to 30 km high, with continuing lava dome growth and associated small pyroclastic flows and 


ashfalls continuing to present.  Ash was distributed across 175,000 km2 of Chile and Argentina (Watt 


et al. 2008). 


Electrical  


Many electrical distribution networks exhibited resiliency to various thicknesses and grainsizes of 


ashfall hazards.  However, there were several instances of electricity supply being disrupted in 


several communities.   


A 68 km stretch of 33 kV line to Futaleufu (75 km from volcano) was affected by fine grained rhyolitic 


ashfalls between 20 mm to over 300 mm in some areas.  Local linesmen reported that 10-20% of 


insulators (porcelain) suffered flashovers from fine volcanic ash accumulation following light misty 


rain between 6-9 May 2008.  The ash covered lines and insulators had operated without problem 


until the light rainfall.  Subsequent heavy rain had reportedly washed much of the ash off, but 


significant volumes of ash remained underneath insulators where flash-over strikes had occurred 


(Figure A6).  Following initial inspections, the lines company decided to totally replace all insulators 


on the line, as it was too laborious to clean or assess damage to each insulator.  Many of the 


insulators which had suffered flashover were cracked and exhibited burn marks at the base where it 


screwed onto the supporting metal pin (Figure A6).  Only vertical insulators suffered flashover.  


Horizontal string insulators did not suffer problems.  Isolators and transformers on the line were also 


reported to have suffered flashover damage.  It took 20 days to repair the line.   


The same stretch of line was affected again following heavy snowfall on 18 May.  The snow 


accumulated with the ash on lines and poles created a significant load causing lines to break and 


poles to collapse.  The 6 mm lines were described as looking like ‘20 mm tubes’ with the ash and 


snow accumulation.  In addition ash and snow laden branches collapsed onto lines resulting in 


further damage.  In total approximately 20 km of line and poles required replacement.  Normally 


only 1 or 2 poles collapse, despite heavy snowfall hazards common in the area.  Repairs were stalled 


by shortages of posts, with the total period of repair taking approximately 6 weeks.   
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Figure A6: Insulators used on 33 kV line, with ash contamination (left) and flashover damage 


(right) 


At Futaleufu hydroelectric power (HEP) dam, Argentina, (86 km from volcano) a major fault occurred 


on breaker columns at the powerhouse transmission station and on the 240 kV transmissions lines 


following light rain (estimated at 2 mm/hour) on 6 May.  The insulators exploded and metal pins 


fused, requiring total replacement.  Only flashover affected insulators were replaced.  Subsequently 


insulators were cleaned at the power-house and on the transmission lines every 10 days for several 


months to mitigate build-up from further ashfalls and wind remobilisation of ash deposits.  The ash 


reportedly did not wash off easily having formed cement like paste following wetting and drying, 


even when high pressure hoses were used.  The HEP dam was unaffected by the ashfall, remaining 


generating during the ashfalls.  However, when the transmission lines were disrupted generation 


had to cease. 


No line insulators suffered flashover damage in Futaleufu, Chile, (75 km from the volcano) despite 


receiving >200 mm of ashfall.  At least 1 transformer failed, reportedly due to flashover occurring on 


the vertical insulators following ash build up.  This was replaced. 


Approximately 50 mm of ashfall was received in Esquel, Argentina (110 km from the volcano).  The 


local municipal utility provider reported no damage occurred to the four electricity distribution 


networks it manages: 33 kV, 13.2 kV, 222 V, and a 3 phase 380 V.  Several scheduled cuts to 


electrical supply were scheduled to allow cleaning of transformers, after it was found ash 


accumulation was creating the potential for flashovers.  There was no problem with either porcelain 


or polymer insulators, both shedding ash equally well.   


In Chaiten town (Chile), electricity networks remained functioning following 20-30 mm of fine 


rhyolitic ashfall prior to the town being inundated by lahars.  The lahars knocked down or eroded the 


foundations of power-poles causing them to fall over, which pulled over poles down, cutting the 


supply in some parts of the town.  The town was successfully operating an improvised diesel 


generator network, using undamaged parts of the distribution network in late January and early 


February 2009.   


Communications 


There were no reports of transmission disruption anywhere during the eruption crisis.  Cellular 


phones were heavily relied on for emergency communication with no reported transmission 
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problems.  There were no reported transmission problems for UHF, VHF, FM, and AM radios and 


satellite phones.  Telemetered data-links suffered no reported problems in Esquel.  Satellite 


television signals were reported resilient in all areas visited.  In some cases ash needed to be cleaned 


out of the dishes to maintain a clear signal. 


The telephone network (cellular and landline) was reported to have overloaded during the early 


phase of eruption crisis in Futaleufu, Chile.   


The main problems with communications was where fine ash penetrated electronic equipment, 


creating problems for cellular phones and other sensitive electronics.  In some instances phones 


could be repaired by cleaning out ash with gentle compressed air and a damp cloth.  There were no 


reports of exchanges or transmitters suffering damage from ash ingestion. 


 


Merapi 2006 (Indonesia) 


Merapi volcano, located in central Java, Indonesia, is one of the world’s most active volcanoes and 


has erupted frequently throughout the 20th Century.  Over the past decades eruptive activity at the 


volcano has been characterised predominantly by the repeated expulsion of viscous, highly 


crystalline lavas to form bulbous lava domes and thick, stubby lava flows. The gravitational instability 


and collapse of these extrusions tends to generate violent, although modestly-sized, pyroclastic 


flows commonly defined as ‘Merapi-type’ (Voight et al. 2000).  In 2006 eruptive activity steadily 


increased and a series of damaging block-and-ash flows impacted rural communities.  The flows 


created an on-going ashfall hazard from May to July with communities several kilometres downwind 


affected by repeated ashfalls of several ashfalls.   


Electrical  


The only report of disrupted electricity service during the 2006 eruption came from the village of 


Kaliadem, where power poles and lines were snapped by the block and ash flows of 14 June. The 


destroyed buildings suffered permanent electricity loss, but the areas adjacent to the flows, which 


lost power initially, regained it within several hours (Wilson et al. 2007). 


The light, but on-going, ashfall hazard reportedly had no impact on electrically distribution systems 


(Wilson et al. 2006).   


Communications 


As with electricity, Kaliadem was the only site of loss of telecommunications Wilson et al. (2006) 


observed during the 2006 eruption. Immediately following a large damaging block and ash flow on 


14 June, cellular telephone service in the village and surrounds suffered a sharp decrease in quality.  


No loss of service occurred however.  Whether this resulted from over-usage, physical destruction of 


communications infrastructure or the presence of ash in the air obscuring signals was unclear. 


 


Kagoshima (Japan) 


Since 1955 Kagoshima city (300,000 residents) in southern Kushu, Japan, has been subjected to 


ashfall generated by Sakurajima, an active volcano lying ~10km to the east of the city centre.  The 


current eruptive phase at Sakurajima began in 1955 and has been characterised by frequent 
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vulcanian eruptions and passive ash and gas venting throughout this period. This activity peaked in 


1985 when ~92 million tons of ash were erupted, but mean ash generation has been 10-30 million 


tons per year (Durand et al. 2001).  Until 1990 ashfalls occurred up to twice per week, although this 


has since decreased in frequency. 


Electrical  


Kagoshima is mainly supplied from the Sendai Nuclear Plant 50 km west of the city by 500kV 


overhead transmission lines on towers in the same manner as much of New Zealand.  Within the city 


power is distributed at 6,600 volts and transformed down to 110 volts for normal household supply. 


Durand et al. (2001) did not observe underground cabling in the city area, noting many power poles 


having significant wiring.   


Durand et al. (2001) noted there were no reported problems of ash interrupting normal supply 


during major ashfalls.  The lines had some resiliency to ashfall as normal Japanese practise is to 


insulate overhead cables and fully enclose pole-mounted transformers (Figure A7).  Sub-stations are 


also fully enclosed, which Durand et al. (2001) speculated was possibly to mitigate the effects of ash.  


Power lines 3 km from the Sakurajima’s cone (which were regularly exposed to ashfall) appeared no 


different from those in the city.   


High voltage lines (6.6 kV)


Low voltage network 


(105-120 V) Telephone/cable TV


Heat shrink boots &


porcelain insulators


 


Figure A7: Annotated diagram of typical Japanese line setup 


During the peak of volcanic emissions in the mid-1980’s the Kyūshū Electric Power Company cleaned 


its transmission towers following heavy ash fall events.  This practise has now ceased in response to 


the decline in volcanic activity.  The tram system was known to fail during heavy ashfall events due 


to shorting of the overhead wires during the mid 1980's. Visual observations suggest that there are 
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no special measures taken to protect the overhead tramlines from shorting. These cables were, 


however, the only un-insulated power cables we observed during the visit. 


Communications 


The volcanic observatories and public organisations utilise modern electronic communication 


systems extensively on Sakurajima volcano and throughout Kagoshima city.  Communication cables 


are typically insulated and mounted above ground on poles with electric cables. However, Durand et 


al. (2001) did not find any evidence of the light ashfalls from Sakurajima disrupting microwave, 


cellphone or telephone cable transmissions.  Sakurajima International Volcanic Sabo Centre (2 km 


from the vent of Sakurajima) was observed to have no special protection for its external 


communication systems, although some satellite communication dishes were understood to have 


dome covers to protect against ash. 


Electric and Electronic Equipment 


Residents and public officials spoken to by Durand et al. (2001) did not recall any instance of volcanic 


ash or gas affecting computers.   


 


Reventador 1999 & 2002 (Ecuador) 


Revenator volcano is a forested stratovolcano located in remote jungles of the western Amazon 


basin (Siebert and Simkin 2002).  It erupted explosively in November of 2002 resulting in ashfall 


affecting rural areas and Quito, the Ecuadorian capital of 1,900,000 people.  Between 2 to 5 mm of 


ash was deposited on the city, causing significant disruption (Leonard et al. 2005) 


Electrical  


Electrical flashover, leading to temporary loss of electricity supply, was caused by damp ash 


accumulating on insulators and transformers. The ash was dampened by the high humidity rather 


than rainfall. Rain on the following day was sufficient to wash the ash off electrical supply 


equipment. This was the only type of damage to electrical supply systems recorded in Quito (Marco 


Rivera, pers. comm. 2004), and elsewhere in the central highlands (PAHO 2003).   


Communications 


Physical impacts of ash on telephone networks were not observed. However the increased usage of 


telephones by the inhabitants of the Quito area during the 2002 Reventador eruption caused the 


exchange to overload, temporarily cutting communications which rely on telephone lines (Marco 


Rivera, pers. comm. 2004). 
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TABLE A1: Summary of impacts to electrical distribution systems from volcanic ashfall 


FLASHOVER – low voltage network 


FLASHOVER – high voltage network 


LINE COLLAPSE FROM ASH BUILD-UP 


CONTROLLED OUTAGE 


TRANSFORMER DAMAGE 


OBJECTS COLLAPSING ONTO LINES 


INSTANCES OF RESILIENCY TO ASH 
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A4 Literature Review: Other General Quantitative Analysis of Impacts 


 


Electricity 


Aside from research undertaken by Nellis & Hendrix (1980) following the 1980 Mt St Helens 


eruption, there is little other known quantitative analysis of the vulnerability of electrical distribution 


systems to volcanic ashfall.  The work of Nellis & Hendrix (1980) is covered in the above sections, so 


is not further discussed here.  


Bebbington et al. (2008) highlight the little known about potential impacts and make a precautionary 


estimate (following discussions with electrical engineers at Powerco Ltd.) that 2 mm of dry or 1 mm 


of wet fine ash would be sufficient for flashovers to start to occur on the 33 kV sub-transmission 


networks.  In the dry ash case, a higher threshold is given as it would depend on the ash being 


wetted by later fog, dew or rain before significant flashover were to occur.  The review here of 


historical impact data suggests electrical distribution systems have a higher resilience to ashfall than 


stated by Bebbington et al. (2008).  The examples of other countries resilience to ashfall impacts can 


be due to the earthing systems they are using which makes the system more tolerant to faults, 


whereas in New Zealand we utilise a different earthing system which is not as tolerant. Given the 


lack of sufficient quantitative data it is probably correct to take this precautionary approach 


however. 


Research at the University of Canterbury, in collaboration with GNS Science and Massey University, 


aims to quantitatively test New Zealand electricity distribution systems under laboratory conditions.  


Variables known to influence flashover potential will be analysed by the testing program.  These 


include: 


• Ash grain-size (multiple grain sizes focusing on fine grained ash - i.e. 100 µm; 


• Attached soluble aerosols (concentration of acid and ion availability); 


• Moisture content; 


• Adherence of ash to insulators and lines (different insulator brands and models and line 


types in New Zealand); 


• Thickness/volume of ashfall required to induce insulator flashover. 


Each factor will be tested individually to analyse its influence on flashover generation. Results will 


give a greater understanding of how vulnerable high-voltage electricity distribution systems would 


be to volcanic ashfall. 


 


Communications 


There is no known quantitative analysis of the vulnerability of communications systems to volcanic 


ashfall. Duststorms can be used as an example for possible communication problems that could 


affect the electrical lifeline utilities and their microwave SCADA systems. Zain Elabdin et al, 2008 


state that in a telecommunications aspect dustorms directly effect the radio propagation especially 


at high frequencies. Lower frequencies are affected by absorption or scattering from the particles 


within the sand/Duststorms. If the particulates within the storms rise high enough into the 
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atmosphere there could be a loss of energy within the signal which results in interruption and 


possible system outages (Zain Elabdin et al, 2008). 


 


Electric and Electronic Equipment 


Computers 


Gordon et al. (2005) conducted a series of experiments with different types of volcanic ash to 


experimentally assess their abrasiveness, conductivity and corrosiveness to computer equipment.  


Ash was poured on to computers and cooling fans in a sealed 0.216 m3
 perspex box, with the effects 


on both the ash and the equipment monitored.  Three different types of ash (1996 Ruapehu 


andesitic ash, Sakurajima andesitic ash and Kaharoa rhyolitic ash) were used in the experiments.   


The bearings within the computer cooling fan continued to work even after 720 h of testing and 


there was no significant abrasion of the fan-shaft bearing. The ash was however fragmented, 


suggesting that the brittle ash shattered to fine ‘dust’, which caused significantly less abrasion to the 


bearings or shaft than expected.  


Three computers were tested in the sealed box. Ash was introduced at increasing rates, with 


computers tested throughout using the BURNIN_ testing programme which placed extreme work 


requirements on the computer (Gordon et al. 2005).   After initial tests failed to produce computer 


crashes, tests were conducted using volumes of ash well in excess of that would normally be 


expected to enter facilities, unless there was a complete collapse of roof sections and catastrophic 


entry of ash.  Failure times ranged from 100 to 150 h following multiple runs of the three computers 


used (Figure A8).  Most failures occurred when humidity was increased by spraying water mist into 


the airflow.  Significantly, if dried out the computers continued to operate again if failure was not 


catastrophic. Card slot edge connectors proved to be one of the weakest links, as a bridge of ash 


formed across the gap (Figure A9). They were also subject to abrasion with some of the gold plating 


being removed. This did not however cause operating difficulties.   


 


FIGURE A8: Time (hrs) versus concentration of ash (g/m2) for computers crashing (from 
Gordon et al. 2005).  
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Labadie (1994) listed hard disk drives as being susceptible to volcanic ash fall during the 1980 Mt. St. 


Helens eruption.  However, Gordon et al. (2005) assessed hard disk drives as being relatively resilient 


to volcanic ash, due to modern filtering techonology.  When the seal on the head disk assembly was 


removed, it took only 2.34 min before the HDD emitted strange noises and the disk failed, showing a 


‘command.com’ error on the screen. Fine ash particles were found in the HDD and, more 


importantly, under the read–write head, with small ash grains being located underneath. 


Gordon et al. (2005) concluded the computers tested were able to withstand significant amounts of 


ash without severe problems, which suggests computers are relatively resilient to volcanic ash 


ingestion unless humidity levels are extreme.   


 
 


FIGURE A9: (A) Card slots on the motherboard with ash bridges pointed out (above).  Note 


substantial amounts of ash; and (B) Mother board with large quantities of ash scattered over it (from 


Gordon et al. 2005). 
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Air conditioning condenser 


Wilson and Cole (2007) conducted tests on the condenser of an air conditioning unit (Figure A10).  


The study focused on this component which is typically outside and thus vulnerable to ashfall.  


Laboratory testing used both with wet and dry Kaharoa ash (rhyolitic) to determine the condenser’s 


resilience to ash ingestion – note that no soluble salts were still present on the ash however.   The 


condenser was placed inside a 0.96 m3 perspex box and ash slowly released into the box 


atmosphere.  The condenser was found to perform satisfactorily during dry ash testing, with only 10-


15% blocked after seven hours.  But when moisture was introduced into the box environment, 


especially when the surface of the condenser was moistened, significant clogging of the radiator 


veins occurred.  This caused a dramatic reduction in airflow through the condenser by up to 75-80% 


over four hours (Figure A11; Wilson and Cole 2007).  The electronically driven fan however 


continued to operate successfully through all experiments.  Some abrasion occurred to the tips of 


the plastic fan blades from the ingested ash slightly reducing efficiency, but no other impacts 


occurred to the condenser (Wilson and Cole 2007). 


 


FIGURE A10: Condenser located inside in the test box (from Wilson et al. 2007). 
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FIGURE A11: Surface of the condenser’s intake face following the wet test (from Wilson et al. 2007). 
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A5 Properties of Ash  


(modified from Johnston 1997) 


Finer material (ash < 2 mm and lapilli 2-64 mm) is convected upwards in an eruption column (Self & 


Walker 1994) before settling out downwind to form pyroclastic fall deposits. Pyroclastic fall deposits 


are composed of various proportions of vitric, crystal or lithic particles (Fisher & Schmincke 1984).  


Vitric particles are glass shards or pumice derived from magma (Heiken & Wohletz 1985), while 


crystals are minerals derived from phenocrysts or mircolites developed in the magma. Different 


minerals reflect the composition of different magmas.  The most common minerals are shown in 


Table A2.  Lithic particles can be divided into three types: cognate (derived from non-vesicular 


juvenile magmatic fragments), accessory (derived from co-magmatic volcanic rocks from previous 


eruptions) or accidental (derived from basement and therefore of any composition).  


 


TABLE A2: Composition of major phenocryst phases in magma (from Thorpe & Brown 1985) 


 


 Basalt Basaltic 


andesite 


Andesite Dacite Rhyolite 


plagioclase 


olivine 


pyroxene 


hornblende 


biotite 


alkali feldspar 


quartz 


Fe-Ti oxide 


** 


** 


** 


* 


- 


- 


- 


** 


*** 


** 


** 


* 


- 


- 


- 


** 


*** 


* 


** 


** 


* 


* 


- 


* 


*** 


- 


* 


** 


** 


** 


** 


- 


** 


- 


- 


* 


** 


*** 


*** 


- 


   *** often present, ** frequently present, * rarely present, - absent or rare 


 


Thickness and Particle Size: It is well known that thickness and median grain-size of ash deposits 


generally decrease exponentially with distance from a volcano (Walker 1971).  The distribution of 


ash (Fig. A1) will depend on the initial grain-size distribution of the ejecta (reflecting fragmentation 


during the eruption), dynamics of the eruption column and the column's interaction with wind 


(Carey & Sparks 1986, Bursik et al. 1992, Sparks et al. 1992, Koyaguchi 1994).  Pyle (1989) and 


Fierstein & Nathenson (1992) have shown that pyroclastic fall deposits display an exponential 


decrease in thickness with the square root of the area enclosed within an isopach contour.       
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FIGURE A12: Schematic illustration of the fall-out of particles from an umbrella eruption cloud 


showing decreasing thickness and mean grain-size with distance from source. 


 


Density: The density of individual particles may vary from 700-1200 kg m-3
 for pumice, 2350-2450  kg 


m-3
 for glass shards, 2700-3300 kg m-3


 for crystals and 2600-3200 kg m-3
 for lithic particles (Shipley & 


Sarna-Wojcicki 1982).  Pumice fragments may form mats of floating material if deposited on water.  


Since coarser and more dense particles are deposited close to source,  fine glass and pumice shards 


are relatively enriched at distal locations (Fisher & Schmincke 1984). 


The bulk density of any pyroclastic fall deposit can be variable, with reported dry bulk densities of 


newly fallen and slightly compacted deposits ranging from between  500 and 1500 kg m-3
 (Kienle 


1980; Moen & McLucas 1980; Scott & McGimsey 1994).  Both increasing and decreasing bulk 


densities with distance from source have been reported (Scasso et al. 1994), but distal ash falls most 


commonly show slight increases in bulk density with distance from a volcano. Grain-size, 


composition (proportions of crystal, lithics, glass shards and pumice fragments) and particle shape 


appear to be the main features controlling bulk density. Less spherical particles (more irregular) will 


pack relatively poorly resulting in higher porosity and lower bulk densities.  Particle aggregation 


(Gilbert et al. 1991) prior to deposition will result in higher particle packing and therefore higher 


densities. 


Abrasiveness: The abrasiveness of volcanic ash is a function of the hardness of the material forming 


the particles and their shape.  Hardness values (on Moh's scale for hardness) for the most common 


particles are shown in Table A3. Ash particles commonly have sharp broken edges (Heiken & 


Wohletz 1985) which makes them a very abrasive material. 
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TABLE A3: Moh's scale of hardness (mineral hardness from Deer et al. 1980).  


 


Scale Number  Mineral Metal Minerals in 


volcanic ash  


and their hardness 


(H)  


1 ---- Talc   


2 ---- Gypsum   


   Aluminium 


Copper 


 


3 ---- Calcite   


   Brass  


4 ---- Fluorite   


   Iron  


5 ---- Apatite   


   Steel volcanic glass, 


pyroxene, 


hornblende (H 5-6) 


6 ---- Orthoclase 


(Feldspar) 


 plagioclase, alkali-


feldspar (H 6-6.5) 


 


7 


 


---- 


 


Quartz 


 olivine (H 6.5-7) 


quartz (H 7) 


 


magnetite (H 7.5-8) 


8 ---- Topaz   


9 ---- Corundum Chromium  
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Soluble components: Freshly fallen ash grains commonly have surface coatings of soluble 


components (salts) and/or moisture (Rose 1977). It is these components that make ash mildly 


corrosive and potentially conductive.  These soluble coatings are derived from the interactions in an 


eruption column between ash particles and aerosols which may be composed of sulphuric and 


hydrochloric acid droplets with absorbed halide salts (Fig. A2).  This process is most active close to a 


volcano (i.e. <50 km), although the amount of available aerosols varies greatly even between 


eruptions of similar volumes (Bernard & Rose 1990).  


 


 


 


FIGURE A13: Volcanic eruptions inject water vapour (H2O), carbon dioxide (CO2), sulphur dioxide 


(SO2), hydrochloric acid (HCl), hydrofluoric acid (HF) and ash into the atmosphere. HCl and HF will 


dissolve in water and fall as acid rain whereas most SO2 is slowly converted to sulphuric acid (H2SO4) 


aerosols. Ash particles may absorb these aerosol droplets onto their surfaces providing an acid 


leachate after deposition. 
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SUBJECT  Review of AELF19 Literature Search Report - Commnuications  


Summary  


The Auckland Engineering Lifelines Group (AELG) contracted Kordia™ to review a literature  


review of the possible impacts of volcanic ash on broadcasting, radio transmission and  


communication networks.  In summary, the l iterature review covers most communications  


systems, but it is acknowledged that much of the information is anecdotal and there is lit tle  


quantitative analysis available.  


In terms of effects on radio signals, lightning-originated interference to low frequency services  


(e.g. AM radio, but not FM radio) does occur, but it is not certain whether there are any ongoing  


effects from the ash to radio signals after l ightning has stopped.  


It is unlikely that airborne ash particles wil l have any significant attenuating effect on higher  


frequency services.  Most communications services above 10 GHz are terrestrial l inks operating  


only tens of metres above the ground, and wouldn't be affected by ash suspended higher in the  


atmosphere - they also have signal "fade margins" to account for signal losses.  Satell ite  


systems may be affected (e.g. SKY TV, Freeview), but we doubt it would be significant enough  


to have a major effect.  Weather RADAR and wind profiler RADAR may also be affected.  


With regard to equipment, the main issues appear to be well covered in the case studies -  


clogged air inlet filters, overheating, weight of ash on buildings, corrosion, phone system  


overloading etc.  However, some FM / TV / HF antennas and AM radio masts have "live"  


components open to the air, usually involving insulators.  The proposed mitigat ion in the report  


of replacing insulators with ceramic insulators may not be helpful for FM and TV antennas,  


where it is not practical to replace Teflon insulators with ceramic or glass insulators.  Protection  


with fibreglass radomes (covers) would be more appropriate in this case.  


We do not expect there to be many issues with the land line themselves (apart from related  


issues such as pole failure, corrosion and overheating of equipment in cabinets).  


No obvious differences between New Zealand and overseas communications configurations were  


identified.  However, communications technology has changed since many of the eruptions  


referenced in the l iterature review.  Communications services are often more distributed around  


a city now than 13+ years ago, and the technology itself has become more advanced.  


Page 1 of  5  
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Introduction & Scope  


The Auckland Engineering Lifelines Group (AELG) is currently assessing the possible impacts of  


volcanic ash on electricity, broadcasting, radio t ransmission and communication networks.  


Kordia™ has been contracted to review the literature review document   and to provide  


comments.  Spec ifically the scope is:  
 


1.    Review of literature review, identifying any obvious gaps from a communication/ broadcasting  


perspective and any other information sources that you know of that we could fol low up. Another  


question as discussed was how similar overseas comms and broadcasting configurations were to  


NZ, so when comparing ash mitigation measures used overseas (if any) we can usefully apply  


these in the NZ context.  


2.    A list of key comms and broadcasting network/ component vulnerabilities. As discussed we are  


wanting to be able to focus on those parts of the network that might be most vulnerable to ash  


(dust is a useful comparison).  


1 


Kordia has not undertaken specific studies directly related to volcanic ash  impacts on  


telecommunications (and it appears to be an area of limited study), but has instead drawn on  


Kordia's engineering expert ise in telecommunications as a basis for review and comment.  


General Comments on Literature Review  


In summary, the l iterature review covers most communications systems, but most information   


appears to be anecdotal and the report  acknowledges that there is  no known quantitative  


analys is of impact to communications systems.  Kordia™ is not immed iately aware of any new  


or better information sources.  


A variety of issues and mechanisms are discussed in the report, but not all are alike, and it may  


be helpful to distinguish between problems affecting immediate communication (e.g.  


interference to emergency services) versus longer term problems that may occur some time  


after the volcanic  activi ty (e.g. corrosion).  D istinguishing between effects on radio signals   


themselves (e.g . lightning-originated interference) versus effects on equipment (e.g. ash in  


filters) can also be helpful, since the former may only affect a subset of systems, while impacts  


to equipment probably apply to all communications systems in some way.  


It is suggested that the literature review contains a table or bullet points that summarises the  


effects and impacts described throughout the document in one place.  It may also be helpful to  


show a chart of radio frequency spectrum with frequencies used by various communications  


services, and the l ikely frequency bands affected by various volcanic ash imp[acts.  


1 
"AELG/1 9 Project: Review of  Impacts of V olc an ic  Ash on Elec tricity Dis tribut ion  Systems , B roadc ast ing  and  


Communication Systems .  Literature Review - Draft ", October 2008, D.M . Johns ton,  T.M . Wils on, M. Daly,  A.  Kidd,  P.  


Bodger, I.  Chap man, S.J.  C ronin  
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Effects to Radio Signals  


In terms of effects on radio signals, the literature review suggests that ligh tning-originated  


interference to low frequency services may occur (e.g. AM radio, HF Maritime, HF aeronautical),  


but perhaps only as long as there is lig htning.  Some reports refer to charged ash particles in  


the atmosphere - these would encourage lightning - but it is not certain whether these charged  


partic les still affect radio signals after lightning has stopped.  


Lightning causes a brief burst of electrical noise throughout the frequency band and can be  


heard as a burst of static on AM radio, but  i t p redominates at lower frequencies - this  


mechanism shou ldn't affect higher frequency services (e.g. 100+ MHz - FM rad io, cellular,  


microwave linking, satellite).  


The 1912 Katmai case referred to in the li terature review appears unusual since radio  


communications were reported  as inoperative for days afterwards at 160 km from the vent, but  


communications would have presumably been on very low frequencies with primit ive receivers   


using simple AM modulation systems that  are sensitive to impulse interference.  


Airborne ash particles are another effect on radio signals that may attenuate higher frequency  


services (10+ GHz).  This is similar to that described in the Sudan dust-storm paper  by the  


literature review.  However, we believe that the density is  probably thicker than  volcanic  ash  


depos its and may not be directly relevant (while it is acknowledged that  volcanic  ash deposits  


could eas ily be as thick as a dus t-storm, there would probably more significant problems than  


just communications failure).  Most communications services above 10 GHz are terrestrial  l inks  


operating only tens of metres above the ground, and  wouldn't be affected by ash suspended  


higher in the atmosphere.  Additionally, such services usually have large s ignal "fade margins"  


to account for signal losses due to rain - these margins should be sufficient for any losses   


caused by modest amounts of volcanic ash in the atmosphere (severe dust-storm attenuation is  


typically 0.5 dB/km c.f. 30+ dB fade margin).  


The only system we believe that may be affected are satel lite systems (e.g. SKY TV, Freeview)  


whose radio path goes up  through the atmosphere and potent ially through greater volumes  of  


ash, but we doubt it would be significant enough to have a major effect (satellite systems also  


have fade margins, albeit smaller).  


2 


Weather RADAR and wind profiler RADAR may be affected by volcanic ash act ivi ty.  


It would seem that effects to radio signals themselves may be fairly smal l.  There is limited  


information available, and while we may have made some progress as  to the exact mechanisms  


and their impact on di fferent radio frequency bands, further research is required.  


2 
"Dus ts torm m easurements of attenuation on microwave s ign als  in Su dan", Z ain Elabdin, M d.,  et al,  2008 Proc eed ing s of  


the International Conf erenc e on C omputers  and Comm unications  Engineering, M ay 13-15.  1181-11 85  
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Effects to Equipment  


With regard to equipment, the main issues appear to be well covered in the case studies -  


clogged air inlet filters, overheating, weight of ash on buildings, corrosion, phone system  


overloading etc (the latter is more an effect to the system rather than equipment itself).  


We do not think weight of ash on towers/structures is a problem, but more consideration is  


required (it may be an issue with overhead wires).  Ash adhering to structures, increasing the  


risk of collapse due to windload issues, may be a more significant problem (similar to the issues  


with ice forming on structures).  


One area which should  be covered in more detail are antennas and cables that are open to the  


air.  The "live" parts of most antennas are usually covered/protected by a fibreglass or plastic  


radome (e.g . most microwave dishes, cellular antennas).  However, some FM radio antennas,  


lower frequency television antennas, HF antennas and AM radio masts have "live" components  


open to the air, usually involving insulators.  Ash build-up on these insulators can cause arcing /  


shorting etc.  The proposed mitigation in the report of replacing insulators with ceramic  


insulators may not be helpful - most, if not all, AM and HF antennas and systems already use  


ceramic or glass insulators.  However, for FM and TV antennas, where Teflon insulators are  


common, the use of ceramic or glass insulators is not practical and protection with fibreglass  


radomes (covers) would be a more appropriate solution in this case.  


Some major communications sites (e.g. some Kordia sites, Telecom exchanges, Maritime HF  


site and others) have diesel generators to supply backup power (as well as DC batteries).  


Obviously, these generators use large amounts of air and could be vulnerable to overheating /  


damage from ash.  However, it is more likely that air conditioning / air handling systems would  


have failed before a backup diesel generator failed (or was even started).  


While our main experience is in radio systems, we do not expect there to be many issues with  


the landline themselves (apart from related issues such as pole failure, corrosion and  


overheating of equipment in cab inets).  The majority of communications landlines (e.g. copper  


phone l ines, cable TV) should be insulated.  Cables below ground shouldn't be affected.  


Corrosion to ID connectors in cabinets may become an issue, especially with landline cabinets  


becoming more proli fic (e.g. IDC Krone-type connectors, especially disconnect types).   
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Differences Between New Zealand and Overseas Communications Configurations  


Regarding differences between New Zealand and overseas communications configurations, no  


obvious, constant differences were identified.  There were a variety of different overseas  


locations involved (U.S.A, Japan, P.N.G, Chile etc).  


One comment we do have is that the time difference from the eruptions referenced in the  


literature review to present day means that newer and more modern communications systems  


are now being used.  Particularly, communications services are often more distributed around a  


city now than 13+ years ago - for example, large numbers of cellsites cover Auckland and can  


have significant area overlap (redundancy) with other cellsites.  Recent moves to improve  


broadband speeds by installing ADSL cabinets throughout suburbs instead of their current  


location at suburban exchanges will distribute this equipment more widely throughout the area.  


Additionally, communication technology has become more advanced - lower efficiency analogue  


systems are being replaced by higher efficiency digital systems and techniques - this can make  


systems both more rugged and more fragile than earlier systems.  


Communications Network Vulnerabilities  


With regard to a list of key communications network/components that may be most vulnerable  


to ash (dust is a useful comparison), the items discussed above would be most l ikely:  


•
  


•


  


•


  


•


  


•


  


•


  


•


  


air conditioning issues  


corrosion  


damage to buildings  


phone system overloading  


disruption to AM, HF services  


possible disruption to satellite services  


antennas with active components open to the air  


Adam Tommy  


Engineering Consultant, Kordia™  


Y:\AVN\ES\Projects\2008\NEQ.139  AELG  -  Review  Report  Volcanic  Ash  Impact on  Communications\AELG19  communications literature  search  


report  review.doc   
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A7 Project Worksop Notes – 7 November 2008 


 


AELG19 – Project Meeting 


7 November 2008 


11:00-12:30, Old Government House, University of Auckland  


 


Workshop Notes 


Meeting Purpose: 


1. To update AELG members from the communications and power sectors on project 
progress and findings from the literature review. 


2. To discuss feedback on gaps and remaining issues. 
3. To develop a list of vulnerable components. 
 


Attendees: 


Robert Burley (Vector), Brigitte Theuma (Telecom), C K Phang (Counties Power), Murray 
Dixon (Vodafone), Stuart Graham (TVNZ), Lisa Roberts (AELG Project Manager), David 
Brunsdon (Natl Engineering Lifelines Committee), Jeremy Gibbons (NZ Fire Service), Bruce 
Parkes (BP Consulting), Elva Leaming (University of Auckland), Alex Steele (IESE)), Elaine 
Smid (IESE), Kate Kennedy (IESE), David Johnston (GNS), Tom Wilson (Canterbury Uni), 
Alisha Kidd (Kestrel), Michele Daly (Kestrel) (17 total participants) 


Workshop Format: 


1. Presentation on Project (overview and update) and Literature Review findings (Michele 
Daly and David Johnston) (presentation attached) 


2. General discussion/feedback on Literature Review (pre-circulated) and general gaps in 
information (preliminary feedback and comments also noted from Kordia) 


3. Discussion on vulnerable components 
4. Discussion on next steps 
 
Summary of Discussion: 


1. Gaps/ Issues/ General Comments 
• Would be good to be able to differentiate between immediate versus longer term effects 


and between impacts on signal (transmission) versus equipment 
• Often historical accounts don’t go into enough detail about actual damage (e.g. 


lightening strikes disrupt comms during the period the ash cloud passes but not a lot of 
info on operability of equipment afterwards) 


• Also difficult to get information on any design changes made as the result of 
experiencing an event (though this information would be invaluable) 


• Some comparison/contrasts can be drawn between ash/ dust/ snow, though it was noted 
that from a density perspective 1cm of wet ash equivalent to about 10cm snow and 
chemical properties of all three very different 


• Not much information on signal attenuation – generally thought not to be a problem 
except with satellite (Sky or Freeview). 
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• Comms and power antennae with open (live) components more at risk e.g. AM radio 
antennae – what % of respective networks in areas at risk from volcanic ash have live 
components? 


• Terminology – final report will need a glossary and also a comms frequency / bandwidth 
diagram (VHF vs UHF vs HF etc). Definition of LV and HV from Electricity Act. 


• Ash distribution for Akl: two types – fine ash, thin coating (distal) versus coarse and thick 
(local). Also compositional differences. Both types present different challenges – 
consider how to bring these out more. 


 
2. Relevancy of comparisons with overseas networks and historic accounts 
 
Communications:  


• General thinking was that comparisons with overseas networks were relevant (global 
technology).  


• Comms technology has become more advanced (analogue to digital) making systems 
both more rugged and more fragile than before.  


• There is rapid growth in communications sector technology and equipment, though it 
was noted that Telecom for example still was using gear that was over 70 years old in 
places. Asset upgrading is a gradual process. (Difference in landline vs radio) 


• As well as access to spare equipment parts, stocks of equipment such as air filters for 
vehicles a problem. Unlikely telcos would hold stocks of these. 


• Communication services now more distributed around a city than 13+ years ago (e.g. 
cellsites; ADSL cabinets) 


 
Power:  


• Also some older infrastructure in place and also a wide variety of components used (e.g. 
Counties Power used a wide variety of types of insulators).  


• Comparisons with overseas networks also considered relevant – not a lot of difference. 
Noted that U.S. uses a larger number of transformers for a given population size than 
NZ.  


 
3. Urban versus Rural networks 
 
• Of greater significance is probably the urban/ rural difference in configuration and age of 


networks. Auckland would have more underground power networks than rural – also 
greater number of ceramic insulators (cf. epoxy)  


• Telecommunications generally use fan cooling in rural areas – different forms of cooling 
(water; fan; air conditioning; interior; exterior) are used in different locations depending 
on a range of factors (age; building type; size etc). This might be a more useful split in 
the report than differentiating between urban and rural networks. 


 
4. Adding Value for Lifelines 
 
• More research is needed in many areas – highlight where these areas are (specifics). 


Comment that current research underway (Canterbury Uni) involves testing the 
vulnerability of actual components to ash. Lab testing on telecommunications aircon 
equipment has been recently carried out and is being written up. Request for any spare 
equipment was made so that other tests can be carried out - contact Tom Wilson 
(thomas.wilson@pg.canterbury.ac.nz). 


• Can more information be acquired on actual causes of damage (many accounts are 
anecdotal and assumptions about actual damage and duration have to be made – e.g. 
what caused non-operability versus a requirement for accelerated access to spare 
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parts)? Comment here that reconnaissance visits would greatly benefit from more people 
with specific industry knowledge and background. 


• More information would be good (though difficult to obtain) on design changes after an 
event (some info here from Japan). 


• Better decision support tools for lifelines are needed to assist in their risk management 
(e.g. event tree analysis – flow diagrams – damage/fragility functions). What are the 
triggers for lifelines in terms of info/ damage/ probabilities that will influence them to 
make a change to the way their networks or response processes are managed?  


• How could lifelines use the information to build a case for CAPEX versus improving 
response processes? Need to consider also when the community versus revenue is at 
risk. 


• Consider looking at the current vulnerability of networks in Auckland as part of the 
project – a questionnaire or similar based around what % of vulnerable components 
comprise each network. Should be relatively easy to obtain from asset registers.  


• Consider identifying risk factors L/M/H (highlight H in table).  
• Damage does not always equal service disruption (consider highlighting this in a 


separate column) 
 
5. Vulnerable Components 
A draft list was developed as follows (in addition to components listed in tables in 
presentation): 


̶ Portable vs fixed generators 
̶ Air conditioning – list types separately (water; fan; air; internal; external) 


Comment here that aircon manufacturers have been approached for comment on ash 
vulnerability as part of other studies, however there was no information and a low level of 
interest shown. 


̶ Sealed vs not sealed buildings 
̶ Manned vs not manned 
̶ Insulators – list types (ceramic; epoxy) 
 
Communications network vulnerabilities: 


̶ air conditioning issues 
̶ corrosion 
̶ damage to buildings 
̶ phone system overloading 
̶ disruption to AM, HF services 
̶ possible disruption to satellite services 
̶ antennas with active components open to the air 
 
6. Actions 
 
Lifeline agencies to approach relevant (in active volcanic areas) overseas contacts for any 
anecdotal, experience or published information they may have access to. 


- Focus on cause of damage; service outages; changes to network as a result 
- Forward any information/ contacts for follow-up to Michele at md@kestrel.co.nz
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Overview 


Chapter 7 investigates the impacts on agriculture and rural communities from wind-remobilised 


volcanic ash following the 1991 eruption of Vulcan Hudson and details practices developed to 


mitigate the impacts.  This has not been observed on such a scale before, making the manuscript an 


important contribution to volcanic impact assessment.  It provides insights into the agricultural and 


anthropogenic impacts of the ‘ash storms’.   


Contributions 


Mr. Wilson conceived the manuscript, developed the interview schedule, conducted fieldwork and 


interviews with impacted farmers and emergency management officials in Patagonia, undertook 


laboratory analyses, literature review and wrote the manuscript.  Assoc. Prof. David Johnston 


offered valuable discussions on project objectives and potential implications.  Prof. Jim Cole and Dr. 


Carol Stewart assisted with fieldwork and interviewing in Patagonia.  Assoc. Prof. Shane Cronin 


advised on sedimentology and soil science.  All co-authors offered discussion on the development of 
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the manuscript.  Prof. Cole, Assoc. Prof. Cronin and Assoc. Prof. Johnston provided in-depth reviews 


of the manuscript.   


7.1 Abstract  
Ashfall from the August 1991 eruption of Vulcan Hudson affected ~100,000 km2 of Patagonia and 


was almost immediately reworked by strong winds, creating billowing clouds of remobilised ash, 


known as ‘ash-storms’.  The impacts on agriculture and rural communities from the ashfall were 


severe, but these were greatly exacerbated by ongoing subsequent ash-storms.  Analysing the 


diverse ecological environments the ash-storms impacted upon, from the southern Andes to the 


Argentine coast, provides insights into the agricultural and anthropogenic impacts of these ash 


storms and practices that could be used to mitigate them.   


Of the low density pyroclastic deposits produced by the 1991 Hudson eruption, fine ash was most 


susceptible to erosion, particularly in the distal portions of the plume, several hundred km from 


source.  Ash deposits were stabilised most rapidly in areas with high rainfall (>1500 mm/a) such as in 


the Andean regions through compaction and enhanced vegetation growth. Stabilisation took longest 


in semi-arid regions around Perito Moreno and in the Argentine steppe. Destruction of vegetation 


and suppression of its re-growth by heavy ashfall (>100 mm) hindered stabilisation of ash deposits 


for years as well as reducing surface friction and driving increased wind erosivity.  Stabilisation of ash 


deposits was improved by intensive tillage.  It was also more rapidly stable in areas of dense and 


taller vegetative cover.  Thin ash deposits were typically rapidly stabilised. 


Ash storms buried farmland under dune deposits, abraded vegetation and contaminated feed 


supplies with fine ash, all of which combined to cause starvation, severe tooth abrasion, gastro-


intestinal problems, corneal abrasion and blindness in grazing animals; and resulted in sheep-fleece 


loading and exhaustion. In addition, ash storms led to exacerbated soil erosion, human health 


impacts, increased clean-up requirements, sedimentation in irrigation canals, disruption of aviation 


routes, and disruption of land transport routes by covering roads and reducing visibility.   


The on-going ash storms were a key motivation for the partial evacuation of small rural towns such 


as Chile Chico (Chile) and Los Antiguos (Argentina) in 1991.  Greatly increased municipal clean-up 


efforts were required beyond the initial ash fall to cope with the on-going impacts from ash-storms. 


Throughout the 1990s ash-storms contributed to large scale population migration out of the 


affected area, leaving hundreds of farms abandoned on the Argentine steppe. 
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7.2 Introduction 
This paper examines the environmental, social and economic consequences for agriculture and rural 


communities affected by wind-remobilised volcanic ash following ashfall from the 12-15 August 


1991 eruption of Vulcan Hudson in southern Patagonia, South America.  Almost immediately after 


the eruption, ash deposits were reworked by strong winds in southern Patagonia, leading to severe 


and on-going impacts, effectively ‘extending the ashfall conditions’ (Scasso et al. 1994).  The impacts 


and consequences of remobilised tephra have been little examined beyond the impacts of initial 


ashfall. Highlighted here is wind-remobilisation of ashfall as a hazard is potentially significant in dry 


and windy environments as the original ash fall.  The diverse climatic and ecological environments 


impacted by the ash-storms, ranging from the southern Andes to the Argentine coast (Figure 7.1), 


provides insights into the spatial, temporal, and anthropogenic controls on ash-storm generation 


and impacts.   


 


 


Figure 7.1: Location map and isopach map of primary eruptive deposits (after Scasso et al. 1994) 
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Following Bitschene et al. (1993) we adopt the term ‘ash-storm’ to describe events of intense 


remobilisation of fresh volcanic deposits by strong winds following an eruption.  This implies that 


tephra or other volcanic particles are the predominant component of suspended clasts, sourced 


from rapidly emplaced pyroclastic or lahar deposits that bury existing soil and vegetation. 


Field work was carried out in January-February 2008, in southern Patagonia, in areas impacted by 


the 12-15 August Hudson 1991 ashfall, allowing analysis of the impacts of ash-storms 16 years after 


the eruption and the intervening development of mitigation measures.  Communities were visited 


from the upper Río Ibáñez valley in Chile, close to Hudson Volcano (>1 m ashfall) to the distal 


portions of the ash plume at the Atlantic coast of Santa Cruz province, Argentina (Figure 7.1).  Field 


methods included semi-structured interviews with 32 farmers, and 11 municipal and agricultural 


officials who experienced the 12-15 August 1991 eruption or participated in the response and 


recovery operations.  Soil and ash samples were taken for analysis.  Impact and mitigation data are 


presented thematically, with published literature reviewed initially followed by qualitative interview 


data. 


The climate in this region is typically dry, cool and windy.  Rainfall ranges from >1500m/year in the 


central Southern-Andes to 800–1000 mm in lower eastern hill areas (Peri & Bloomberg, 2002).  The 


Andes Mountains act as an orographic barrier to moist winds from the west, resulting in mean 


annual rainfall as low as 150 mm/year in the central steppe (Argentina), increasing to 250 mm/year 


at the Atlantic coast (Peri & Bloomberg, 2002; Pasquini et al. 2005).  Atmospheric precipitation is 


seasonal with most in the Andean region occurring in winter (>70% between April and September). 


In contrast, along the coastal zone, most atmospheric precipitation occurs in March-May and 


September-November (Pasquini et al. 2005).  Potential evapo-transpiration ranges between 4 and 7 


mm/d in summer making irrigation essential for horticultural production (Peri & Bloomberg, 2002).  


Peri & Bloomberg (2002) describe temperatures as highest from December to February and at a 


minimum in June–July; summers are short, but with long hours of daylight because of the high 


latitude.  The maximum mean monthly temperature over 30 years at Perito Moreno is 20.4°C, and 


the minimum -3.0°C.  The windiest season is from November until March (Figure 7.2), with the 


predominant wind direction from the south-southwest quarter. Severe and frequent windstorms 


occur in spring and summer, with wind-speeds commonly over 120 km/h.  
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Figure 7.2: Monthly mean wind speed (km/d) from data over 20 years at Perito Moreno, South 


Patagonia, Argentina (from Peri & Bloomberg, 2002). 


 


Pastoral livestock farming for meat and wool production at varying intensities is the dominant 


agricultural practice throughout the area.  Farms in the upper Ibanez valley, southern Andes 


Mountains (20-50 km from Vulcan Hudson), vary in size between several tens to hundreds of 


hectares, with low-medium stocking rates of sheep and beef cattle.  In the lower Ibanez valley 


including Cerrro Castillo, 50-90 km from Vulcan Hudson, higher intensity sheep and beef cattle farms 


of a similar size occur.  Warm, well irrigated valleys draining into Lago General Carrera/Buenos Aires 


host small pockets of intensive ground and tree horticultural production and intensive pastoral 


farming of up to tens of hectares on the outskirts of the rural service towns in Puerto Ibanez, Chile 


Chico, Los Antiguos and Perito Moreno.  In the vast steppe region from Perito Moreno to the 


Argentine Atlantic coast large extensively farmed ranches of over 20,000 ha are common.  


7.3 Wind Remobilisation of volcanic ash 


Erosivity of sediment is determined by particle size, density, morphology; soil roughness; soil 


moisture content, and degree of binding/compaction (Sivakumar, 2005). Unconsolidated, fine and 


often low density ash, such as pumice deposited after an explosive volcanic eruption, can be easily 


remobilised by strong winds when the wind velocity at the soil surface exceeds the static threshold 


of the least stable soil particle (Fowler and Lopushinsky, 1986).  When wind force reaches a 


threshold value some particles begin to vibrate and increasing wind speed causes some of them to 


be ejected into the atmosphere.  When these particles fall back on the surface they may cause 


ejection of further particles, beginning a chain reaction (Sivakumar, 2005).  The dynamic threshold is 
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reached once the wind velocity is sufficient for sediment movement to be sustained (Bagnold, 1941).  


Once ejected, particles move in suspension, saltation or creep, depending on their size, shape and 


density.  Typically, the higher the wind velocity and the lower the particle density, the more likely 


transport will be by suspension (Sivakumar, 2005).  In wind-tunnel testing Fowler and Lopushinsky 


(1986) found loose dry ash from the 1980 Mt St Helens eruption with smooth surfaces could be 


suspended at wind speeds of only 11-12 km/h, whereas particles with irregular surfaces were 


eroded at lower wind speeds (6-9 km/h).  Material <3.5 µm was displaced first. Wet ash that had 


been air dried developed a firm surface, completely stabilising it to winds of up to 69 km/h.  Once 


the surface was disturbed, however, the dynamic threshold for fine ash dropped to 22.5 km/h.  


There have been few direct studies on wind-remobilised ash (ash storms) following a volcanic 


eruption (Table 7.1), although it is recognised that large explosive pyroclastic eruptions generate 


dramatic and large scale sedimentary and geomorphology processes (Manville & Wilson, 2004; 


White et al., 2002).  Post-eruptive erosion and re-sedimentation of pyroclastic deposits are 


maximised by large erupted volumes, abundant unconsolidated ash sized material, destruction of 


the vegetation cover, and inhibition of vegetation re-growth (Manville & Wilson, 2004). Regions that 


experience long dry periods, regular strong seasonal winds, insufficient vegetation cover to protect 


the soil, and inappropriate management practices which disturb the soil surface suffer the most 


serious wind erosion problems (Sivakumar 2005).  It has been estimated from arid and semi-arid 


areas globally (<250-500 mm/a rainfall; Cofinas & Creighton 2001) that 24% of cultivated land and 


41% of pasture land is affected by moderate to severe wind erosion (Rozanov 1990).   


Table 7.1: Instances of wind-remobilised tephra or ash storms 


Eruption Area Affected Problem Reference 


Novarupta-


Katmai, 


1912 (58°15' 


N) 


Alaska, United 


States 


Strong winds remobilised dry ash and lapilli 


forming embryonic dunes or foredunes around 


plants and other obstructions.  Intense windstorms 


laden with large volumes of ash and lapilli were 


reported in the years after the 1912 eruption.  


Over 80 years later, on 20–21 September 2003, 


strong northwest winds remobilised volcanic ash 


from Novarupta volcano and the Valley of Ten 


Thousand Smokes creating an ash cloud 1600 m 


high which extended over 230 km into the Gulf of 


Alaska causing minor ashfall at Kodiak Island, ~ 100 


km from Katmai.  This prompted the Alaskan 


Volcano Observatory and Alaskan Aviation 


Weather Unit to issue warnings to aviation traffic. 


Griggs 1919; 


Hadley et al. 


2004;  


BVGN, 2003 
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Eldfell, 1973 


(63°25' N) 


Coarse scoria 


deposited over 


4 km2 of 


Heimaey, 


Iceland 


Coarse basaltic scoria was remobilised by strong 


easterly and south-easterly winds causing abrasion 


damage to house exteriors, contaminated 


household interiors and exteriors, and inhibited 


visibility in the nearby town.  Constant reworking 


of deposits and abrasion hazards from suspended 


and saltating grains prevented vegetation 


recovery.  A re-vegetation program was successful 


in stabilising 214 ha of scoria deposits in 1976. 


Wilson et al. 


Submitted  


Mt St 


Helens, 


1980 (46°11' 


N) 


Dacitic ash 


deposited over 


106,000 km2 of 


eastern 


Washington, 


United States. 


High winds and windblown dust was common in 


the sparsely populated semi-arid region of mixed 


dry-land agriculture and range-land, creating fears 


the addition of the large volume of ash into the 


environment would result in a higher frequency 


and severity of dust storm events.  Wind-


remobilisation of fine ash caused visibility 


problems for land-traffic and agriculture in eastern 


Washington, particularly in the Columbia Basin.  


Low density coarse sand pumice was eroded into 


small-scale dune formation, despite finer, non-


vesicular tephra.  On agricultural land uniform, 


massive and highly erodible ash deposits were 


typically cultivated into the soil, but on range and 


forest soil (70% of the affected area) the ash was 


left as a relatively persistent surface horizon 


subject to geomorphic processes (Folsom 1986).  


In the months immediately following the eruption 


Cook et al. (1981) reported remobilised ash was a 


recurring problem on windy days or when the ash 


deposit was disturbed by livestock or machinery.  


The problem was less severe than expected, due 


to below average winds and above average rainfall 


following the eruption compacting the ash deposit, 


silt-cap development from dewatering and 


promoting vegetation growth which bound the ash 


deposit.   


Cook et al. 


1981; Blong 


1984; Harrison 


1982; Fowler 


& Lopshinsky, 


1986; Folsom 


1986 


Mt 


Ruapehu, 


1995-96 


(39°16' S)  


Central North 


Island, New 


Zealand. 


Wind-remobilised ash caused some disruption and 


nuisance to vehicle traffic on the Desert Road, the 


national north-south highway. 


Johnston et al. 


2000. 


Vulcan 


Chaiten, 


2008 


(42°50' N) 


Northern 


Patagonia 


(Chile and 


Argentina). 


Wind remobilisation caused health fears, visibility 


problems, household contamination, and 


agricultural disruption in Futaleufu (Chile) and 


Esquel (Argentina).   
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There are few recorded attempts to mitigate wind remobilised tephra.  Much of the current 


understanding of how tephra can be stabilised originates from the 1980 eruption of Mt St Helens, 


where tephra fall with a maximum grain size <1 mm and was stabilised by a variety of natural and 


anthropogenic processes (Folsom 1986; Fowler and Lopushinsky, 1986), including:  


 percolating water elutriating fines from the tephra layer into the underlying soil macropores; 


 frost heave and soil animals activities incorporate tephra into soils, especially with thin 


deposits (<5-12 mm); 


 dewatering and rainfall develop an erosion resistant silty surface cap that may also be 


strengthened through chemical precipitation;  


 regeneration and maintaining vegetation cover to reduce wind velocity at the ground 


surface, intercept rain drops, bind tephra particles together with root systems and humus; 


 incorporation by cultivation or tillage; 


 stockpiling and covering with an erosion resistant cap; 


 avoiding disturbance of consolidated deposits.   


Experiences at Puerto Ibanez, Chile, following the 1991 Hudson eruption, and Futaleufu, Chile, 


following the 2008 eruption of Vulcan Chaiten, highlighted the lack of recorded accounts stabilising 


pyroclastic deposits to prevent their remobilisation by wind (E. Ponce pers. comm. 2008). This is the 


motivation for this study. 


7.4 1991 Hudson Eruption, Chile and reported ash remobilisation 


by wind 
Hudson volcano (45°54’ S; 72°58’ W) erupted in two separate, partially sub-glacial phreatoplinian 


phases on 8-9 August and 12-15 August 1991.  Located in southern Chile, Vulcan Hudson is part of 


the Chilean Southern Volcanic Zone (33–46°S; Kratzman et al. 2008).   At least 12 Holocene explosive 


eruptions are sourced from Hudson, the most significant of which were those at 6,700 yrs BP, 3,600 


yrs BP, and AD 1991 (Naranjo & Stern 1998).  The 1991 eruption is notable for having an abrupt 


change from initial basalt/basaltic-andesite magma to later much larger volumes of trachyandesite 


and rhyodacite magmas (Naranjo et al. 1993; Kratzmann et al. 2008; Bitschene & Fernandez 1995). 


The first (mafic) phase of the eruption dispersed ash to the north on 8-9 August, 1991, while the 


second (silicic) phase on 12–15 August, 1991, dispersed ash over a narrow, elongated ESE sector of 


Patagonia, covering an area (on land) of more than 100,000 km2 (Figure 7.1) (Scasso et al., 1994).  


The eruption produced 4.3 km3 bulk volume (2.7 km3 dense rock equivalent) of tephra fall deposits, 


making it one of the largest explosive eruptions of the 20th century (Kratzmann et al., 2008).  The 
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strongly elongated footprint of the deposit resulted from strong winds blowing to the southeast 


during 12-15 August. The prevailing strong westerly winds (known as the ‘roaring forties’) were 


supplemented by a jet stream blowing to the southeast in the upper troposphere-lower 


stratosphere at estimated speeds of up to 240 km/hr (Scasso et al. 1994).   


The 1991 tephra deposit was described by Scasso et al. (1994) as comprising up to 12 layers with 


marked bimodality in the grainsize distribution reflecting alternating fine-ash and coarse-ash 


(pumice) layers in areas up to 270 km from the volcano. They also reported secondary thickening at 


approximately 500 km ESE of the vent and noted overall a large proportion of fine-grained material, 


and variations in bulk density with distance.  


Wind reworked deposits showed parallel or cross-bedding with better sorting within each individual 


layer than primary fall deposits; each layer typically exhibiting unimodal distribution with a well-


developed fine to very fine ash mode (Banks and Ivan, 1991; Scasso et al. 1994; Bitschene et al. 


1993).  Wind remobilisation began immediately following the ashfall on 16 August.  Strong spring 


winds occurred for up to a week and reworked huge quantities of ash and some terrigenous material 


(Scasso et al., 1994; Inbar et al. 1995).  In general ash deposits were transported by westerly winds, 


with much being deposited in the Atlantic Ocean (Figure 7.1).  Greatest erosion occurred from 


exposed areas, such as ridgelines, river valleys (like the Ibanez valley) and the sparsely vegetated 


steppe region.  The fine ash component was reportedly remobilised once winds exceeded 35 km/h, 


forming huge dust clouds or ‘ash-storms’ (BGVN 1991a;b;c; Scasso et al. 1994; Bitschene et al. 1993).   


Ash-storms affected most of the fall out zone from the 12-15 August eruption and some areas on the 


periphery of the zone, particularly locations to the east including the large Chilean fluvial-glacial 


valleys such as the Rio Ibanez, and in the Argentine steppe.   


A major ash remobilisation event was detected by the GOES satellite in early September 1991 where 


55-65 km/hr surface winds generated ash clouds extending from near Vulcan Hudson to the Atlantic 


Ocean (BGVN, 1992).  The densest part of the remobilised clouds was around 250 km SE of the 


volcano in the steppe (BGVN, 1992).  Another remobilised ash cloud was recorded on 27 November 


1991 when NOAA-12 images recorded extensive gray plumes extending from the vicinity of Hudson 


more than 1,000 km across southern Argentina and the western Atlantic Ocean (Figure 7.1; BGVN 


1991d).  The following day, ash could be tracked over the Atlantic to beyond 40°W.  Additional 


smaller plumes were seen on 3 December satellite images (BGVN 1991d).  These were initially 


interpreted as ash-plumes from new eruptive activity, but the lack of observed eruption and no 


accompanying seismicity indicated wind-remobilisation of the 1991 ash (BGVN 1991d).   
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Remobilisation of tephra by strong winds led to accumulation of ash at Mar del Plata, on Argentina's 


Atlantic coast >1,500 km NE of Hudson, on 2-3 December 1991 (Figure 7.1) (BGVN 1991d), and at 


Comodoro Rivadavia (420 km E of Hudson) depositing 2 mm of ash on 21 March 1992.  Windblown 


ash deposition also occurred south to Río Gallegos (700 km SSE of Hudson) in early 1992 (Figure 7.1) 


(BGVN, 1992).   


A regional survey around Los Antiguos during 1992 revealed the region was affected by ash-storms 


every 7 days on average, with valleys particularly affected and ash deposited in dunes and sheets 


(Bitschene et al. 1993).  Some stabilisation of ash occurred with higher winter precipitation and 


recovering vegetation, but ash-storms were frequent for 3-5 years after eruption.   


Interviewees across the study area reported wind-blown ash was extremely bad for around 4 


months after the eruption.  Intense ash-storms reduced visibility to less than one metre in Puerto 


Ibanez and Chile Chico and forced people to constantly shelter indoors.  By 1996 interviewees 


reported ash storms had decreased in severity and frequency, but areas with ashfall deposits >50 


mm were occasionally still affected, such as Chile Chico, Los Antiguos and Perito Moreno.  In 


exposed areas, such as at Puerto Ibanez and in the Argentine coastal steppe, ash-storms continued 


as a hazard through to 2008.  Effects in the Argentine coastal steppe in particular were extreme, 


where fine ash deposits did not stabilise in the semi-arid conditions and ash was blown from the 


interior across the continent to the Atlantic. 


 


7.4.1 Soil grainsize changes – 1991 to 2008 
The grainsize distributions of primary ash fall deposits from the 12-15 August 1991 eruption were 


measured by Banks and Ivan (1991) in Chile and Scasso et al. (1991) in Argentina (Figure 7.3), using 


standard sieving techniques.  The overall grainsize decreased systematically with increasing distance 


from the vent.   


To compare with primary ash, samples were taken of the upper 5 cm of undisturbed and 


uncultivated topsoil (avoiding traffic and eroded areas) in 2008 at Upper Ibanez valley, Cerro Castillo, 


Puerto Ibanez, Chile Chico and at a site in the Argentine estancia - 270 km from Vulcan Hudson 


(Figure 7.1).  The original ashfall thickness at these locations was 50-1,500 cm respectively (Figure 


7.3) (Narajo et al. 1993; Scasso et al. 1994).    The 2008 deposit samples also show decreasing 


grainsize with increasing distance from the volcano (Figure 7.4).  The 2008 samples are consistently 


coarser than 1991 samples from the same localities and lack the fine tail of the original ash 


distribution. This may indicate that the fine ash component has been eroded by wind.  This 
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correlates to reports immediately post-eruption that remobilised ash particles in 1991 were typically 


<5 mm (BGVN 1991c). Banks and Ivan (1991) did not sieve below 63 m, however they and Scasso et 


al. (1994) sampled ashfall at Chile Chico providing a check between both datasets.  A good 


correlation is shown between the two datasets up to 4  (63 m) and the data has been 


extrapolated to approximate the more detailed analysis of Scasso et al. (1994).  On this basis 


extrapolations are plotted for the rest of the Banks and Ivan data for Ibanez valley and Cerro Castillo 


in Figure 7.3. 


 


Figure 7.3: Grain size distributions of selected 12-15 August 1991 air fall deposits.  Particle 


diameters are plotted in the sedimentological convention increments of –log2(mm), known as the 


 scale. From: Banks and Ivan (1991) and Scasso et al. (1994).  


The 2008 Estancia sample is much coarser grained than that from the 1991 deposit, indicating there 


has been extensive erosion or other reworking of the deposit, in particularly the fine fraction >5  


(<32 m).  The very fine ash component (i.e. < 8 µm or >7 phi) is completely missing in the 2008 


Chile Chico and Estancia samples.   This is supported by Inbar et al. (1995) who reported the mean 


size of airborne particles in Santa Cruz province, Argentina, collected from static and dynamic 


samplers during September 1992 was between 20-30 µm, and most of the samples were <60 µm.   
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7.4.2 Ash dune formation   
Wandering dunes were reported by Bitschene et al. (1993) at Los Antiguos and continued eastward 


in 1991 and 1992.  In the steppe region between Los Antiguos and Pertio Moreno dunes were 


reported to be between 0.5-1.5 m high in valley areas, 5-10 years following the eruption (BGVN 


1992).  In Perito Moreno the original 50 mm fall deposit was overlain by up to 450 mm of 


remobilised deposits in 1991 and 1992 (Scasso et al. 1994).  In the Argentine steppe region Bitschene 


et al. (1993) estimated 70% of ash deposits east of the Perito Moreno-Bajo Caracoles line were 


eroded by September 1992 and had been deposited in the South Atlantic Ocean.    


 


Figure 7.4: Grain size distributions of selected 2008 soils in the 12-15 August 1991 air fall 


deposition area. Particle diameters are plotted in the sedimentological convention increments of –


log2(mm), known as the  scale. 


 


Mapping, sampling and qualitative interview data from farmers and emergency management 


officials indicated windblown ash dune formation occurred primarily >70 km from source.  In the 


upper Ibanez valley, few wind-blown dunes formed between 1991 and 1996, presumably due to the 


coarse grainsize of the fall deposit and suspension (rather than saltation) of the fine component of 


ash deposits by strong winds.  Throughout the 1990s small dunes 10-20 cm in height buried pastures 


and affected farming operations in the lower Ibanez valley, close to Cerro Castillo approximately 70 
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km from Vulcan Hudson and were still observable in 2008 on exposed fields.  In Puerto Ibanez, dune 


formation was significant, with the 50-80 mm fall deposit overlain by up to 2 m of ash dunes by 


2008.  In February 2008 ash was still retained in the lee of vegetation in the ash plume region and in 


some cases persisted as a re-worked layer above the soil exhibiting low-angle cross-bed textures.  


Dunes were between 0.2-0.5 m high in sparsely vegetated steppe valleys.   


Ash-dunes were reported at Tres Cerros in 1991 and continue to affect farming operations in 2008, 


with ash blowing in from the west.  In Puerto San Julian the fine ashfall was insufficient to form 


dunes greater than several centimetres high, but ash-storms deposited sufficient sediment to form 


dunes 10-20 cm in height (Antonio Tomasso pers. comm. 2008).   


 


7.4.3 Composition of re-worked material 
Sampling by Inbar et al (1995) showed much of the suspended material in 1991-92 was 


terrigenous/soil material rather than primary ash, especially particles <5 µm.  In 2008 samples 


collected from ash dunes at south-west Puerto Ibanez were dominantly primary volcanic material, 


i.e., pumice fragments and crystals from the 1991 eruption (Table 7.2).  Even the fine fraction (<75 


µm) contained a high primary volcanic portion with 27.6% pumice, 14.0% plagioclase crystals and 


22.6% obsidian particles.  This is comparable to that determined by Scasso et al. (1994) for the 


0.062-0.125 mm of the original tephra, which consisted of 87% vitric particles, 13% crystals and only 


rare lithics. The vitric particles were pumice (70%) and cuspate to platy glass shards (30%). Crystals 


were mainly feldspar, olivine, ortho- and clinopyroxene, and magnetite. Biotite, tridymite and 


unidentified iron/manganese oxides were less abundant. 


Table 7.2:  Lithology data for samples of ash-dunes from south west of Puerto Ibanez,  


based on point counts of 500 particles. 
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>800 67.0% 9.6% 10.0% 1.0% 6.8% 0.0% 0.0% 1.2% 1.2% 3.2% 0.0% 0.0% 


425-800 32.8% 5.6% 10.2% 17.0% 16.6% 4.2% 1.6% 2.6% 3.8% 2.8% 2.6% 0.2% 


300-425 22.0% 15.2% 4.6% 20.4% 13.2% 7.0% 1.8% 3.6% 6.0% 2.4% 3.8% 0.4% 
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7.5 Impacts on Agriculture 
In areas that received heavy ashfalls, such as the upper Ibáñez valley, vegetation was often buried, 


resulting in heavy livestock losses.  Re-growth was also not able to stabilise ash against wind erosion.  


In areas downwind with lower ashfalls (<200 mm) such as at Puerto Ibanez, Chile Chico and Los 


Antiguos, vegetation was not totally smothered, however the on-going ash-storms extended the 


duration of ash impacts and the area affected.  The Argentine coastal steppe region received less 


than a few centimetres of ashfall, but was severely affected by ash storms causing significant 


disruption to farming activities and damage in the years subsequent to the eruption.  The wind 


storms created on-going ashfall-like conditions, and additional hazards such as fast moving 


suspended and saltating ash particles that abraded exposed vegetation and livestock.  The extended 


impacts have contributed to a severe depression of the agricultural economy in the region. 


7.5.1 Livestock 
Severe and widespread impacts on livestock from the 12-15 August, 1991, ashfall from Vulcan 


Hudson were reported by various sources, including Bitschene et al. (1993), Rubin et al. (1994), 


Bitschene (1995), and Inbar et al. (1995).  Estimates for total livestock fatalities due to ashfall and 


subsequent ash storms are variable, ranging up to 1 million sheep and thousands of cattle.  The 


effects of ash storms on livestock were the same as those of the primary ash fall (Wilson et al. 


submitted).  


Detailed descriptions of ash storm impact on livestock were collected from interviewed farmers 


across the study region and are summarised here.  Farmers reported major impacts over 90 days 


following the eruption.  Most interviewees recalled that ash-storms had a significant ongoing impact 


on livestock through repeated coverage and destruction of feed for months-years after the ashfall. 


They also suffered gastro-intestinal problems from ingesting ash covered feed.  There was severe 


loading of fleeces with ash, causing exhaustion and commonly death in sheep.  Corneal abrasion 


leading to blindness occurred in extreme cases.  Surface water supplies was also contaminated with 


windblown ash.  In the weeks and months following the eruption farmers in Chile Chico were forced 


to sell their livestock due to uncertainty about pasture recovery and on-going ash storms impacting 


livestock and destroying feed availability (Wilson et al. submitted).  In the steppe region it was 


impossible to evacuate livestock or supply supplementary feed, in part because the poor visibility 


during ash-storms made it extremely difficult to muster livestock (Wilson et al. submitted).   


75-300 13.2% 10.2% 5.8% 23.6% 10.6% 10.4% 4.8% 6.4% 2.2% 4.8% 8.0% 1.6% 


<75 12.6% 14.6% 0.4% 14.0% 8.4% 8.8% 4.8% 2.2% 11.4% 0.2% 22.6% 0.8% 
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The large extensive sheep ranches in the steppe were economically marginal and some possibly in 


decline before the eruption, with herds in poor condition and land typically overstocked (Rubin et al. 


1994; Shaquid Hamer, pers. comm. 2008).  These ranches suffered extreme livestock losses following 


the ashfall and ash-storms.  Fine ash fall, repeated during the subsequent ash-storms covered the 


sparse available feed of native tussock grasses (Festuca spp.), Poa spp. and shrubs, and also 


contaminated surface water supplies (Peri and Bloomberg 2003).  A 120,000 ha ranch close to Perito 


Moreno lost 50% of its 30,000 sheep mainly due to ash ingestion and starvation when animals were 


faced with ash-covered feed and contaminated water supplies.  However losses were greatly 


reduced close to the homestead where livestock could easily be herded, fed supplementary feed and 


taken to water.  In outer areas they were very difficult to rescue.  Dramatic reductions in livestock 


numbers were required following the ashfall and ensuing wind-blown ash storms.  Sheep were sold, 


rented out and some gifted (with the lambs sent back).  A 20,000 ha ranch at Tres Cerros reported 


that in the first 30 days following the ash fall, 50% of its 12,000 sheep were lost.  Following the 


intense period of ash-storms a total of 11,000 animals had perished by the end of 1991. Those that 


remained suffered severe abrasion to their front teeth from grazing ash-covered feed.   


 


7.5.2 Pastures 
Ash storms caused severe impacts on crops and pastures from suspended or saltating ash abrading 


plants, causing plant tissue damage, reducing photosynthetic activity and dehydrating plants 


(Ambrust 1984; Fryrear 1990).  Impacts on vegetation depended on the strength and timing of ash 


storms with respect to the stage of plant development.  Mature plants were most resilient, and 


stems were more resilient than leaves.  New seedlings growing through ash deposits were most 


susceptible, slowing vegetation recovery.  This further reduced feed availability especially for close-


grazing animals.  Cows could reach higher shrubs and trees which were less vulnerable to damage 


from saltating particles.  The worst affected were exposed areas in the lower Ibáñez valley and the 


Argentine steppe between Los Antiguos and the Atlantic coast, where winds were over 120 km/h 


and ash storms cut grass at soil level and “abraded Poplar trees like sand paper” (Don Hector Sandin, 


pers. comm. 2008).  In Tres Cerros it was only around the year 2000 that vegetation began to re-


establish (Don Hugo Ciselli, pers. comm. 2008).   


In the lower Ibanez valley, Puerto Ibáñez and steppe ranches around Perito Moreno and Treo Cerros 


vegetation was covered by c. 20 mm to 3 m of ash sheets or dunes.  Valley paddocks were most 


heavily impacted, where ash smothered all feed.  In the Ibanez valley and Perito Moreno farmers 


most of the ash had blown away or stabilised after 3-5 years (Shaquib Hamer, pers.comm. 2008).   
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Seedlings and young recovering grasses were vulnerable to repeated burial by small dunes 20-100 


mm high.  This was a significant problem between 1991-1994 in the lower Ibáñez valley, Chile Chico, 


Perito Moreno and the Argentine steppe.  The burial of seedlings brings their meristems in contact 


with warm soil surfaces and can accentuate nutrient and water deficiencies, which hampers seedling 


recovery (Michels et al. 1993; Michels et al. 1995).  Buried plants are known to suffer delayed 


development compared to unburied plants and reduced number of tillers and panicle length 


(Michels et al. 1993).  Totally buried plants were starved of sunlight if ash cover was not removed by 


further dune movement or mitigation strategies.    


In Perito Moreno remobilised ash contaminating alfalfa and inhibited harvest of this supplementary 


feed.  Mowers and balers could not operate on the ash contaminated crop due to abrasion and 


clogging of moving parts by fine ash.  Cutter bars and mower blades were commonly ruined.  


Farmers would typically only cut and bale on a calm day, otherwise the feed would simply be 


covered in ash.   


 


7.5.3 Horticulture 
There was no direct damage to crops during the ashfall because it was winter (August) and seasonal 


crops were not growing.  However, the ash storms generated on-going horticultural problems in 


Puerto Ibáñez, Chile Chico and Los Antiguos during the following growing seasons.  Losses and 


failures occurred in crops such as potatoes, tomatoes, garlic, and alfalfa during due to ash cover and 


ash-storm abrasion, even within paddocks protected by poplar and willow tree windbreaks.  Farmers 


without windbreak protection could not grow horticultural crops for around 6 years after the ashfall.  


Some on-going problems remained in this area in 2008 due to windblown ash. 


One of the worst affected areas from ash-storms was intensive pastoral and horticultural farmland 


on the south-west outskirts of Puerto Ibáñez.  Sediment dams in the Rio Ibanez formed following 


deposition of 0.9 km3 of pyroclastic material into the catchment (Banks & Ivan 1991).  A series of 


lahars from dam breaches, combined with channel aggradation at the delta area near Puerto Ibanez 


flooded around 50 ha of river flats used for intensive pastoral and horticultural farming.  


Crops and pastures were progressively washed out and buried by fluvially reworked ash.  Large 


clouds of suspended and saltating ash funnelled eastward down the Ibáñez valley during high wind 


events.  The ash storms stripped fine material from the lahar and fluvial deposits and suspended and 


saltating ash caused repeated heavy abrasion damage to remaining and any recovering vegetation.  


Ash dunes began to form on the area in 2006 and by early 2008 had spread across nearly 120 ha of 
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farmland.  The dunes are >2 m high beside the river, burying fences, and 0.2-0.5 m high in paddocks 


500 m away (Figure 7.5).  In early 2008 the dunes were migrating eastward towards to the lake, 


impacting further farmland.   


In the immediate area, farming operations have been severely disrupted.   Paddocks buried in ash 


dunes were as previously highly fertile with high-yielding tomato, potato and corn crops, and 


pastures for intensive pastoral production (Uylsies Pededa, pers. comm., 2008).  Seeds cannot be 


sown in the coarse lahar deposits and wind-blown sediment constantly abrades or buries new 


growth.  The stocking rate has reduced from around 100 cows in 1991 to 6 in 2008 and all non-


greenhouse horticultural production had ceased.  The cattle suffer continual eye and respiratory 


problems.  Only 30 ha of wind-protected land is farmed in 2008 from the original 150 ha farm.   


 


Figure 7.5: Ash dunes covering pastures and fences at Puerto Ibanez beside the Rio Ibanez in 2008. 


 


Of wider importance to the Puerto Ibanez community is that the affected area is upwind of the 


township and sources ash-storms that affect the town.  Houses on the south-western side of Puerto 


Ibáñez have experienced increasing interior contamination issues since 2006, comparable to the 


intense windstorm period of 1991-1995.  Abrasion damage occurs on greenhouses and on sub-aerial 


horticultural crops.  Farmland to the east is slowly being buried and lost to the advancing dunes.   


Current established windbreaks (Willow and Poplar trees) have proved ineffective at adequately 


mitigating the impacts and temporary wind breaks have been installed.   


The cherry harvest in Los Antiguos was exceptionally poor for several years following the 1991 


ashfall, impacting the Los Antiguos economy and the many people who relied on the cherry harvest 
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(Inbar et al. 1995).  The airborne ash also harmed pollinating insects, reducing the fertility of the 


trees (Johansen et al. 1981; Brown & bin Hussain 1981; Marske et al. 2007).  Bird and bee 


populations were reduced by the strong spring winds and ashy conditions, thus limiting pollination 


and fruit set (Peri & Bloomberg 2002).  


Remobilised ash also had an abrasive effect on apple, peach, pear, and apricot crops.  When ash-


covered fruit was touched during harvest or attempts at cleaning it damaged the fruit.  Tomatoes 


and cherries covered in fine ash coatings following an ash-storm in early 1992 were considered 


contaminated and refused by buyers.  Depressed yields continued for several years, but most 


interviewees agreed they had recovered by 1993-94 as ash-storm intensity and frequency subsided, 


and by 1996-97 the harvests were back to normal.  This was an extremely difficult time for 


orchardists, needing to survive for two seasons without income, relying on savings and government 


aid.  “Every now and then life was pretty bad in those two years” (Ananias Jonnutz – Productov, 


pers. comm. 2008).  


7.6 Agricultural Mitigation Measures 
Various measures were used to mitigate the effects of ash-storms to agriculture.  The windy 


environment meant many farms close to towns had established windbreaks, and other temporary or 


semi-permanent mitigation strategies were implemented.  Stocking rates and crop production 


dropped due to the effects of ash-storms, but this resulted in little diversification or adaption to 


other crop types.  


 


7.6.1 Wind breaks 
The use of closely spaced poplar and willow tree windbreaks or shelterbelts are a feature of 


intensive horticulture and pastoral agriculture in southern Patagonia to reduce local wind velocity.  


They have enhanced horticultural, crop and pasture production by decreasing soil erosion, reducing 


livestock stress and controlling drifting material over a range of climate and soil regimes (Peri & 


Bloomberg 2002; Nuberg 1998; Sivakumar, 2005).  Crops grown on the lee-side of these established 


windbreaks suffered less abrasion damage and depositional accumulation from ash storms.  Piles of 


ash built up at the base of poplar windbreaks, which needed to be periodically cleaned to stop it 


remobilising.   


In the area to the southwest of Puerto Ibáñez (discussed above) semi-permanent windbreaks were 


hastily erected since 2006 to mitigate the effects of windblown ash (Figure 7.6). The semi-
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permanent wind break system is designed to protect homesteads and greenhouses on the south-


western margin of Puerto Ibáñez township.  They are nested closely beside an established 


willow/poplar windbreak to provide increased protection from damaging saltating particles.  The 


system uses two rows of willows with large logs and aluminium sheets to block the wind, so the 


smaller willows can grow behind them.  The first exposed row is often strongly abraded, so acts 


mainly as a barrier to allow the second row of willows to grow successfully.  There is enough space 


between each row so that a wheel barrow can be moved between them to clear fine particles.  


Approximately 400 m of this wind break design has been installed.  Apart from the physical barrier 


orientated parallel to the permanent windbreak, the system also uses groins orientated 


perpendicularly to increase surface roughness by providing a baffling effect which reduces wind 


speed and causes particle deposition. 


The farmer-designed and built system provides some protection, but its low height and density has 


been inadequate to protect near-by houses from contamination, and greenhouses and exposed 


horticultural crops from damage.  Windbreaks are unable to grow fast enough (i.e. over 18-24 


month) to provide adequate protection for recent problems.  Some assistance was given to small 


farmers for windbreaks in this area to control remobilised ash.   


 


7.6.2 Re-vegetation of ash deposits 
Throughout the study area farmers strove to re-vegetate ash covered soils impacted by ash-storms 


to re-establish feed for livestock and stabilise the ash and reduce ash-storms.  Vegetation recovery 


stabilized ash deposits by reducing wind velocity at the ground surface, intercepting rain drops, and 


binding ash particles together with root systems and humified organic matter (Folsom 1986; He et al. 


1993; Sivakumar, 2005; Peri & Bloomberg 2002).  Surface crop residues also reduce water loss, 


increase soil surface roughness (reduces wind velocity), and shield soil from saltating particles 


(Michels et al. 1995; Armbrust 1984; Sivakumar, 2005).  Decomposition of crop residues also adds 


valuable organic matter to volcanic deposits (Sivakumar, 2005).   


  


B A 


 C 
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Figure 7.6: A: Permanent windbreaks at Puerto Ibanez; B: Temporary windbreak system at Puerto 


Ibanez, C: combining Willow trees with D: metal sheeting as groins.  Images from 2008. 


 


Farmers in the Ibáñez valley could not cultivate thick ash deposits into the soil, but in some instances 


hay mulch was used to increase organic matter in the soil to promoted plant growth and assist 


binding the ash together to form cohesive topsoil.  White-clover (genus: Trifolium) was the most 


successful pasture variety to re-establish in the ash deposit.  In some areas production forestry was 


also established. 


Intensive farmers in Puerto Ibáñez, Chile Chico and Los Antiguos cultivated ash deposits with ploughs 


and rotary hoes into the buried soil.   In the short term, cultivation initially destabilised ash deposits 


by breaking up the resistant rain-compacted crust, but incorporation of the ash into the existing soil 


consolidated and stabilised ash deposits, and has restored soil fertility.  This had to be carried out 


with considerable care, as it could potentially pulverise buried soil, making it more susceptible to 


erosion in dry or windy conditions.  It also removed any remaining vegetation cover binding the soil 


and providing shelter from the wind. A chisel plough was most effective, because it permitted 


cultivation of vegetated surfaces and maintained a rough, well-textured surface (Sivakumar, 2005).  


B A 


D C 
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In depressions and other areas where ash deposits were over-thickened to depths of 400 mm the 


plough was unable to penetrate and farmers waited for the wind to blow some of the ash away 


before ploughing.   


 


7.6.3 Green Houses 
The effects of ash-storms and the slow recovery of pastures lead to a widespread adoption of 


greenhouses by small scale intensive farmers in the Cerro Castillo and Puerto Ibáñez area that 


continues to this day.  This was a key mitigation strategy recommended by INDAP, which provided 


credit assistance to establish the greenhouses.  The greenhouses were successful, providing shelter 


from the effects of strong winds and remobilized ash, although fine ash films must commonly be 


cleaned from plants inside greenhouses.  Lettuces, carrots, beans, onions and herbs are crops 


commonly grown.  It has allowed struggling farms to maintain an income and fresh produce for 


household consumption. 


7.7 Rural town cleanup and ash disposal 
House and business roofs were swept clear of ashfall to mitigate against potential roof-collapse and 


as part of individual clean-up operations.  The resulting piles of ash on roads and footpaths were 


easily remobilised by wind, resulting in additional household contamination, reduced visibility, 


surface water contamination and public health impacts.  Municipal officials in Puerto Ibanez, Chile 


Chico, Los Antiguos and Perito Moreno said a fast and efficient clean up of ash was essential to stop 


remobilisation in the urban environment.   


Ash in towns was typically piled up, loaded into trucks by hand or mechanical diggers and buried at 


ash dumps away from town to prevent further remobilisation.  Dump trucks, graders and diggers 


were sent by Chilean and Argentine regional governments to assist with clean up operations.  These 


operations took 30-60 days, with Chile Chico alone removing around 5 million m3 of ash from the 


town.  Chile Chico and Los Antigos covered dumped ash with soil to prevent its remobilisation, 


whereas at Perito Moreno, without capping, the ash dump suffered remobilisation problems.  Clean-


up operations were complicated by evacuations and semi-permanent migrations out of towns, 


dramatically reducing the available workforce.   


In Puerto San Julian thin ashfall (5 mm; Scasso et al. 1994), its erosion within the town by wind, and 


continued re-deposition of ash from the interior led municipal authorities to decide against a 


community clean-up operation.   
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Fine ash penetrated houses and buildings following each ash-storm.  This contaminated any exposed 


surface (food, clothing and furniture) because fine ash would enter small gaps in the walls, doors 


and windows, or penetrate through the roof.  In the hours and days following each ash-storm the 


atmosphere inside houses was affected by suspended ash particles, at times so dense that electrical 


lights were rendered useless.   


Household contamination in the upper Ibáñez river valley largely ceased by 1995, apparently due to 


the stabilisation and erosion of fine ash in the area.  However in Puerto Ibáñez, household 


contamination continues today, albeit with reduced frequency and intensity.   Residents in Chile 


Chico were required to repeatedly clean their houses, roofs and roof interiors of ash for 8-12 months 


following the eruption.  Household contamination remains a public health issue in Tres Cerros and 


Puerto San Julian, with up to 70 mm of fine ash still trapped in attics and roof cavities (Antonio 


Tomassso, pers. comm., 2008, a cable-television technician).  This was missed during clean-up 


operations but continually contaminates house interiors.     


Mitigation activities included taping around doors and windows, but ash still penetrated into houses.  


Water was boiled regularly to improve dry dusty air inside houses. In many instances the ash needed 


to be hosed off exterior surfaces, as it was too heavy for brooms to effectively remove.  One 


interviewee in Chile Chico reported wearing out three vacuum cleaners cleaning ash from her house 


over an 8 month period. 


7.8 Other Infrastructure Impacts 
Closure and on-going disruption of transport routes occurred due to ash-covered roads, poor 


visibility, and impacts on motor vehicles during ash-storms.  Damage and the risk of damage from 


fine ash ingested into vehicle engines during ash-storms commonly shut down transport of 


commodities.  In Puerto Moreno the closure of roads stopped food, water and milk arriving, because 


before bulldozer clearance the road was not visible beneath windswept ash deposits.  Visibility along 


the main Argentine coastal highway between Commodoro Rivadavia and Puerto San Julian was badly 


affected by ash-storms for 5-6 months.  Even with lights on, motorists could not see during ash-


storms, resulting in a number of accidents.  Remobilisation of ash deposits on the road by vehicles 


and ingestion of ash into vehicle engines also caused significant problems.  Disruption of these vital 


links created a scarcity of food and other fast-moving consumer goods in Tres Cerros and Puerto San 


Julian for weeks to months following the eruption.  In Puerto San Julian the eruption also forced a 


local dietary change, because livestock deaths meant that no sheep were available for slaughter and 


since the roads were impassable, no beef could reach the town from the north.   
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On 2-3 December, 1991, flights from Camet airport at Mar del Plata were cancelled because of 


reduced visibility and mounds of ash blocking runways following an ash-storm (BGVN 1991c; 


Guffanti et al. 2008).  For several years following the eruption airlines took evasive action to direct 


flight paths away from the zone affected by ash-storms (BGVN 1991c). 


Fine volcanic ash was commonly very damaging when ingested by engines during ash-storms in all 


areas for several years after the ashfall.  It blocked air filters, abraded seals and was highly abrasive 


to moving parts, such as pistons.  Machinery usage and vehicle travel was reduced or avoided during 


ash-storms. Engines required frequent reconditioning, and in some cases a turbocharger would be 


installed to push air out and reducing ash ingestion to the engine.  Ash mixed with engine oil to form 


a paste, reducing lubrication and not allowing oil to be easily drained from the engine.  In extreme 


cases it led to engines seizing and often engines lost power due to the thickened oil and blocked 


filters.  In Tres Cerros air and oil filters and oil were changed every 15 days following the initial 


ashfall and each subsequent ash-storm for up to four months.  Windows and paintwork were also 


damaged by ash-blasting (Don Hugo Ciselli, pers. comm. 2008).  In Los Antiguos and Puerto San 


Julian wet sacks were put over air filters to trap ash.  This apparently worked quite successfully if 


regularly changed or cleaned.  Mechanic, Don Hugo Ciselli (pers. comm. 2008), said much of his time 


in the months following the eruption and initial 4 month period of intense ash-storms was spent 


cleaning motors of ingested fine ash with compressed air.  


Domestic water in Tres Cerros was sourced from wells 100-120 m deep and was hence safe, 


although disrupted when electric and windmill powered pumps were badly impacted by ash-storms 


in a similar way to vehicles.  Windmill bearings were particularly vulnerable to seizing.   


Electricity was turned off for 1 month in Rio Gallegos following the eruption, due to the severe 


remobilisation of ash associated with the strong winds which created fears of ash building up on 


insulators and creating flashover hazards (Sarkinen & Wiitala 1981).  Tres Cerros and Puerto San 


Julian continued to operate their own diesel generators, which worked successfully throughout the 


ashy conditions. Satellite communications in Los Antiguos reportedly failed during the ash-storms in 


a similar way to during snow storms.  HF-radio and telephone systems remained in operation 


throughout. 


7.9 Effects on Human Health  
Following concern about fluoride toxicity from the ashfall, studies by Banks and Ivan (1991) and 


Rubin et al. (1994) evaluated ash leachates, natural waters and grass to conclude fluorine was not 


present at toxic levels.  Fears remained high, regarding the physical impacts of fine suspended ash 
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during ash-storms.  Common complaints included irritated respiratory tracts (especially in children 


and asthmatics), irritation of eyes and skin (with effects similar to sunburn), along with bronchial 


problems and allergies.  On-going ash remobilization by wind for years after the eruption greatly 


prolonged exposure to fine grained ash.   By comparison, Williams and Young (1999) estimated as 


much as 20% of South Australia’s asthma problems are linked to dust in the air, with 8.5 days on 


average per year when dust load is sufficient to trigger an asthma attack. 


Most people stayed indoors during ash-storms.  Work attendance dropped due to additional time 


spent house cleaning, illness, or inability to travel.  Civil Defence authorities in most communities 


distributed masks (which were not always available) after the eruption, and recommended the use 


of goggles in the ashy conditions.  In areas such as Puerto Ibáñez and Tres Cerros, masks were still 


required in 2008 due to ash storms.  In some cases the masks provided were inappropriate for 


dealing with the fine ash particles.  Sophisticated masks designed to protect against chemical 


weapons were donated to Los Antiguos from Israel, but these took weeks to arrive, and were rapidly 


blocked by fine ash.  Many of the masks sold were not capable of filtering fine ash, so multiple masks 


had to be worn at once.  In some cases when authorities advised masks were be required, 


entrepreneurs brought all available masks and sold them on at inflated prices (Luis Fernando 


Sandoval Figueroa, pers. comm. 2008).  Bitschene (1995) noted that Chile Chico hospital did not 


record any elevated rates of sickness or mortality in the months after the eruption. No health 


assessment has been made in the area following the eruption. 


7.10 Evacuation and Relocation 
Fears of health impacts and household contamination by ash was cited as a primary reasons where 


families temporarily evacuated or permanently relocated from areas exposed to ash-storms. 


In the upper Ibáñez valley area farmers were typically forced to evacuate due to the severe 


conditions created by the ashfall, and attempts to return during the first 3-4 years were thwarted by 


intense remobilisation of ash deposits in ash-storms.  


The role of ash-storms in the displacement of farmers in the lower Ibáñez valley was more complex.  


In areas receiving 300-500 mm of ash fall, farmers usually evacuated.  They were forced to remain in 


temporary housing for up to 3-4 years, periodically returning to check on farms and homesteads, 


while ash-storms suppressed vegetation recovery and contaminated homesteads.  Ash-storms 


eventually eroded enough of the ash deposits to allow vegetation recovery by 1994-95 and 


subsequent repatriation. 







204 
 


No large-scale human evacuation initially occurred from the Puerto Ibáñez area, although some 


families evacuated to Coihaique immediately following the eruption.  Over 600 people (mainly 


women and children) were evacuated from Chile Chico, Los Antiguos and Perito Moreno several 


weeks after the ashfall due to ash storms creating strong public health concerns (Bitschene, 1995).  


Men stayed behind to clean up and manage farms, businesses, or municipal services.  There were 


also fears of further heavy ashfall affecting the area.  The elderly and young children were evacuated 


from Chile Chico to Coihaique at the end of August for around 4 months to avoid the ash-storms.  In 


Perito Moreno most farmers remained on their farms during and following the ash, but children 


were evacuated as soon as possible due to health hazard fears.  Visibility was very poor from high 


concentrations of suspended ash carried by strong winds, so evacuation traffic from the towns had 


to wait for a period of good visibility before leaving.   


Widespread evacuation of remote, extensive farming steppe areas surrounding Chile Chico, Los 


Antiguos, Tres Cerros and Puerto San Julian occurred due to the ashfall and intense initial ash-


storms.  Farmers initially left temporarily to towns and relatives due to ash storm contamination 


making living conditions very difficult.  This created additional welfare demands in the rural towns 


affected by ashfall.  For example in Puerto San Julian, the municipality provided bedding and food to 


up to 300 evacuated farmers (Alberto James Alder, pers. comm. 2008).  The evacuations ultimately 


became a permanent relocation or abandonment of farms in many cases, because ash storms 


continued to impact vegetation and livestock.  Most went back to check on their farms but 


ultimately concluded sheep farming was no longer viable.   


As many as 80% of extensive pastoral farmers in the steppe were estimated by former Perito 


Moreno agricultural officer Shaquib Hamer (pers. comm. 2008) and other local residents and public 


officials to have abandoned their farms due to poor productivity and health effects from wind-blown 


ash.  Former Mayor of Puerto San Julian, Alberto James Alder said approximately 7,000 people were 


forced from their farms in the local area.  In 2008 few farmers remain in the steppe area affected by 


the ash-plume.  Prior to the eruption many of these farms were struggling with dry conditions and 


falling wool and meat prices.  The eruption and on-going ash-storms appeared to greatly accelerate 


their decline and force many from the land.  


7.11 Summary and Conclusions 
Dry, fine, and low density ash was eroded and transported across the southern Patagonian region 


affected by the 1991 Hudson tephra fall.  Finest ash deposits were the most susceptible to erosion, 


especially in the distal portions of the ash fall plume.  In areas with higher rainfall in the Andean 
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region (upper Ibanez valley) ash deposits stabilised the most rapidly due to rainfall compaction and 


enhanced vegetation growth. Semi-arid regions around Perito Moreno and in the Argentine steppe 


took the longest to recover.  Destruction of vegetation and suppression of vegetation growth 


occurred when ashfall was >100 mm. This also reduced surface friction allowing increased wind 


erosivity.  Stabilisation of ash deposits was aided by tillage into buried soils.  Thin ash deposits were 


most rapidly stabilised, but thicker deposits remained highly erodible for years.  Fluvial erosion of 


tephra deposits occurred contemporaneously with wind erosion.  Lahar deposition at Puerto Ibanez 


stockpiled sediment which was later a significant source for wind erosion.   


Ash-storms following the 1991 eruption of Vulcan Hudson created significant and on-going impacts 


on rural communities in southern Patagonia, prolonging the duration of their recovery from the 


disaster. This highlights that impacts from significant ashfalls do not end with the eruption, several 


years of continued destruction may follow.   Ash storms repeatedly buried farmland under ash 


dunes; abraded vegetation; contaminated feed supplies, generated animal health impacts (tooth 


abrasion and gastro-intestinal problems, blindness, impeded movement and exhaustion). It also 


eroded topsoils and filled irrigation canals and stock water supplies with ash.  These impacts forced 


adjustment and abandonment of some farming practises.  The widespread and heavy ashfall, 


combined with on-going ash-storms forced a major reduction in livestock and abandonment of 


farms across the region.  Despite having received relatively thin ashfalls this was a major problem in 


the downwind distal parts of the ash plume,. Wind erosion provided some benefits in places, by  


reducing the thickness of ash deposits to allow faster and/or more effective recovery of pasture and 


crops. 


Windbreaks were effective at protecting horticultural and pastoral production, and greenhouses 


provided a useful addition to farm incomes.  Mechanical cultivation served to stabilise ash deposits 


in intensive agricultural areas.  However large scale sediment stabilisation programs were not 


implemented due to the large areas that would have required treatment, economic constraints, and 


the sparse population.   


Some farms failed through continual low production, or destruction of their livestock, soil or pasture.  


However, others have remained in the impacted area, with some thriving.  Farmers who cultivated 


soils and/or installed greenhouses appear to have been most successful.   


Rural towns and lifelines were badly impacted, with major town cleanup activities required to 


stabilise ash deposits, this forced limited evacuations, caused public health problems, and covered 


roads and reduced visibility caused disruption to transport links.  Perceived public health impacts, 
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and uncertainty around them were an important driver of short-term evacuation and permanent 


relocation decisions, although on-going impacts on agricultural productivity were probably the main 


factors.   


Remobilisation of ash deposits by strong winds in semi-arid southern Patagonia has had severe and 


on-going impacts which should be anticipated by civil defence and emergency management 


authorities in areas of similar environmental conditions that are exposed to high volcanic hazard.  


Disaster risk reduction should not simply be focused on direct ashfall impacts, but include the effects 


of ash-storms.   
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Overview 


Widespread ashfalls following a volcanic eruption have the potential to seriously disrupt pastoral 


farming, threatening the welfare of potentially thousands of livestock.  This has prompted 


consideration of the practicality of evacuating the large numbers of livestock likely to be affected 


following a large volcanic eruption, particularly whether there was sufficient transportation capacity 


to evacuate livestock before they perished.  Chapter 3 presents a simplistic model that estimates the 


scale of time, money and logistics required to evacuate dairy cows from a large eruption from 


Taranaki volcano in New Zealand.   


 


Contributions 


Mr. Wilson developed the idea for the project following discussions with the New Zealand Ministry 


of Agriculture and Forestry, conducted the literature review, geospatial modelling and wrote the 


manuscript.  Dr. Andre Dantas provided instruction in the use of TransCAD and ArcGIS software for 


the evacuation modelling.  Dr. Dantas also advised on model design and provided in-depth 
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discussion of the results and review of the manuscript.  Prof. Jim Cole offered discussion of the 


model parameters and provided in-depth review of the manuscript.   


3.1 Abstract 


Livestock evacuation from farms affected by volcanic ash fall during or following a moderate to large 


volcanic eruption at Taranaki volcano would pose serious logistical challenges to emergency 


organisations.  The volcanic hazards present during the eruption (such as volcanic ashfall) have the 


potential to significantly disrupt farming and transport operations in widespread areas both near to 


and far from the volcano. This paper presents a simple model that estimates the time and resources 


required to evacuate dairy cows from a large eruption from Taranaki Volcano in New Zealand.  


Whilst intended to highlight the scale of time, money and logistics required for a large livestock 


evacuation, the model also provides a first step towards the development of a more comprehensive 


model which can be run during periods of volcanic crisis to aid decision making. 


The model estimates that for a total evacuation of cows from dairy farms impacted by 100 mm of 


ash fall 208,000 cows would need to be evacuated and it would take at least 43,600 man-hours and 


cost >NZ$2,000,000.  It would take 264 livestock truck and trailer units to evacuate this number of 


cows in 7 days, or 88 units in 21 days.  It is therefore recommended that large-scale livestock 


evacuation and relocation should not be considered in future volcanic crisis planning, due to the 


extraordinarily large logistical requirements a large livestock evacuation would require in terms of 


time, livestock evacuation transport units, and lack of capacity of farms in surrounding regions to 


support the massive influx of additional livestock.  


3.2 Introduction 


Agricultural production provides a significant proportion of New Zealand’s economy (4.3% of GDP; 


Statistics New Zealand 2007).  Within the agricultural industry, livestock farming represents a 


significant component and livestock evacuation following a moderate to large volcanic eruption 


would pose serious logistical challenges to emergency organisations.  The volcanic hazards produced 


during the eruption (such as volcanic ashfall, pyroclastic flows and lahars) have the potential to 


significantly disrupt farming and transport operations.   Under these conditions, evacuation of the 


large number of livestock necessary from the impacted areas will be extremely difficult because of 


feed cover by ashfall, potential damage to farm equipment and transport infrastructure, the very 
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limited transportation capacity and availability of farmland to receive and sustain evacuated 


livestock.   


The efficient evacuation of livestock involves significant planning, and one of the significant key 


decisions faced by emergency managers with agricultural responsibilities when faced with a volcanic 


crisis is whether to commit resources to evacuating livestock from impacted farms. This has 


prompted hazard managers and agricultural experts to express concern over whether livestock 


evacuation would be possible during a volcanic eruption.  For example, during the 1995 Ruapehu 


eruption, New Zealand Ministry of Agriculture and Forestry (MAF) discussed the feasibility of 


evacuation for affected pastoral farms, but ultimately discarded it as impractical (Mr. P. Journeaux, 


pers comm. 2006).  


Two case-studies of livestock evacuations in New Zealand following natural hazard events are 


analysed.  A review of available literature indicated there have been no other studies investigating 


livestock evacuation in New Zealand.  The paper then presents findings from a pilot study evaluating 


the feasibility of evacuating livestock following a moderate to large sized explosive eruption from 


Taranaki volcano, New Zealand.  The model uses geospatial platforms and traffic simulation software 


as tools to gain a quantitative understanding of the number of animals required to be evacuated 


utilising a farm animal database, the time it would take to evacuate livestock (loading/unloading and 


travel time), and the transportation resources required for such an operation. These provide insight 


for a foundation upon which to base future planning in the event of a real crisis.  


3.3 Case Studies of Recent Natural Hazard Events in New Zealand 


Which Required Livestock Evacuation 
Two case-studies are presented as examples of previous livestock evacuations that have occurred in 


New Zealand following severe ‘rapid on-set’ natural hazard events.  The first illustrates potential 


impacts following a large volcanic eruption and the second details a modern livestock evacuation 


due to flooding.   


 


3.3.1 1886 A.D. Tarawera Eruption  
Ashfall from the 10 June, 1886 eruption from Tarawera volcano, Bay of Plenty, (Figure 3.1) had a 


significant impact on young, developing pastoral farms and gives some insight into how a large 


modern day volcanic eruption may impact pastoral livestock.  Most of the pastoral farms affected 


were located in eastern Waikato and Bay of Plenty and were exposed to basaltic ash falls ranging 
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from 12 mm at Tauranga to 75 mm at Te Puke, and 75-100 mm between Matata and Whakatane 


(Figure 3.1; Nairn 2002).  


 


Figure 3.1: North Island of New Zealand showing Taranaki and Tarawera volcanoes, and locations 


of livestock evacuation sites following the 1886 Tarawera eruption. 


 


Pastoral farmers in the distal Bay of Plenty region found that up to ten millimetres of ash fall did not 


completely prevent livestock from grazing.  However in the heavier ash fall areas closer to the 
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volcano pastures were totally covered by ash fall preventing grazing.  Matters were made worse by 


severe problems in finding feed for the affected livestock (primarily sheep, cattle and horses; Keam 


1988).   


Farms with supplementary feed were able to maintain the majority of their livestock, but many 


farmers became desperately short on extra feed stocks within days of the eruption.  Farmers either 


had to bring in supplementary feed from outside the affected area to offset shortfalls in local 


supplies, evacuate livestock for pasturing elsewhere, or sell the livestock (Keam 1988).    


Many farmers chose to evacuate livestock to Tauranga and Whakatane ports (Figure 3.1), but many 


animals died while walking to these ports.  Government assistance was sought for evacuation and in 


providing funding for supplementary feed purchase.  A recommendation was made by agricultural 


officers that badly affected (starving and in extreme poor condition) animals be slaughtered and two 


thirds of livestock in the Whakatane district be evacuated (Keam 1988).  Several thousand livestock 


(mostly sheep and cattle) were evacuated by steamer from Whakatane and the government owned 


reserves of Tiritiri and Motuihe islands were used for pasturing some of the evacuated animals 


(Keam 1988).  Many large farms outside the affected area accepted livestock or provided 


supplementary feed.  The total number of livestock evacuated may have exceeded 20,000 (Keam 


1988). 


After the first week, rain in the Bay of Plenty removed much of the ash.  This allowed access to a 


substantial amount of grass and greatly reduced the pressure on livestock.  Evacuations continued 


by ship well into July, nearly 6 weeks after the eruption (Keam 1988).   


 


3.3.2 2004 Southern North Island Floods 
One of the most common natural hazards to impact farms in the past five years in the central North 


Island has been flooding.  In 2004, 111 dairy and 1550 sheep and beef farms in the southern North 


Island were affected by flooding (MAF 2004).  Road closures from flooding damage affected milk 


collection from a further 1400 dairy farms (MAF 2004).  This necessitated an industry-driven (Dairy 


NZ and Federated Farmers) evacuation of dairy cows from badly affected farms by truck and trailer 


units (Mr. P. Journeaux, pers comm. 2005).  Approximately 20,000 dairy cows were moved out of the 


area, generally further north into the Waikato and Bay of Plenty (Figure 3.1; MAF 2004).  The dairy 


herds were taken to non-impacted farms which received the milk produced by the evacuated herd in 


return for grazing and care of the animals.  When the impacted farm was operational again, the 
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cows were returned.  The Ministry of Agriculture and Forestry provided financial assistance for the 


transportation of these animals (MAF 2004). 


 


3.4 Livestock Evacuation  
Any livestock evacuation as a result of a natural hazard event will be carried out under significantly 


different conditions to normal transportation or logistical operations.  The evacuation and 


emergency logistics response to Hurricane Katrina in the USA (i.e. bringing in aid to New Orleans) 


illustrated that normal logistical systems and planning are dramatically affected by extreme natural 


events (Holguin-Veras et al. 2007).  They compound impacts and significantly reduce the efficiency 


of components of logistics systems because of the: (1) large volumes to be transported; (2) short 


time frames of response to prevent loss of lives and property; and (3) major uncertainties about 


what is actually needed and what is available at the site (Holguin-Veras et al. 2007).  


 


3.4.1 Decision to Evacuate Livestock 
The decision by a farmer to evacuate livestock from their farm during a volcanic crisis is likely to be 


influenced by: 1) financial considerations, i.e. the cost of transport and lost production versus the 


risk of suffering livestock losses; and 2) the volcanic hazard, i.e. the style and magnitude of the 


eruption, and the direction and strength of wind at the time of the eruption which will control where 


and how much ash falls. There are also emotional considerations, as most farmers have a close bond 


with their livestock and are unlikely to want to lose them (even for a short period of time).   


Where and when ash will fall is usually highly uncertain before any volcanic eruption, so it is unlikely 


any farmer or emergency manager will decide to evacuate livestock before ash has fallen on 


farmland.  Therefore, a key factor in evacuation decisions is what thickness of ash fall a farmer 


(and/or emergency manager) will decide is too great to continue keeping livestock on the farm.  


Further factors that will influence a decision to evacuate include the accessibility of hazard 


information and farmers’ understanding of how volcanic ash fall may impact their farm.  Whilst it is 


unlikely volcanic monitoring systems will provide forecasts or predictions for duration or magnitude 


of future volcanic activity, any information the farmer receives (whether official or anecdotal gossip) 


on further ash falls is likely to have a bearing on the validity of the decision to evacuate.   
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Physical constraints will also influence the evacuation decision.  Availability of evacuation 


transportation (such as livestock truck and trailer units), road network availability (as evacuation of 


people will take top priority), and availability of unaffected farms to receive evacuated livestock will 


be key factors.  If all are available, even at an early stage in an eruption, the evacuation decision may 


encourage a decision at a lower ash fall thickness.   


 


3.4.2 Evacuation Time 
The total time required to evacuate livestock will be dependant on efficient and effective co-


ordination between farmers and emergency managers, which includes impact assessment and 


transport deployment systems.  It will be crucial for all parties to know: 


 What livestock require evacuation (i.e. those able to survive for a period of time versus 


others too incapacitated for evacuation or have perished)? 


 What transportation resources are available and suitable? 


 Which transportation resources can be employed?  Transport networks are likely to be 


disrupted following an eruption by impacts from volcanic hazards and other transport 


network users.  


 Where destinations for evacuated livestock are situated? 


 


Communication of this knowledge will be a significant challenge.  Communication networks may be 


disrupted and many people and organisations will be operating at a reduced level of situational 


awareness.  For example bridges maybe destroyed by lahar hazards which carry telephone lines and 


cell tower operation on Taranaki volcano may be disrupted. 


All of these issues have the potential to change dramatically throughout any evacuation as roading, 


vehicle, animal health, farm availability and volcanic hazard conditions change over the duration of 


evacuation.  They will be further complicated by additional concerns such as priority assignment for 


certain livestock holding higher genetic and monetary value, and government assistance (which 


could range from transport subsidies through to livestock replacement assistance). 
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3.4.3 Impacts to Evacuation Vehicles and People 
Volcanic ash is highly abrasive, potentially corrosive, very fine grained and easily remobilised (Blong 


1984).  It can easily enter or be sucked into engines and mechanical parts, causing damage and even 


failure (Neild et al. 1998).  The risk of further volcanic activity or subsequent lahar hazards would 


also be a significant health and safety concern for people and animals (Neild et al. 1998).   


 


3.4.4 Development and Dissemination of Traffic Management Plans  
The difficult task of rapidly organising a large scale evacuation is highlighted by the logistical 


problems experienced during and following Hurricane Katrina (Holguin-Veras et al. 2007).  When 


faced with supplying New Orleans with aid supplies, the US Federal Emergency Management Agency 


(FEMA) struggled to adequately identify enough staging and drop off points, suffered problems with 


asset visibility (location, status and movement of assets), could not track movement of trucks, and 


found it difficult to secure enough transport to adequately supply requirements (Holguin-Veras et al. 


2007).   


Problems were further complicated by truck operators evacuating the New Orleans area due to fears 


of damage and injury before the landfall of Hurricane Rita (which followed Hurricane Katrina several 


weeks later, although it did not greatly impact New Orleans).  This severely hampered readiness 


efforts (Holguin-Veras et al. 2007).  A similar experience may occur during a volcanic eruption 


induced livestock evacuation if on-going eruptive activity occurs (e.g. Turner et al. 2007; Jenkins et 


al. 2007). 


 


3.5 Using a Traffic Modelling Package to Estimate Livestock 


Evacuation Behaviour 
Emergency managers and transportation officials are increasingly using traffic modeling packages to 


aid in evacuation planning and operation. Such tools provide a means of estimating evacuation 


times, developing traffic management and control strategies, and identifying evacuation routes 


(Rathi & Solanki 1993; Chang 2003; Moriarty et al. 2007).  


Southworth (1991) has recommended several informational requirements for realistically simulating 


traffic flow during emergency conditions: 


 Accurate description of the transportation infrastructure, especially the highway network; 
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 Accurate description of the spatial distribution of the population by time of day and type of 


activity; 


 Accurate representation of vehicle utilisation during an emergency; 


 Accurate representation of the timing of the public response to an emergency, and how the 


timing varies by location and current activity at the time of learning of the threat;  


 Accurate representation of evacuee route and destination selection behaviour; 


 Accurate representation of any traffic management controls that may be incorporated 


within the evacuation plan; and 


 Accurate representation of any non-evacuation based protective action taken by a 


significant number of population sub-groups within the at-risk area. 


 


3.6 Taranaki Eruption Livestock Evacuation Scenario 
The model uses an eruption scenario based on the 5,700 B.P. Inglewood eruption of Taranaki 


volcano.  This eruption scenario has been selected due to the high concentration of dairy farms near 


Taranaki volcano, the high likelihood of a future eruption at Taranaki (Turner et al. 2007), and the 


relatively large magnitude of the eruption (Neall 1972).   


 


3.6.1 Inglewood Eruption  
Eruptions from Taranaki Volcano (TV) are the primary volcanic hazard for the Taranaki region, given 


its close proximity to urban and rural communities and frequent eruptive activity in the past (Turner 


et al. 2007).  The ash from the Inglewood eruption was mapped and discussed by Neall (1972), and 


Franks (1984).  Alloway et al. (1995) presented an isopach map of its distribution (Figure 3.2), with 


ash distributed to the north-east of the volcano as far as the Waikato lakes (Lowe 1988).   
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Figure 3.2: Distribution of ashfall from the Inglewood Eruption Scenario (modified from Alloway et 


al., 1995) 


 


3.6.2 Livestock Evacuation Scenario 
The evacuation scenario makes a number of assumptions: 


 a decision has been made to evacuate dairy herds affected by the eruption (i.e. it is not a 


preventative or readiness measure); 


 farms impacted by 50 mm of ash fall have been selected to be evacuated; 
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 ash thicknesses are assumed to have fallen in one discrete event or the farm has been 


able to maintain the dairy herd up until the 50 mm thickness of ash was reached; 


 dairy cows are evacuated by existing livestock truck and trailer units, designed 


specifically for cow transport  (with 40 dairy-cow transport unit in double stacked 


configuration); 


 dairy cows are assumed to be assembled in livestock yards ready to be loaded as soon as 


livestock transport arrives; 


 only dairy cows are accounted for within this livestock evacuation; 


 only the state highway network is used for the evacuation; 


 dairy cows are evacuated to urban centres more than 200 km from Taranaki volcano, as 


it is prudent to evacuate a significant distance from the volcano (this also assumes 


livestock will be re-distributed from urban centres); and 


 no urban centre (destination) that had received 2 mm of ash fall from the eruption is 


considered as a destination. 


Some of these assumptions simplify the complex nature of a large livestock evacuation.  The reality 


is that evacuation conditions and resources could be much worse. 


 


3.6.3 Methodology 
The number of farms and dairy cows within the 50 mm ash fall isopach of the Inglewood eruption 


are presented in Table 3.1.   


 


Table 3.1: Dairy farms within the 50 mm isopach of the Inglewood eruption.  


Dairy farms impacted by 50 mm or more of ash 528 


Total area of dairy farms impacted by 50 mm or more of ash 77,199 ha 


Population of dairy cows impacted by 50 mm or more of ash  208,438 
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3.6.3.1 Evacuation Transport 


The number of trucks assigned to each farm is based on each truck and trailer unit carrying 40 cows.  


If the number of animals per truck is lower, the product will be rounded up or down depending on 


the livestock evacuation plan being used (see below).   


The scenario assumes the livestock trucks operate on a 24 hour basis (i.e. using a rotation of drivers 


to keep the trucks operating at 100% efficiency).  There has been no specific consideration within 


the model for downtime of trucks for fuelling or maintenance – for simplicity these are included 


within the loading time parameter. 


The availability of livestock transportation vehicles in the Taranaki region is a key constraint on any 


large scale evacuation of livestock.  Depending on the amount of warning and preparation time 


additional transportation units could be obtained from surrounding regions.   


3.6.3.2 Loading Time 


The model assumes that dairy cows are in the yards ready to be loaded onto trucks when they 


arrive.  It assumes all farms and destination centres have a livestock loading ramp and livestock 


yards.  Loading/unloading time is assumed to be 1.5 hours per truck and trailer unit at each farm.  


This includes loading/unloading the cows onto/off both the truck and trailer and manoeuvring time 


(i.e. backing onto the loading ramp). 


3.6.3.3 Destination 


The livestock evacuation model assumes that each destination centre is 200 km from the volcano 


and has received less than 2 mm of ashfall.  It also assumes stockyards that can unload trucks and 


allow redistribution of livestock.  The model assumes the need for a rapid evacuation with limited 


transport assets, so livestock are taken to these destination centres for later distribution to 


surrounding farms.  This also removes the need to consider the capacity of destination farms to 


receive livestock within the model.   


3.6.3.4 Road Network 


The model for evacuation uses the state highway network (Figure 3.3).  Dairy farms that required 


evacuation of livestock were linked to the nearest node of the state highway network by a GIS and 


this distance was included in the distance required to be travelled by each truck from the evacuation 


origin (farm) to the evacuation destination (urban centre).  This creates a network between all 


evacuation origins and evacuation destinations.   
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Figure 3.3: Screen shot of the livestock evacuation model  


 


By evacuating livestock to urban centres (Figure 3.3) livestock are immediately removed from the 


danger zone.  They may be later distributed to destination farms as livestock are removed from 


danger zones and more transport becomes available. 


3.6.4 Livestock Evacuation Scenarios 


The unique abilities of a traffic modelling-GIS based package allows for effective management of the 


evacuation, by planning the most efficient routes, calculating impedance within the traffic network 


(congestion), and prioritising livestock pickup and delivery.  The traffic modelling can be 


continuously updated as the situation on the ground changes and be used to plan for future 
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contingencies.  Several livestock evacuation scenario options have been investigated with the model 


to determine which is the most successful.  These are described below: 


1) Scenario 1 - Full Evacuation 


Trucks that do not receive a full load of cows from one farm travel to the next available farm and 


load till they are full. 


2) Scenario 2 – Full Efficient Evacuation 


This provides only enough trucks to each farm so truck and trailer units receive a full load.  For 


example, if a farm has a herd of 346 dairy cows, then 8 truck and trailer units will be provided (to 


take 320 cows).   


3) Scenario 3 - Partial Herd Evacuation 


This option assumes that only 50% of each herd is evacuated, rounded up to a multiple of 40 


(creating full transport units).  This plan attempts to reduce the huge logistical challenge a full animal 


evacuation would entail and allow for a more rapid evacuation and reduce pressure on destination 


farms.  It allows impacted farms to attempt to manage with a minimal dairy herd and allows for the 


possibility of culling low-value livestock. 


 


3.6.5 Evacuation Transport Network Analysis: Calculation of Estimated 


Truck Travel Time and Cost 


3.6.5.1 Traffic Assignment Options 


A key benefit of using a traffic modelling-GIS based package to assist in managing a livestock 


evacuation is the ability to factor in the traffic loadings on the roads used by the transport units for 


evacuating livestock.  Given the small number, it is unlikely there will be enough livestock truck and 


trailer units on the road in any one place to cause undue congestion, other than at evacuation 


centres.  For this reason it may be more efficient to distribute trucks to a number of evacuation 


destination centres, rather than just the centre closest to the farm. 


Traffic assignment models are used to estimate the flow of traffic on a network (Ortuzar & 


Willumsen 1994).  These models input a matrix of trips that indicate the volume of traffic between 


origin and destination.  Trips are loaded onto the network based on the travel time or impedance of 


the alternative paths that could carry this traffic. 
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Three different types of traffic assignment methods were applied to the traffic network (see below).  


Each method assumes different driver behaviour and control on the traffic network.  For further 


information and applications on traffic assignment methods refer to Ortuzar & Willumsen (1994).   


1) All or Nothing:  All trips are assigned to the lowest travel cost path without any 


consideration of traffic capacity or traffic control within the 


network; 


2) User Optimum:  Trips are assigned to paths taking into consideration that drivers 


will attempt to minimise individual travel costs (or travel time), 


which incorporate delays and road traffic capacity (i.e. vehicles 


per lane per hour);  


3) System Optimum: Trips are assigned to paths in order to minimise the total travel 


costs of all drivers, based on the assumption that traffic can be 


controlled or managed in such a way that the most efficient 


operation occurs within the network. 


Mathematically the traffic assignment optimisation problem can be described as shown in Equation 


1.  


 dxfcT aa


La


fa


 




0


 


subject to 







La


pqpqr dh ,  QqPp  ;  


 




pq Rr


a


pqrpqra


pq


hf  ,  Aa  


Where 


T =  total network cost; 


pqrh =  traffic flow from origin p to destination q on the route r; 


(1) 


(1a) 


(1b) 
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 aa fc = travel cost on the link a for a flow fa 


pqd =  demand for trips from origin p to destination q; 


a


pqr =  1 (if the link a is on the route r from p to q) or 0 (otherwise); 


L=  set of links in the network; 


P=  set of origin nodes; 


Q=   set of destination nodes; and 


A=  set of links as part of route; and 


dx=  infinitesimal increment in flows on the network.  


 


3.6.5.2 Calculation of Travel Time 


Based upon the network traffic assignment, individual traffic routes between the evacuating farms 


and the evacuation destination centres are computed.  The routes judged to be the most acceptable 


by the particular traffic assignment were presented as the travel time component of total livestock 


evacuation time requirement (Equation 2).  This figure was doubled (reflecting the original trip from 


the destination centre). 


pqpqpq cTLTE *2  


Where 


pqTE = Total travel time evacuation for a route from origin (farm) p and destination 


(evacuation centre) q; 


pqTL = Loading/unloading time for a route from origin (farm) p and destination (evacuation 


centre) q; 


pqc = Travel time evacuation for a route from origin (farm) p and destination (evacuation 


centre) q; 


 


(2) 







62 


 


The network total time (NTT) in man hours required for each evacuation plan is calculated with 


Equation 3. 



p


pq


q


TTENTT  


 


3.6.6 Results 


3.6.6.1 Total time (duration) required for Evacuation Scenarios (in man-hours) 


Each evacuation scenario (Table 3.2) shows each evacuation plan will take a very long time to 


complete.  As expected reducing the required number of livestock to be evacuated dramatically 


reduces the time required.  For example Scenario 1 requires a total of 44,383 man-hours compared 


to Scenario 3 which requires a total of 23,146, when using the “User Optimal” traffic assignment 


method.  


Table 3.2: Comparison of time between the evacuation plans in terms of man-hours (note these 


are total times) 


Scenario 
Plan 


Truck 
Pickups 


Loading/Unloading 
Time 


Traffic 
Assignment 


Method 


Travel Time Total Time Stock 
Evacuated 


Hours Days Hours Days Hours Days 


1 


 


(Full 
Evacuation) 


5520 16,560 690 All or nothing 27,061 1,127.5 43,621 1,817.5 208,438 


(100%) User optimal 27,823 1,159 44,383 1,849 


System 
optimal 


27,760 1,157 44,320 1847 


2 


 


(Full 
efficient 


evacuation) 


5004 15,012 625.5 All or nothing 24,162 1,007 39,174 1,632.5 200,160 


(96%) User optimal 24,698 1,029 39,710 1,654.5 


System 
optimal 


24,641 1,027 39,653 1,652.5 


3 


 


(Partial 
evacuation) 


2902 8,706 363 All or nothing 14,013 584 22,719 947 116,080 


(56%) User optimal 14,440 602 23,146 965 


System 
optimal 


14,413 601 23,119 964 


 


(3) 
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The model shows that traffic congestion causes an extra 762 hours in Scenario 1, 536 hours in 


Scenario 2 and 427 hours in Scenario 3 for travel times when the ‘all or nothing’ assignment is 


compared with ‘user optimal’ assignment (Table 3.2).  When the system optimal assignment is used, 


efficiencies of 63 hours in Scenario 1, 57 hours in Scenario 2, and 27 hours in Scenario 3 are 


achieved.   


The ‘All or nothing’ traffic assignment method takes the shortest path without considering 


congestion or other external parameters.  Congestion ratings were applied to the road network to 


simulate congestion at evacuation centres, although these had little influence given the low traffic 


volume (50 trucks over the network).  Whilst the most efficient, this traffic assignment method is 


also the most unrealistic and should not be used when more realistic assignments are available. 


The “user optimum” traffic assignment is more realistic as it considers the capacity of the road 


network and thus allows each part of the transport network to have different behaviour, which is 


similar to what occurs in reality.  In the model, an increased congestion rating was given to roads 


close to final destinations reflecting the congestion livestock trucks would create at favourable 


evacuation centres.  This resulted in the GIS assigning some evacuation trips to evacuation centres 


further away from origin farms for greater time efficiency.  


‘System optimal’ traffic assignment allows for coordination by assuming complete external control, 


and therefore it should be the most efficient assignment.  However this becomes unrealistic as 


people will not behave totally in accordance with external control, unless they are operating under 


command of an evacuation controller (external control of the network).   


Little difference to the ‘user optimal’ traffic assignment was achieved given the low traffic numbers 


on the network (Table 3.2).  Benefits would be greatest if significant congestion occurred on the 


network, such as human evacuation traffic or bridge collapse (e.g. from lahar hazards). 


3.6.6.2 Cost of Evacuation Transport 


The cost of using evacuation transport has been calculated using travel time base values from Land 


Transport New Zealand (2005), and these costs are presented in Table 3.3.  Heavy Commercial Driver 


time cost ($20.10/hr) and Heavy Commercial Vehicle II vehicle and freight time cost ($28.10/hr) have 


been combined to give a total time cost of $48.20/hr (Land Transport New Zealand 2005).  The 


results show there would be significant costs associated with any evacuation.  Note that this does 


not include economic disruption costs, which for example would be expected from the dedicated 


use of transport assets for only evacuation use, disruption to dairy farming, and other wider 


economic effects. 
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Table 3.3: Cost of Evacuation Transport ($NZ) 


Scenario Plan Estimated Loading/ 
Unloading Time Cost 


Traffic 
Assignment 


Method 


Estimated Travel 
Time Cost 


Total Estimated 
Evacuation Transport 


Cost 


1 


 


(Full 
Evacuation) 


NZ$ 798,192.00 All or nothing NZ$1,304,340.20 NZ$ 2,102,532.20 


User optimal NZ$ 1,341,068.60 NZ$ 2,139,260.60 


System optimal NZ$ 1,338,032.00 NZ$ 2,136,224.00 


2 


 


(Full efficient 
Evacuation) 


NZ$ 723,578.40 All or nothing NZ$ 1,164,608.40 NZ$ 1,888,186.80 


User optimal NZ$ 1,190,443.60 NZ$ 1,914,022.00 


System optimal NZ$ 1,187,696.20 NZ$ 1,911,274.60 


3 


 


(Partial 
evacuation) 


NZ$ 419,629.20 All or nothing NZ$ 675,426.60 NZ$ 1,095,055.80 


User optimal NZ$ 696,008.00 NZ$ 1,115,637.20 


System optimal NZ$ 694,706.60 NZ$ 1,114,335.80 


 


 


3.6.6.3 Transport Assets Required for Time-Pressure/Deadline Evacuation 


Different evacuation deadlines were analysed to determine the number of transport assets required 


to successfully complete the evacuation (Table 3.4) using the ‘User Optimal’ traffic assignment travel 


times.  The matrix presented in Table 3.4 demonstrates the enormity of the logistical challenge of 


rapid evacuation (7-10 days) following an ash fall.  After that period of time has passed, it is probable 


that livestock would die from dehydration or starvation without sufficient clean water supplies or 


supplementary feed.  Even if livestock on farms could survive for 28 days, a sizeable portion of New 


Zealand’s livestock truck assets would be required to remove livestock under each evacuation 


scenario. 
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3.7 Discussion 


3.7.1 Implications and lessons from previous livestock evacuations in New 


Zealand 
Farmers and stakeholders within the agricultural sector may demand evacuation of livestock, 


particularly if livestock are suffering significant welfare impacts from ash fall hazards.  Farmers may 


perceive that evacuation is a valid management option given the precedent that has been set with 


recent livestock evacuations during floods in the Manawatu and Bay of Plenty (Mr. P. Journeaux, 


pers comm. 2005; Mr. P. O’Flaherty, pers comm. 2005; MAF 2004).  However, ash fall hazards 


cannot be treated in the same way as flooding hazards.  Moderate to large volcanic eruptions could 


affect hundreds to thousands of farms in the central North Island, while flooding events such as the 


2004 Manawatu floods would impact a comparatively smaller area.  Because of the difference in 


hazardscape, many more farms would need to be evacuated in an eruption, putting significant 


pressure on transport system capacities and capacities of other farms to absorb further livestock.  


During a flood crisis, livestock can be immediately evacuated to higher ground, but during a ash fall 


there will be nowhere for livestock to be immediately evacuated, other than other farm sheds or 


perhaps shelter belts in some instances (Wilson & Cole 2007).   


 


Table 3.4: Total time required for each evacuation plan under different transport availability 
scenarios 


 Stock Trucks Required 


Deadline 7 days 10 days 14 days 21 days 28 days 


Evacuation 
Scenario 1 


264 185 132 88 66 


Evacuation 
Scenario 2 


236 165 118 79 59 


Evacuation 
Scenario 3 


137 97 69 46 34 


 


3.7.2 Discussion of Results 
The model presented above illustrates the extreme difficulty, if not impossibility inherent in 


evacuating the required number of dairy cows in an acceptable period of time from Taranaki farms 


impacted by 50 mm of ash fall from an Inglewood style eruption.  Livestock evacuation would be 


even more difficult if the roading system does not perform according to the many assumptions 
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considered in the modelling exercise. For example, the model does not take into account roads 


blocked by ash fall or whether there is the capacity to receive over 200,000 cows in surrounding 


districts.  It is doubtful whether enough farms could be found to relocate the cows following 


evacuation of the dairy herds, as most New Zealand farms run at maximum possible stocking rates 


for maximum efficiency (Mr. P Journeaux pers comm. 2006).  Introducing dairy cows for more than a 


short period will place significant stress on the resources of the receiving farm, especially its feed 


resources.   


It is more likely and feasible that a small, limited evacuation of livestock of high genetic value and 


diversity could be undertaken from a farm facing an imminent ashfall.  The reality for most farms 


and their livestock is that they will be left to manage as best they can with what supplementary feed 


and clean water supplies they can find.  It is highly likely some farms (especially those badly 


impacted by ash fall i.e., >100 mm) will lose a significant number of livestock (e.g. Wilson & Kaye 


2007).  Indeed by the time pastures have recovered or been re-established a significant breeding 


program is likely to be required to fill the void of the potentially crippling losses that could be 


inflicted. 


The time required to evacuate livestock as estimated by this model suggests the need for at least a 3 


month warning to implement an effective evacuation of all livestock.  It is highly unlikely to have 


such a warning, with volcanic surveillance systems in New Zealand more likely to give useful warning 


in the order of weeks or days for an Inglewood style event. Even then, precursory signs are not 


guaranteed to culminate in an eruptive event.  Furthermore it is highly unlikely farmers or even 


government would be inclined to evacuate livestock given the cost (transport and disruption) before 


near certain evidence existed of an impending eruption.  Even if such precursory evidence did exist, 


it is unlikely livestock evacuation would occur as priority would be given to evacuating people 


(Taranaki Regional Council 2000). 


 


3.7.3 Limitations of the Livestock Evacuation Model 
The following key limitations exist when applying this model: 


- The model does not consider the capacity of farm land surrounding the destination 


towns to support the influx of arriving dairy cows. 
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- There is no consideration of whether livestock truck and trailer units are able to drive 


roads covered with 50 mm of ash; or of bridges and roads being destroyed by pyroclastic 


flows or lahars from the volcano. 


- There is no consideration of other road users, such as emergency services or human 


evacuation traffic. 


- Control of the evacuation, such as determining the priority of which farms are evacuated 


in what order and consideration of evacuating livestock with high genetic or monetary 


value. 


- The model assumes the transport network is clear.  There is no consideration of how 


many livestock have already died, been culled or self-evacuated by farmers before 


evacuation transport arrives. 


- No consideration is made of using roads other than the state highway network.  District 


and local roads may provide more efficient routes than the state highway network. 


- Downtime for the trucks (e.g. driver rest, fuelling or maintenance) is not directly 


considered. 


- The disruption costs of removing livestock from farms and the cost of taking livestock 


transport resources away from normal activities have not been included. 


The assumptions made within this livestock evacuation model (if used during a crisis) should be 


supplemented by local information that could affect the efficiency of the evacuation.  For example, 


destinations which are within the 200 km exclusion zone but are deemed safe to received livestock 


or roads which are being over- or under-utilised.  The limitations identified here suggest the total 


evacuation time and cost could be greater (potentially significantly greater) than estimated by this 


model.  


 


3.8 Conclusions 
The findings from this study indicate a large-scale time-pressured livestock evacuation presents 


significant logistical challenges, particularly in terms of: 
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 Evacuation time - it is unlikely the large number of livestock requiring evacuation could 


be evacuated with existing transport assets before food and water requirements 


become dire. 


 Evacuation transport resources - a significant number of truck and trailer assets would 


be required to evacuate all livestock in a timely manner.  Efficiencies can be gained by 


using a ‘system optimal’ traffic assignment as described here. 


 It is doubtful that farms in surrounding regions, or indeed throughout New Zealand, 


have the capacity to accommodate the large redistribution of livestock described within 


this paper. 


 


These challenges should be considered in any future livestock evacuation planning for natural 


disasters or other extreme event threatening large numbers of livestock.  It is recommended that full 


livestock evacuation is not considered in future volcanic eruptions, especially large magnitude 


volcanic eruptions which deposit a significant amount of ash.   Instead of evacuation, further 


research and planning efforts should be focused on mitigation strategies to allow livestock to survive 


moderate to heavy ash falls, or on considering humane, large-scale destruction methods. 


Further analysis should be made of livestock evacuations in New Zealand and worldwide to better 


understand the constraints of moving significant numbers of animals before, during or following a 


significant crisis, such as a natural disaster.  This may include the capacity of the transport networks 


to sustain the movement; whether there is sufficient availability of livestock-transportation vehicles; 


capacity of the wider regional or national agricultural system to absorb evacuated livestock; the 


capacity of abattoirs to process evacuated livestock; and if sold, the capacity of the livestock market 


to fairly compensate farmers.  Analysis of the agricultural and economic effect of losing a large 


number of livestock (i.e. greater than 100,000) from the national herd should also be considered. 
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EXECUTIVE SUMMARY 


Volcanic ashfall can have serious impacts on water supplies. Freshly-fallen volcanic ash may 
result in short-term physical and chemical changes in water quality, increased wear and 
damage to water delivery systems and a high demand for water during cleanup operations. 
Modern farming operations are critically dependent on their water supplies, particularly 
dairying, which has very high rates of water consumption, particularly during summer 
months.  
The aim of this project was to characterise the vulnerability of farm water supplies in New 
Zealand to volcanic ashfall, and to make management recommendations to reduce this 
vulnerability. In this report, we have: 
• reviewed the literature on the impacts of volcanic eruptions on rural water supplies 


worldwide;  
• characterised the water use regimes and identified the vulnerability of the water supply 


systems of eight case study farms from across the North Island, New Zealand;  
• devised a scheme to rate the overall vulnerability of each farm;  
• reviewed international agricultural water quality guidelines; and finally,  
• made a series of management recommendations for reducing vulnerability of farms to a 


volcanic eruption.  
 
Literature review  
Two particular eruptions have been studied with respect to impacts on agricultural or rural 
water supplies: the 1980 eruption of Mt St Helens, in the northwestern United States, and the 
1991 eruption (VEI 4+) of Hudson Volcano, in southern Chile. For these relatively large 
eruptions, it is clear that physical impacts of ashfall tend to overwhelm more subtle chemical 
impacts (such as changes to water quality). Particular points of vulnerability are open 
systems such as irrigation channels and drinking water ponds, which become clogged with 
ash, and ash damage to electrical components such as switch panels, to motors and other 
components such as sprinkler heads.  
 
Impacts of ash from the Mt St Helens eruption on two contrasting regions showed that as 
expected, groundwater-fed systems are much more resilient to volcanic ash than surface 
water-fed systems. However, even groundwater-based water supplies can be vulnerable to 
ashfalls; in Ritzville Country, ashfall still caused disruption to groundwater-fed irrigation 
systems as airborne ash disabled pumps by shorting out electrical panels. In coastal Santa 
Cruz province, Patagonia, windmills used to extract groundwater were disabled by airborne 
ash from the 1991 eruption of Hudson Volcano.  
 
Vulnerability assessment of case study farms 
Eight case study farms in the central North Island covering a diverse range of locations and 
land uses and access to water supplies were characterised with respect to their water use, 
with the aim of assessing the vulnerability of their water supplies. Overall vulnerability is 
determined by the following factors: 
• the type of water supply (whether groundwater or surface water-fed); 
• water storage capacity; 
• water use; 
• independence of supply; 
• pumping capability; 
• other stresses on the water supply. 







 


 


GNS Science Report 2009/01 vii 


 


Overall vulnerability index 
An overall vulnerability index for each farm was calculated by assigning weighted scores to 
the six factors described above. The largest single factor contributing to vulnerability is 
whether a water supply is derived from groundwater or surface water. The overall 
vulnerability of the study farms ranged from ‘extremely vulnerable’ (a score of 87 out of a 
maximum of 100 for a dairy farm in Taranaki) to ‘moderately vulnerable’ (a score of 42, for a 
sheep and beef farm in Hawkes Bay).  
 
Overall volcanic risk to water supplies 
Vulnerability indices for individual farms were combined with predictions from a probabilistic 
volcanic risk model of the accumulated thickness of volcanic ash over the central North 
Island over a period of 10,000 years. This gives an overall indication of the volcanic risk to 
farm water supplies. Study farms 4 (a dairy farm in Rerewhakaaitu, near Rotorua) and 6 (a 
dairy farm in south Taranaki) were assessed as being most at risk.  
 
Review of international agricultural water quality guidelines  
Agricultural water quality guidelines from South African, Canada and New Zealand/Australia 
(ANZECC), as well as guidelines produced by the FAO, were reviewed. This was a useful 
exercise as it identifies the water quality issues important to farm water use and primary 
production. Our preliminary analysis suggests that the following are likely to be the key 
issues for farm water supplies in the event of volcanic ashfall: 
• high levels of suspended ash (turbidity) will make surface waters unsuitable for irrigation 


because of clogging of pipes and nozzles; abrasional damage is a further hazard; 
pumping of suspended volcanic sediments (such as at Study Farm 3) suggest damage 
will occur to impellors; water pumps can be expected to suffer accelerated wear if 
pumping volcanic sediment suspended in water over a long period of time (months to 
years) following an ashfall event; 


• surface water contaminated by ash may show a tendency to be corrosive towards 
concrete; 


• the palatability of drinking water for livestock may be affected due to the presence of iron 
and manganese which impart a bitter metallic taste; and 


• there may be toxic effects on livestock from volcanic elements such as fluoride and 
aluminium; however, intake of fluoride from drinking water may be insignificant compared 
to ingestion from contaminated feed. 


 
It is important to bear in mind that guideline values for protection of agricultural water uses 
are primarily based on sustainable use of a water supply over a long period of time, whereas 
an ashfall is likely to be a short-term event. As guideline values are set on the basis of long-
term use, short-term incursions may not be a problem. However, palatability issues are an 
obvious exception to this observation. Also likely to be problematic are the clogging of 
equipment with suspended ash, abrasion of irrigation nozzles and distribution systems by 
ash, and possibly also corrosion effects due to high levels of acidity.  
 
Management recommendations 
A series of recommendations arising from the findings of this report were drawn up, with the 
purpose of enabling individual farm managers to increase their resilience to a volcanic 
eruption. Reduction recommendations are designed to increase resilience by taking steps 
well in advance of a volcanic crisis, and include: increasing water storage capacity, 
diversifying water supplies as far as is practicable, maintaining water supplies in a good state 
of repair and considering the purchase of a diesel generator to maintain pumping capacity if 
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volcanic ashfall causes power outages. Readiness recommendations include ensuring the 
water supply is in a good state of repair, moving stock to paddocks with a gravity-fed water 
supply, stocking up on filters and fittings and ensuring maximum storage levels. Response 
recommendations include advice on coping during an ashfall with an emphasis on protecting 
and conserving water supplies. Recovery recommendations range from short-term 
considerations of clean-up and repair of water supply systems, to longer-term considerations 
of rebuilding with an emphasis on greater resilience.  
 


KEYWORDS 


Volcanic hazards, volcanic ash, water, agricultural water guidelines, New Zealand, 
agriculture 
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1.0 INTRODUCTION 


The aim of this project was to characterise the vulnerability of farm water supplies in New 
Zealand to volcanic ashfall, and to make management recommendations to reduce this 
vulnerability. In this report, we have reviewed the literature on the impacts of volcanic 
eruptions on rural water supplies worldwide; characterised the water use regimes and 
identified the vulnerability of the water supply systems of eight case study farms from across 
the North Island, New Zealand; constructed a ‘vulnerability model’ from the findings of these 
case studies; reviewed international agricultural water quality guidelines; and finally, made a 
series of management recommendations for reducing vulnerability of farms to a volcanic 
eruption.  
 
Water demands of modern farms are wide-ranging, and include stock watering, irrigation and 
cleaning as well as the household supply. With increasing productivity on most New Zealand 
farms, water demands have increased over time and are likely to continue to do so in the 
future (especially with a high rate of conversion to dairy farming).  This increasing 
dependence on water supplies makes it important to understand their vulnerability to volcanic 
and other natural hazards and to identify mitigation strategies.   
 
It is well-established that even small quantities of volcanic ashfall can disrupt water supplies. 
Impacts include physical blockages of intake structures by ash, damage due to abrasion or 
corrosion, and increased levels of turbidity, acidity and soluble components caused by the 
suspension of ash in water. Indirect impacts include water shortages caused by the 
increased water demand for cleanup (Stewart et al., 2006; Blong, 1984). However, most 
studies in this area have focused on the urban environment, often on comparatively large-
scale water supply, sewerage and storm water systems (Blong et al., 1984; Johnston et al., 
2000). In general there has been little attention given to the impact of volcanic ash on farm 
water supplies, other than a recent literature review and modelling study (Stewart et al., 
2006) which considered impacts of volcanic ashfall on rain-fed roof water tanks typical of 
rural households in New Zealand.  
 
Other volcanic hazards such as lahars, pyroclastic flows and lava flows also have the 
potential to damage or contaminate farm water supplies. For instance, during the 2006 
eruption of Merapi volcano in Java, a block-and-ash flow devastated part of Kaliadem village. 
Thousands of people lost their water supply as a result of damage to springs and other parts 
of the distribution system such as pipes (Wilson et al., 2007). These hazards are beyond the 
scope of this report and are not discussed further.  
 
1.1 Volcanic hazards in the central North Island 


All of New Zealand’s potentially active volcanoes (many of which are located in the Taupo 
Volcanic Zone in the central North Island; Figure 1.1) are capable of producing explosive 
eruptions. Many of these volcanoes could potentially erupt in such a manner that distributes 
volcanic ash across the North Island and beyond. Volcanic ash is the most widely-distributed 
product of explosive volcanic eruptions, with even relatively small explosive eruptions 
potentially distributing ash hundreds of kilometres distance from the volcano. Much of New 
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Zealand’s highly productive farmland is also located within the central North Island, 
particularly in the Waikato, Bay of Plenty, Taranaki, Hawke’s Bay and Manawatu. All of these 
regions are vulnerable to volcanic ash hazards due to their relatively close proximity to the 
numerous volcanic centres and New Zealand’s variable climatic conditions.  
 
Volcanism in the central North Island is dominated by the Taupo Volcanic Zone (TVZ), and 
Taranaki volcano (Figure 1.1). The TVZ extends southward from White Island, in the Bay of 
Plenty, to Ruapehu volcano, and has been active for ~1.6Ma. It is one of the most active (in 
terms of frequency and material erupted) volcanic zones on Earth, with the total erupted 
volume of pyroclastic material estimated to be 15-20,000 km3 (Wilson et al., 1995). The 
broad range of volcanism means that the magnitude of possible eruptions range from minor 
andesitic events (such as the 1995-1996 Ruapehu eruptions, which had significant effects on 
agriculture in the region despite their small size), to a plinian rhyolitic event (such as the 1.8 
ka Taupo eruption).   
 
1.1.1 Cone volcanoes 


Whilst an eruption is possible from any of the active volcanoes in the central North Island, it 
is more likely the next eruption will be from one of the central North Island cone volcanoes 
due to their higher eruptive frequency. These volcanoes are characterised by frequent 
eruptive activity (e.g. Wilson et al., 1995; Neall and Alloway, 1996; Neall, 2003; Cronin and 
Neall, 1997; Alloway et al., 1995). Future eruptive episodes may be effusive (i.e. 
development of lava flows and domes which potentially could produce block and ash flows 
and debris flows during collapse events), or explosive, with small to large explosive eruptions 
producing ashfalls, pyroclastic flows or lahars. 
 
Volcanic hazards from New Zealand’s cone volcanoes can be grouped into two categories: 
• Hazards from ground-hugging flows (lava flows, lava domes, pyroclastic flows, lateral 


blasts, landslides, lahars and associated floods). 
• Hazards associated with the injection of pyroclastic material and gases into the air 


(ashfalls and volcanic gases). 
 
1.1.1.1 Ruapehu Volcano 


Ruapehu Volcano (Figure 1.1) is one of New Zealand’s most frequently active volcanoes. It 
is a complex composite andesite volcano built in at least four cone-building episodes 
involving both central (summit) and flank events during the last 260 000 years. The volcano 
rises to 2797 m and recent activity has been from a single vent occupied by Crater Lake. 
Major phreatomagmatic eruptions have occurred in 1969, 1971, 1975, 1995, 1996 and 2007 
(Cronin et al., 1996). Volcanic ash from prehistoric eruptions has been found in lake 
sediment cores in Taranaki, Hawke’s Bay and Auckland, suggesting that ashfall hazards 
from Ruapehu volcano could potentially affect much of the North Island (Froggatt and Lowe, 
1990; Sandiford et al., 2001; Eden et al., 1993). The 1995-1996 eruptive episode caused 
widespread and substantial disruption and economic losses to New Zealand despite its 
relatively small size (Johnston et al., 2000).  
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1.1.1.2 Tongariro Volcano 


The multiple stratovolcano Tongariro includes the satellite cone of Ngauruhoe, which 
commenced erupting about 2,500 years ago. The last major eruption of Ngauruhoe was on 
19 February 1975, when strong explosive activity sent eruption columns to 10 km and 
pyroclastic flows moved down the flanks (Hobden et al., 2002). 
 
Episodes of vigorous cone growth occurred between 210-200 ka and 130-70 ka, and from 25 
ka to the present day. Cronin and Neall (1997) have summarised the recent eruptive history 
of Tongariro as follows:  


- 22.5 - 10 ka:  One large volume, large magnitude eruption  
- 10 - 9.7 ka:  Very frequent (one eruption at least every 50 years) 


large volume, large magnitude eruptions  
- 9.7 ka - present:  Frequent low volume, low magnitude eruptions. 


 
1.1.1.3 Taranaki Volcano 


Taranaki Volcano represents the primary volcanic hazard to farm water supplies in the 
Taranaki region, given its close proximity and frequent eruptive activity in the past.  Recent 
studies also indicate ashfall from Taranaki Volcano has impacted much of the North Island, 
including Auckland and Hawke’s Bay (Turner et al., 2007). The volcano has been active for 
about 130,000 years. The most recent eruptive episode was the relatively small Tahurangi 
eruptive episode in ~1755 A.D. The much larger Burrell eruptive episode occurred in 1655 
A.D. (Neall, 2003).   
 
Between 28 ka and 3 ka at least 76 eruptions (>107 m3) producing widespread ashfall have 
occurred, giving a minimum eruption frequency of one large eruption every 330 years. It is 
likely that frequent smaller eruptions have also occurred (similar to the magnitude of the 
1995/96 Ruapehu eruptions) that have left no traces in the stratigraphy. Eruptions from 
Taranaki volcano appear to be clustered rather than occurring at regular intervals (Neall and 
Alloway, 1993). This is supported by new unpublished data which suggests the eruptive 
record of Taranaki Volcano may have been dramatically underestimated (S. Cronin, pers 
comm., 2007). For example, the most recent ash eruption of Taranaki (~1755 A.D.) was the 
culmination of eight eruptions in the preceding 300 years, including a large eruption (the 
Burrell eruptive episode) which distributed ash across eastern Taranaki in approximately 
1655 A.D. Taranaki Volcano is thus regarded as simply in a period of quiescence that has 
lasted for the past 200 years. It is considered extremely likely to erupt again in the future.   
 
1.1.1.4 Caldera Volcanoes 


New Zealand caldera volcanoes such as Taupo and Okataina (which includes Tarawera) 
have a history of infrequent but moderate to large eruptions. The caldera-forming eruptions 
typically create collapse structures 10-25 km in diameter and deposit >100 km3 of ash and 
pumice. They are also capable of producing moderate to large eruptions (1-10 km3) between 
caldera collapse events, such as the 1315 A.D. Kaharoa eruption. 
 
Eruptions from these volcanoes are usually significantly larger than from the cone volcanoes 
and have the potential to significantly impact much of the central North Island and associated 
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water supplies. The Okataina and Taupo volcanoes have been the most active over the past 
several thousand years and are discussed below. 
 
1.1.1.5 Okataina Volcanic Centre 


Okataina Volcanic Centre (OVC) lies east of Rotorua and includes the large rhyolite 
complexes of Haroharo and Tarawera, with other centres at Mt Edgecumbe, Okareka and 
Rotoma. During the last 22,000 years approximately 80 km3 of magma has been erupted. 
The most recent eruption was on 10 June 1886 when Tarawera erupted, forming the 
Tarawera Rift (Leonard et al., 2002). 
 
In contrast to other New Zealand volcanoes such as Ngauruhoe and White Island which 
have relatively small eruptions every few months or years, the volcanoes at OVC have 
erupted at intervals which have varied between 700 and 3000 years. However, when 
eruptions do take place at OVC, they are 100 to 10,000 times larger than those at White 
Island or Ngauruhoe (Nairn, 2002). It is the size of most Okataina eruptions, despite their 
infrequency, that creates a significant volcanic hazard in the Bay of Plenty region (Nairn, 
2002). 
 
1.1.1.6 Taupo Volcanic Centre 


The Taupo Volcanic Centre consists of a large basin, about 50 km across and 300-500 m 
deep.  TVC has been sporadically active over the last ~300 ka, and in that time it has shown 
a random pattern of exceptionally large events interspersed by smaller eruptions. In 
particular the Taupo Volcanic Centre has been frequently and voluminously active in the past 
~65 ka, with approximately 30 major eruptions, at intervals of between 50 and 5000 years 
(Sutton et al., 2000; Wilson et al., 1986; Houghton et al., 1995).  The largest (Oruanui) event 
at 22.6 ka erupted ~400 km3 of magma (Wilson et al., 1988).   The last major eruption 
(Taupo eruption) occurred 1800 years ago (Wilson et al., 1988).  There is no obvious pattern 
to these eruptions that would suggest when or where the next event might occur (Stirling and 
Wilson, 2002).   
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Figure 1.1 Volcanic centres in the North Island, New Zealand. 
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Figure 1.2 North Island agricultural livestock production statistics, June 2005 (MAF Sheep and Beef 
Monitoring Report, 2006) 
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Figure 1.3 North Island horticulture production statistics, June 2005 (MAF Horticulture Monitoring 
Report, 2006) 
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2.0 IMPACTS OF VOLCANIC HAZARDS ON FARM WATER SUPPLIES: 
INFORMATION REVIEW 


2.1 Overview 


Volcanic ash (see Appendix 1 for further information) is the most widely-distributed product of 
volcanic eruptions. Historically ashfalls have been responsible for the majority of impacts on 
water supply systems. A recent review of volcanic ash impacts on water supplies was carried 
out by Stewart et al. (2006); the focus was on municipal water supply systems. Witham et al. 
(2005) reviewed the literature on volcanic ash-leachates, and included an evaluation of the 
use of ash-leachate data in environmental impact assessment. These previous reviews have 
been used as a basis for the following review in which we consider the impacts of ashfall on 
agricultural water supplies.  
 
2.2 General impacts of volcanic ash on water supplies 


Impacts on water supplies have been reported subsequent to a number of historic eruptions. 
Studies describing these impacts are described fully in Stewart et al. (2006) and a summary 
table from this report is reproduced here as Table 2.1. Effects include physical blockages of 
intake structures by ash and damage due to abrasion or corrosion of equipment. The major 
public health concerns are thought to be the potential for outbreaks of waterborne infectious 
diseases due to the inhibition of disinfection by high levels of turbidity, and elevated 
concentrations of fluoride increasing risks of dental and skeletal fluorosis. Physical impacts of 
ash and problems due to high levels of acidity, turbidity and fluoride are well-documented; 
however, little attention has been paid to the other soluble components of volcanic ashfall 
and their potential consequences for water supplies.  
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Table 2.1 Summary of volcanic ash impacts on water supplies (from Stewart et al., 2006) 


 
Impact Comment Examples Reference 


Ash can clog intake 
structures  


Irazú, Costa Rica (1963)  Blong (1984) 


Abrasive nature of ash can 
cause increased 
wear on equipment 
 


Fine ash clogged filters at the 
intake to San José's river-fed 
water supply. 
Water had to be trucked in. 


Blong (1984) 


Physical 
impacts of 
ash 


Corrosive nature of ash can 
damage electrical equipment 
and corrode metallic 
structures such as pipes 


Mt Ruapehu, New Zealand 
(1995/96) Rotorua's water 
supply cut when a resident 
washed ash into a power 
transformer and cut electricity 
supply to pumps. 


Johnston 
(1997) 


Water 
shortages 


Heavy demands on water for 
clean-up of ashfall 


Mt Spurr Volcano, Alaska (1992) 
City of Anchorage experienced 
severe water shortages because 
of demand for ash cleanup; one 
reservoir completely emptied; no 
water available for firefighting. 


Johnston 
(1997) 


Increased 
turbidity 


Suspension of ash in water 
increases turbidity; this can 
make water undrinkable and 
compromise terminal 
disinfection 


Mt St Helens, USA (1980) 
Increased occurrence of 
waterborne Giardiasis due to 
turbidity from volcanic ash 
inhibiting disinfection. 


Weniger et al. 
(1983) 


Acidification Surface coatings on fresh 
ash are highly acidic, due to 
adsorbed volcanic aerosols 
H2SO4, HCl, HF 


Copahue Volcano, Argentina 
(2000) pH 2.1 reported in nearby 
Lake Caviahue; pH 2.5 reported 
in streams 60 km from source. 


Smithsonian 
Institution 
(2000) 


Lopevi, Vanuatu (2003) 10 mg/L 
fluoride reported in rainwater-fed 
tanks.  


Cronin et al. 
(2003b) 
 


Fluoride 
contamination 


Fluoride from HF readily 
leached from fresh ash; can 
exceed safe limits for people 
and animals Hekla, Iceland (1947–1948) 9.5 


mg/L fluoride recorded in Merkjá 
stream. 


Stefánsson and 
Sigurjónsson 
(1957) 


Freshly-fallen ash releases 
soluble components into 
receiving waters 
Many studies made of ashfall 
leachates, but few have 
focused on receiving waters 


Copahue Volcano, Argentina 
(2000) Increased concentrations 
of iron, fluoride, sulphate in 
water supplies. 


Smithsonian 
Institution 
(2000) 


Major leachate components: 
sulphate, Cl, Na, Ca, Mg, F 


Contamination 
by other 
soluble 
components 


Minor leachate components: 
Mn, Zn, Ba, Se, Br, B, Al, Si, 
Cd, Pb, As, Cu, Fe 


Soufrière Hills, Montserrat 
(1997) Increased concentrations 
of sulphate, chloride and fluoride 


Smithsonian 
Institution 
(1997) 
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2.3 Reported impacts: case studies of volcanic ashfall impacts on 
agricultural water supplies 


For this report we located published reports of the impacts of volcanic ashfall specifically on 
farm water supplies and agricultural water uses. From the outset it was clear that there is a 
general lack of published information in this area. The United States Geological Survey 
(USGS) website is a comprehensive and authoritative resource on the impacts of ashfall 
hazards, but contains little coverage of effects on agricultural water use. Similarly, while the 
New Zealand Ministry of Agriculture and Forestry (MAF) website has wide coverage of the 
impacts of volcanic eruptions on agriculture, horticulture and forestry in New Zealand, it 
contains very little specific information on the impacts on water supplies for these primary 
industries.  
 
Two particular eruptions have been studied with respect to impacts on agricultural or rural 
water supplies: the 1980 eruption of Mt St Helens, in the northwestern United States, and the 
1991 eruption (VEI 4+) of Hudson Volcano, in southern Chile. Information on impacts of the 
Hudson eruption comes both from reports published at the time, and also from a field visit 
conducted by the authors of this report in January 2008 (Wilson et al., 2008).  
 
2.3.1 1991 eruption of Hudson volcano, Chile 


After 20 years of quiescence, Hudson volcano (Cerro Hudson) in the southern Andean 
volcanic zone ejected basaltic ash during a phreatomagmatic, partially subglacial eruption 
that had prolonged paroxysmal activity between 12-15 August 1991. This magnitude VEI 4+ 
Plinian eruption produced at least 4 km3 and possibly as much as 17 km3 bulk volume of ash 
(Naranjo and Stern, 1998) and was one of the largest eruptions of the 20th century. Due to 
prevailing winds, most of the ash deposits fell to the east through the Patagonian meseta, 
reaching the Atlantic coastal zone. The depth of deposited tephra exceeded 80 cm in areas 
proximal to the volcano. Los Antiguos village, located approximately 100 km southeast of 
Hudson volcano, was covered by a 20 cm layer of ash. Ash was deposited over a wide 
sector of Santa Cruz province in Patagonia, with 2 cm falls being recorded at the Atlantic 
coast and trace quantities deposited in the Falkland Islands (Inbar et al., 1995).  
 
The most severe agricultural impacts were recorded in the Los Antiguos Valley. Heavy stock 
losses were reported, and horticulture was disrupted with the entire 250-ton cherry crop lost 
the year of the eruption (Inbar et al., 1995). Over larger areas, there were reports of sheep 
herd numbers declining and farms being abandoned (La Nacion, 1993). Impacts on sheep 
herds are believed to have occurred as far away as the Falkland Islands, despite only traces 
of ashfall recorded there. 
 
In areas with extensive systems of open channel flood irrigation systems, such as Los 
Antiguos and Puerto Ingeniero Ibáñez (Figures 2.1 and 2.2), irrigation ditches reportedly 
became blocked and had to be dug out manually. Problems persisted for a period of one to 
two years after the eruption owing to windblown ash recontaminating ditches. There were 
reportedly some problems with abrasional and corrosional damage to metal fittings in 
irrigation systems.  
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Figure 2.1 Intake from stream for flood irrigation system, Puerto Ingeniero Ibáñez, Chile  
 
A further major problem was with livestock drinking water, as in general livestock drink from 
ponds. Watering holes became clogged with ash, and turned to mud. These then became a 
trap for animals when they attempted to get access to the watering holes; their fleeces 
became saturated with ashy mud (Figure 9) and this added to their exhaustion and stress 
(Bitschene et al., 1993).  
 


 
 
Figure 2.2 Open channel flood irrigation system, Puerto Ingeniero Ibáñez, Chile 
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In general, municipal supplies were relatively unaffected by the ashfall as they are derived 
from either springs or groundwater wells. In Los Antiguos, water supply wells are dug to a 
depth of at least 6 metres, and the water supply was reportedly continuous (Inbar et al., 
1995). However, an exception to this was in the coastal zone of Santa Cruz, where there is 
very little surface water and a heavy reliance on groundwater extracted using wind-driven 
pumps (Figure 2.3). Ash damaged the bearings of the windmills and thus disabled the water 
supply. 
 


 
 
Figure 2.3 Wind-driven groundwater pump, Tres Cerros, coastal Santa Cruz 
 


2.3.2 1980 eruption of Mt St Helens 


There were significant impacts on agriculture in Washington State following the May 1980 Mt 
St Helens eruption, although damage was much less than initially expected (Warrick et al., 
1981). The initial surprise of the ashfall was compounded by lack of information, rumour and 
speculation about the likely impacts and appropriate responses. Farmers and experts alike 
could not readily identify the proper course of action to mitigate effects. Mitigation strategies 
evolved out of trial and error, rather than authoritative information. With high stakes involved, 
such as farmers’ livelihoods, such experimentation was accompanied by concern and often 
high anxiety (Warrick et al., 1981). 
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Kittitas County, located around 150 km from the volcano, had irrigation systems fed by 
surface waters and distribution by open irrigation ditches. This region received between 5-20 
mm ashfall. Irrigation systems suffered a range of effects from this level of ashfall (Warrick et 
al., 1981). Electrical panels shorted out and pump motor components (such as brushes and 
commutators) had increased wear, and seals and bearings on sprinkler heads and pumps 
wore down faster also. Other effects were that worn sprinkler heads increased the load on 
pump motors, and there were also some reports of ash clogging sprinkler heads. Farmers 
were advised to keep systems running at a minimum rate to keep flushing ash through the 
system (FEMA, 1980).  
 
Other methods used in mitigation were to keep switch panels clear, and to attempt to keep 
ash out of motors in any way possible. Blowing ash off with air compressors was a common 
method. Farmers were also advised to run water destined for pumped irrigation systems 
through settling basins before it reached the pumps.  
 
There were problems with rapid sedimentation of irrigation ditches in Kittitas County.  Larger 
ditches could be flushed easily, but smaller ditches needed to be shovelled out (Warrick et 
al., 1981).  
 
Ritzville County is located 300 km distant from Mt St Helens, but received a greater depth of 
ashfall (20-40 mm) due to variations in the ash plume and climatic conditions. However, 
irrigation systems in this region were disrupted less than in Kittitas County, because they are 
primarily fed by groundwater, with water from bores being pumped directly to sprinkler 
systems. Thus there was no direct ash contamination of the water supply.  
 
There were, however, some problems when ash penetrated electrical panels and 
switchboards and caused electrical shorting, following heavy rain on 25-26 May 1980 which 
increased the conductivity of the ash. This disabled pumps and curtailed irrigation 
operations.   
 
The fate of the deposited ash was also studied (Warrick et al., 1981). The ash was found to 
form a layer on the soil surface within a few days of the eruption, which remained in place for 
some time unless disturbed by erosion or cultivation equipment. This layer retarded capillary 
action and evaporation, slowing infiltration and leading to excess runoff. Irrigation rates were 
therefore reduced to prevent soil erosion. Rainfall was reportedly a major aid in the recovery 
process, washing ash from crops, settling unconsolidated ash deposits and increasing their 
integration into the soil profile.  
 
The contrasting experiences in Kittitas and Ritzville counties illustrate the relative 
vulnerabilities of groundwater and surface water, and the systems they support, to volcanic 
ashfall.  
 
2.4 Inferred impacts from other studies  


The following studies were not directly concerned with impacts of volcanic ash on agricultural 
water supplies, but are included here (covered under various topics) as their findings are 
likely to be relevant.  
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2.4.1 Disruption of electricity supply 


The vulnerability of electrical power supply networks to volcanic hazards, particularly volcanic 
ashfall, is well documented (Sarkinen and Wiitala, 1981; Warrick et al., 1981; Johnston, 
1997; Heikin et al., 1995).  Refer to Appendix 3 for more information.  Increasingly high 
dependence of modern farming on electricity, particularly for pumping water, makes 
disruption of electrical supplies a major vulnerability for farms.    If the electricity supplies are 
lost for an extended period, and if there is no backup power generation, water supplies 
reliant on electrical pumps will be disrupted creating significant implications for human and 
animal welfare, irrigation, and dairy shed hygiene.   
 
Damage to electrical equipment was a commonly reported cause of irrigation supply failure 
to farmers impacted by the 1980 Mt St Helens eruption (Warrick et al., 1981).   
 
2.4.2 Damage to farm water supply infrastructure 


Because of its highly abrasive and corrosive nature, ash can damage intake structures and 
increase levels of wear on other plant or machinery it comes into contact with. Ash washed 
into the upper Tongariro River during the 1995/1996 Ruapehu eruptions caused considerable 
abrasional damage to turbines at the Rangipo hydroelectric power station (Malcolm and van 
Rossen, 1997). Such mechanical fragility has led to speculation that ash-laden water will 
damage water pumps if pumped through them (Neild et al., 1998).  
 
2.4.3 Rainwater-fed household water supplies 


Many households in rural areas rely on rainwater tanks with a roof catchment. These are 
particularly vulnerable to aerial contamination because of their large surface area to volume 
ratio. Unless downpipes leading to water storage tanks are disconnected, contamination of 
roof-fed supplies can be expected (Johnston, 1997b). Stewart et al. (2006) modeled 
contamination scenarios for different thicknesses of ash on a range of water supplies, and 
found that as little as 1 mm ashfall will probably be sufficient to make roof-fed tank water 
undrinkable due to a bitter, metallic taste, and possibly also toxic.    
 
2.4.4 District water supplies and treatment plants 


Some farms are supplied by district or regional water supply schemes. Reported impacts on 
water supply schemes include (Johnston et al., 2004): 
− suspended ash blocking intake filters, particularly for river-fed water supplies; 
− suspended ash in water can cause wear and tear on components of water treatment 


plants due to its abrasive and corrosive nature; 
− high turbidity levels can compromise the effectiveness of disinfection of pathogenic 


micro-organisms; 
− high water demand for cleanup depleting water storage in reservoirs; 
− contamination of water supplies with high levels of turbidity and acidity (low pH). 
 
The suspension of volcanic ash in water can easily exceed acceptable limits for turbidity.  
Following the May 1980 eruption of Mt St Helens in the USA, increases in the occurrence of 
waterborne Giardiasis were reported for months afterwards, as far away as Montana.  These 
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events were linked to heavy rainfall washing the deposited ash into water supplies (Weniger 
et al., 1983).   
 
Suspended ash within surface water supplies can block intake structures, as occurred during 
the 1963 eruption of Irazú in Costa Rica when fine ash clogged filters at the intake to the 
capital city’s river-fed water supply. As a result, water needed to be brought in by truck to 
San José (Blong, 1984).   
 
On 23 November 1945, the water supply for the community of Taumarunui, New Zealand 
(population 2700), 50 km north-northwest of the vent at Ruapehu, was disrupted by large 
quantity of ash being washed into the Wanganui River where the sediment blocked water-
intake filters. Pumping was reduced from 90,000 L/h to 32,000 L/h due to the high turbidity of 
the river water. Eventually filtration became impossible and pumping ceased. By the 
following day water quality had improved sufficiently for pumping to resume (Johnston et al., 
2000). Numerous disruptions to both water and electricity supply were reported over several 
months at Whakapapa, 9 km north of the vent, due to ash in the streams feeding the water 
supply and ash in the electricity generating plant. Staff members reported that the fine ash in 
the stream made the filters useless and water was no longer able to pass through the settling 
ponds. The reworking of ash further affected water supplies in 1946 and during the warmer 
than average summer of 1955 (Houghton et al., 1987; Johnston et al., 2000). 
 
2.4.5 Increased solvation potential due to acidification of surface water 


Many of New Zealand’s waters are soft, with moderate to low levels of alkalinity and pH. 
These properties can give the water a high solvation potential, so that the water may dissolve 
metals from plumbing fittings if it lies in the plumbing, for example, overnight (MOH, 2008). 
Water with a pH<5.0 can also have an increased tendency to be corrosive towards concrete.  
 
Freshly-fallen volcanic ashfall frequently is capable of acidifying waters, and may therefore 
increase their solvation potential., This may in turn increase the dissolution of metals from 
plumbing fittings, which can cause a health hazard in household supplies if fittings contain 
lead, and may damage metallic fittings. 
 
However, most pipes used in farm water supply systems are made of PVC or alkathene 
(polythene), which are corrosion-resistant. 
 
This topic is complex and further analysis is beyond the scope of this study.  
 
2.4.6 Water demands during cleanup phase 


Water usage can be expected to increase significantly as affected communities begin 
cleanup operations (Johnston, 1997b; Johnston et al., 2004).    
 
Following the 1980 Mt St Helens eruption, there were fears that ash deposits on pastures 
would cause harmful effects on animal health in Kittitas County. Farmers who had access to 
irrigation water irrigated pastures heavily in an attempt to settle and compact the ash to 
decrease the respiratory hazard to livestock. Some orchardists in the Spokane Valley 
attempted to wash off trees using hoses with nozzles (Warrick et al., 1981). 
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The August 1992 eruption of Mt Spurr volcano, Alaska, deposited about 3 mm of ash on the 
city of Anchorage. The cleanup of ash resulted in excessive demands for water, increasing 
the peak demand by 70%. This in turn caused widespread pressure and supply problems 
which led to several storage reservoirs dropping to dangerously low levels, and at least one 
reservoir being completely emptied, with insufficient reserves for firefighting had they been 
required (Johnston, 1997b; Johnston et al., 2004).   
 
2.5 Summary of literature review 


Two particular eruptions have been studied with respect to impacts on agricultural or rural 
water supplies: the 1980 eruption of Mt St Helens, and the 1991 eruption (VEI 4+) of Hudson 
Volcano, in Chile. For these relatively large eruptions, it is clear that physical impacts of 
ashfall tend to overwhelm more subtle chemical impacts (such as changes to water quality). 
Particular points of vulnerability are open systems such as irrigation channels and drinking 
water ponds, which become clogged with ash. In the case of Hudson Volcano, redistribution 
of ash by strong winds in the area (Santa Cruz province, Patagonia) led to continuing 
problems lasting for years afterwards. Other problems included airborne ash shorting out 
switch panels and causing increased wear on pumps, and clogging sprinkler heads. 
 
Impacts of ash from the Mt St Helens eruption on two contrasting regions showed that as 
expected, groundwater-fed systems are much more resilient to volcanic ash than surface 
water-fed systems. However, even groundwater systems can be vulnerable to ashfalls; in 
Ritzville Country, ashfall still caused disruption to groundwater-fed irrigation systems as 
airborne ash disabled pumps by shorting out electrical panels. In coastal Santa Cruz 
province, Patagonia, windmills used to extract groundwater were disabled by airborne ash 
from the 1991 eruption of Hudson Volcano.  


3.0 CHARACTERISATION AND VULNERABILITY ASSESSMENT OF 
FARM WATER SUPPLIES 


3.1 Overview 


Agriculture is critically dependent on water quality and quantity. Water supplies may be 
obtained from both surface1 and groundwater2 sources. Rainfall, along with other important 
factors, has a significant influence on the type of farming that particular regions can sustain 
(Figure 3.1). However, as farmers strive to increase profitability, there has been a large 


                                                 
 
 
1 Surface water is defined here as any water resource that is exposed to the atmosphere, such as rivers, 


reservoirs, and lakes. Surface water supplies can be accessed at any point where there is sufficient volume for 


extraction. 
 
2 Groundwater is defined here as rainwater that has travelled through the soil to underground aquifers (areas of 


fractured rocks or porous sediments such as sand and gravel). Access can be gained to groundwater through 


wells or (less commonly) where it outcrops at the earth’s surface at springs.  
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increase in demand for water. This has put increasing pressure on water resources, 
particularly for irrigation and stock water, requiring that the resource be actively managed. 
Water resources under the Resource Management Act 1990 (RMA) are generally managed 
by councils. The RMA allows individuals to take water for stock drinking water and domestic 
needs provided it does not, or is not likely to have, an adverse effect on the environment. If 
farms require a greater allocation of water they must apply for a resource consent (B. 
Jenkins, pers comm., 2007).  
 
Unless a farm extracts significant amounts of ground or surface water requiring a resource 
consent (i.e. exceeding relevant allocation limits), the managing authority will have no record 
of that particular extraction. Thus it is difficult to measure water use throughout a district or 
region, and to assess water supply vulnerability on a regional basis.    


 
Figure 3.1 Mean annual rainfall in New Zealand (NIWA, 2003) 
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3.2 Assessment of vulnerability of farm water supplies 


Initially an assessment of regional water vulnerability was made using regional council water 
allocation and monitoring information. Given the difficulties with defining farm water usage at 
a regional scale, only a brief attempt has been made to give a general picture using water 
allocation statistics3. This information is presented in Appendix 2.  
The second vulnerability assessment approach was to investigate water supply usage and 
vulnerability for individual farms, using a range of case studies. These farms were identified 
by drawing on personal and professional contacts. The location of these farms is shown in 
Figure 3.2. The study farms span the diverse range of land uses and water supplies in the 
central North Island. We decided to cover fewer case studies in more detail, by visiting farms 
and interviewing farmer and farm managers following a semi-structured interview schedule 
(Appendix 4) rather than using a broader-scale approach such as a postal questionnaire 
distributed to a greater number of farms. The interview schedule was designed to assess 
general farm characteristics, farm water supply system, vulnerability to volcanic hazards and 
experience with previous natural hazards.  
 
General characteristics of the case study farms are shown in Table 3.1, and their location is 
shown in Figure 3.2. The farms span a range of locations relative to active volcanoes (such 
as Study Farm 6, close to Mt Taranaki), to more distally-located (such as Study Farms 1, 2 
and 7 in Hawke’s Bay). Many of the farms received ashfalls during the 1995/96 Ruapehu 
eruptions, and interviewees were able to describe their past experiences and any actions 
they had taken to minimise the impacts.  
 
Field visits were carried out between 2 and 8 May 2007, apart from Study Farm 4, which was 
the subject of a week-long detailed assessment of its overall vulnerability to volcanic hazards 
in December 2005. Contact was made with farmers and farm managers several weeks 
ahead of time, to set up interviews which lasted between one and two hours. Limited tours of 
the study farms were also made as time permitted.  
 
In addition to information on water supplies, we collected additional data on points of 
vulnerability to farms.  This was considered appropriate given inter-relationships within farm 
systems. The data collected, much of it based on primary accounts from the 1995/96 
Ruapehu eruptions, is rare in volcanic hazard literature so has been included here within the 
report.  Many of the accounts also serve to illustrate the interdependencies water supplies 
have with other farm input and output processes. 
 


                                                 
 
 
3 For further details about the management of water resources in each region contact regional councils or refer to 
respective websites. 
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Table 3.1 General characteristics of study farms 


Study  
farm Farm type Location Water supply Date visited 


1 Sheep and Beef Tikokino, Hawke’s Bay Groundwater  2 May 2007 


2 Sheep and Beef Bridge Pa, Hawke’s Bay Surface water (& 
groundwater) 2 May 2007 


3 Sheep and Beef Western Taupo, Waikato Surface water 3 May 2007 


4 Dairy Rerewhakaaitu, Bay of Plenty Groundwater 18 Dec 2005 


5 Dairy Reporoa, Bay of Plenty District scheme 
(groundwater) 3 May 2007 


6 Dairy Eltham, Taranaki District scheme 
(surface water) 7 May 2007 


7 Horticulture: vineyard Near Hastings, Hawke’s Bay Groundwater 2 May 2007 


8 Horticulture: kiwifruit Cambridge, Waikato Groundwater 5 May 2007 


4.0 STUDY FARM 1: TIKOKINO  


4.1 General information 


Study Farm 1 is located near Tikokino, in southern Hawke’s Bay (Figure 3.2). It is an 
approximately 650 ha (with a further 325 ha leased) sheep, beef and deer farm running up to 
10,000 stock units. Approximately 100 ha are devoted to crops annually. Current livestock 
numbers are given in Table 3.2. Supplementary feeding occurs during the spring (Table 3.3), 
between June and August.  Shearing of ewes occurs in May and December, hoggets in 
October and lambs in January. Deer fawning occurs in mid-November to December. 
 
4.1.1 Water supply 


The farm is supplied by a shallow 6 m (20 ft) deep, 2 m wide bore with a suction pipe. The 
water table is at approximately 3 m depth. The bore is approximately 100 m from the 
northern creek on the farm (Figure 3.3) and only supplies stock drinking water for the farm. 
Water is pumped to two 20,000 L tanks located at the northern and western ends of the farm 
(Figure 3.3) for water storage on topographic high points. These tanks feed the stock water 
troughs by gravity. The troughs are rectangular with a capacity of 200 L and are kept full by a 
ballcock tap (Figure 3.4). There are still some older-style 400 L troughs, but they can cause 
problems as deer like to wallow in the troughs; however they are easier to keep clean. The 
troughs are all concrete, and there are 159 altogether, placed at a frequency of one or two 
per paddock (blue dots in Figure 3.3).  







 


 


GNS Science Report 2009/01 20 


 


 
Figure 3.2 Location of study farms 
 
 
Table 3.2 Livestock numbers and types on Study Farm 1, Hawke’s Bay 


Sheep 4,400 
Beef 1,200 
Deer 900 


 
 
Table 3.3 Supplementary feed produced on Study Farm 1, Hawke’s Bay 


Silage 300-400 t (dry matter) 
Grain (barley and maize) 50 t 
Hay 600 round bales 


 
The bore pump is electrically powered. However, it can be run off the PTO on the tractor if 
required. It is enclosed within a pump shed to protect it from the weather; this should also 
protect it from ashfalls. In summer, when stock drinking needs are high, the pump is under 
considerable demand and the farmer estimated could be in operation up to 24 hours per day. 
In winter, the pump operates on demand to keep the storage tanks full. From past 
experience, there is one to two days worth of reserve water in the storage tanks during peak 
water use in the summer, with water flowing out to troughs under gravity. 
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Figure 3.3 Water supply and distribution system, Study Farm 1 
There are four dams (small reservoirs) on the farm, although these are not preferred as a 
water source as stock (deer and cattle in particular) walk into them, eroding their banks and 
making the water turbid. A number of dams have been filled in as a result. The main dam is 
still in use and can be linked back into the farm water supply system if required. 
 


 
 


Figure 3.4 200 L stock water troughs 
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There is also a stream on the farm, which is only used for stock water. There has never been 
a period when this has dried up, even during dry summer periods. This is also used by 
neighbouring farms. 
 
The homestead is supplied from a 20,000 L rain water tank.  This can be disconnected and 
connected to the farm water supply if required. 
 
There has been significant investment in the water system to build reliability, resiliency and 
reduce the continued maintenance that was required on the dams. Before this upgrade to the 
bore (groundwater supply), the farm had relied solely on dams for water supply (Figure 3.5). 
The farmer estimates spending 0.5 days per week on maintaining the water system and 
rates it as an essential part of the farming operation. 
 
4.1.1.1 Stock water 


Water is essential in summer for stock consumption. In winter the demand for water is greatly 
reduced, as stock take up more moisture through feeding and lose less through perspiration. 
Livestock can go for up to several weeks without feed (although they will lose condition), but 
they are likely to begin suffering potentially irreversible effects after several days without 
water (Macfarlane et al., 1961; OSH, 2003).  
 
4.1.1.2 Previous problems 


The current groundwater supply is very stable and the farmer reported no previous problems. 
 


 
 


Figure 3.5 Dam, Study Farm 1 
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4.1.2 Natural hazard experience 


4.1.2.1 Ruapehu eruption, 1995 


This farm received an estimated 1-5 mm of ashfall during the 25 September 1995 Ruapehu 
eruption. The ash fell over a period of several hours, and remained until the next rainfall four 
or five days later. Sheep were put off eating pasture by the coating of ash. There were no 
other physical impacts to the livestock, however the farmer noted the sheep were distressed 
by the lack of feed.  Supplementary feed was distributed to the stock, and because of the 
short duration of the event, this was a satisfactory solution for ensuring the food supply. 
There was no noticeable impact on the farm’s water supply, stock water troughs, or on the 
household supply.  
 
Despite the general lack of impact on farming operations, the farmer reported he and his 
family felt a considerable level of uncertainty and nervousness at the time. Radio and 
television news media was regularly monitored to keep up to date.  The farmer considered 
the most critical information needs to be: firstly, how long the ashfall might continue for, and 
secondly, the nature of the impacts on livestock. The farmer said that he had waited for 
official information to be distributed through the media, but didn’t receive any official warning. 
One of the fears held by the farmer was that a much larger ashfall could occur.  
 
The farmer had the following suggestions to make about the type of information that he 
would have found useful at the time: 
− Information on the duration of the ashfall would have assisted with planning the 


supplementary feed schedule; 
− Any information on animal health mitigation; 
− Information on impacts of ashfall on the water supply and distribution system; and 
− Any information on pasture rehabilitation. 
 
There do not appear to have been any long-term harmful effects from this eruption to this 
farm.  It is possible there were some minor soil fertility benefits from the sulphur-rich ash (see 
Cronin et al., 1997; 1998). 
 
4.1.3 Seasonal vulnerability 


On the basis of the information provided by the farmer about seasonal operations on this 
farm, the following comments can be made about seasonal vulnerability. Spring would be a 
difficult time if there was an eruption because this is when supplementary feed is produced. 
The period in early spring, before grass has grown and there is no supplementary feed left 
would be difficult; lambing would occur at the same time. Shearing would be a problem in 
May and December, when ewes are shorn, October with hoggets, and lambs in January.  
Wool would be full of ash which would probably lower the quality and create significant wear 
on the combs (see Section 1.4), but it may be possible to scour out.  Deer fawning from mid-
November to December is also a vulnerable time. 
 
Whilst the diverse water supply (i.e. access to groundwater and surface water supplies which 
should continue flowing during an ashfall) increases the farm’s resilience to manage an 
ashfall, the key vulnerability of water supplies on this farm is reliance on electrical power for 
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operation of the submersible pump for ground water extraction. If groundwater supplies were 
disrupted there would be sufficient storage in the tanks for stock for at least several days in 
summer conditions.  If it was cooler and there was sufficient moisture in the pasture then 
water supplies may extend for up to 1-2 weeks. Reserve water storage in the form of dams 
would also be vulnerable to contamination by ashfall. If the surface water supplies were 
turbid and/or undrinkable, drastic management options may need to be considered 
(evacuation or destruction).   
 
4.1.4 Potential mitigation of volcanic hazards 


If there was warning of an imminent eruption, key equipment (including the water supply 


infrastructure) would be checked and rainwater pipes disconnected. 


 
4.1.4.1 Water supply 


If sufficient warning was given or at the beginning of an ashfall the farmer believes he would 
check over the water supply and ensure it was in good condition and operating as designed.  
During any ashfall he would attempt to clean and refill stock water troughs. If the power 
supply went out, he would use the power-take-off (PTO) attachment on his tractor to power 
the pump, hence using a diesel supply.  If the pump was to fail for mechanical reasons, the 
farmer would try and buy another one straight away.  The house supply would be 
disconnected. 
 
The creeks which run through the property (Figure 3.3) would also be a potential drinking 
source for the animals, especially if aquifer-derived. However surface water supplies would 
rapidly become contaminated by ash (from either falling or remobilised from ground 
deposits). 
 
The farmer would resist putting covers on the troughs, as they would be quite labour 
intensive to put on.  He believes the stock would probably knock them off anyway, so would 
prefer the extra effort cleaning the troughs out by hand. 
 
In an emergency, the farmer would probably fence off the dam and gravity feed the troughs 
from it if required.  This may not be possible during an ashfall, with suspended ash in the 
water potentially blocking inlets and pipes.  The main dam can be connected to water supply 
network and used to supply the paddocks below it (to the east).  
 
The farmer noted that ensuring stock have access to drinkable water would be one of the top 
priorities following an ashfall.  There is more time available with feed, as stock can last for 
several days without food, and supplementary feed is also available.  However water would 
be required almost immediately, especially as dry dusty ash is likely to cause discomfort for 
the animal’s mouth and throat.  Supplementary feed, hay and grain in particular, will not have 
the same moisture content as pasture and its consumption will increase the water 
requirements for the animal. 
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4.1.4.2 Information requirements 


The farmer listed five specific pieces of information he would like to receive at the onset of a 
volcanic eruption: 
− how long the eruption will go on for; 
− how much ash is likely to fall; 
− what would the likely impacts to animal health be and how best would you to mitigate 


such impacts; 
− pasture rehabilitation and how best to mitigate such impacts; 
− protection of the water supply and how best to mitigate such impacts. 
 
He believed a checklist (before/during/after) would be highly useful. 
 
4.1.4.3 Stocking rates 


Stock numbers fluctuate during the year, allowing farmers to regulate their stocking rate in 
relation to feed availability.  If there is stress on feed and supplementary feed reserves, then 
less stock will be carried.  This would be an important management tool during the recovery 
from a future ashfall which impacted feed reserves over the long term. 
 
The farmer suggested that if sufficient (and convincing) warning was given during before a 
large eruption (such as a period of sustained unrest in a volcano), then he would consider 
lowering stock numbers, although he noted that this is a risky course of action. 
 


‘If you de-stock too far you get a low price and then when you try to buy them 
back, if you aren’t badly affected, you will pay a very high price.’ 


 
He believed young stock would be retained, whilst expendable older stock would be sold to 
the works or market. 
 
4.1.4.4 Labour 


The farmer believed additional labour would be required following an eruption, and that he 
would be able to organise this rapidly himself. 
 
4.1.4.5 Covered yards 


The woolshed and covered yards have the capacity to hold 1,300 ewes if required. This 
would be used if ashfall became an issue, especially for sheep about to be shorn or recently 
birthed. 
 
4.2 Study farm 2: Bridge Pa 


4.2.1 General information 


Study Farm 2 is an 850 ha (2,100 acre) sheep and beef farm located close to Bridge Pa, 
central Hawke’s Bay, which typically runs 6,200 sheep and 400 cattle (Figure 3.2).  The farm 
is split into two blocks with a 500 ha block running 3,200 sheep and the 400 cattle, the other 
350 ha block runs 3,000 sheep.  As with any stock farm, stocking rates vary throughout the 
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year depending on the availability of feed.  At the time of interviewing (2 May, 2007) most of 
the cattle were away due to the dry conditions.   
 
The farm has 3 barns, each with a capacity for ~230 large square bales (4x3x7 ft), giving the 
farm a supplementary feed reserve of ~700 hay bales.  As much hay as possible is made on 
the farm during the November-January period, although in dry years it must be bought in, 
particularly when it is a dry season (such as had to occur during the 2006/07 season).  
Power for the farm and house is mains supply from overhead wires.  
 
4.2.2 Water supply 


The farm has several springs which feed creeks running through the farm.  The “main spring” 
has never dried up, but the other 2-3 springs dry up during summer months requiring a 
trough system.  Water for the trough system is supplied from the “main” spring at an open 4 x 
4m surface water body where one hydro-ram pumps ~9,500 L (2500 gal) per day from 1.5 m 
below the surface to two storage tanks.  It lifts the water ~200 m (550 ft) to four 20,000 L 
concrete storage tanks.  A 4 inch drive line falls about 10 m (30 ft) to give sufficient head to 
distribute water to the troughs. 
 
The water from the springs is limey, although there are no scaling problems reported with the 
farm water system.  The house uses a roof water supply collected in a 40,000 L (10,000 gal) 
tank (Figure 3.6).  There is the ability to switch the house onto the farm supply if required. 
 


 
 
Figure 3.6 Rain water collection tank – for house supply 
 
4.2.2.1 Stock drinking water 


Stock drinking water is the primary water use on the farm.  This demand is met by a trough 
system throughout the farm and is supplemented by the spring-fed creeks when they are 
flowing.  Modern 750 L round troughs are used predominantly, whilst there are also some of 
the older style 750 L rectangular troughs. 
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Water demand varies throughout the year, although it peaks during the hot summer months 
creating a significant demand.  The farmer noted it is critical to have water during the 
summer months with temperature highs at times reaching >30˚C for several days in a row.  
Water consumption is also related to the feed quality.  If livestock eat a lot of rough dry feed 
(such as hay, or pastures after a dry summer) then stock require a lot more water from the 
trough system.  During the summer period, monitoring of the water supply system is one of 
the key farm tasks, ensuring there are no leaks and that all stock has adequate access to 
water. During cooler periods of the year stock don’t require so much water and gain more 
through their feed. 
 
The trough water system has no resiliency in the system, with only one break or leak 
potentially disrupting water supply to one or more paddocks. If unnoticed, such leaks can 
potentially drain the storage tanks too, further reducing the resilience of the system.  
 
No irrigation is carried out on the farm. 
 
4.2.3 Natural hazard experience 


4.2.3.1 Ruapehu eruption of 1995 


The farm experienced one very light (less than 1mm) ashfall during the 1995 eruption from 
Ruapehu.  The eruptions essentially caused no problems at all to the farm’s infrastructure.  It 
caused minor irritation to eyes, collected in the guttering of the homestead and was noticed 
on the surface of machinery left out in the open.  There was no noticeable deposition onto 
pasture and or impacts to the stock.  Livestock were not put off eating or drinking.  There was 
also no noticeable impact to the farm water supply or any machinery. 
 
No warning was given of the eruption, although it was certainly visible from the farm.  There 
was very little known about it by the farmers or within the rural community at the time. The 
farmer cannot remember any information that was distributed to the rural sector following the 
eruption.   
 
4.2.4 Vulnerability to volcanic hazards 


The farm’s water supply is very vulnerable if electrical power is lost during an ashfall event, 
particularly as there is no back-up generator capacity on the farm.  The loss of the pump 
outside of summer may not be a significant issue, as stock could drink from creeks and 
springs which would probably be relatively free of ash if outflow volume is sufficient.  
Vulnerability is greatest during the summer months when water demand is at a peak and 
surface water resources are at their minimum. 
 
The surface water area at the “main spring” is vulnerable to ashfall and may result in 
detrimental effects to water turbidity and chemically quality.  It may also cause accelerated 
wear to the pump or even mechanical failure.  Again, vulnerability is highest during the 
summer months when the trough network is relied on to meet a very high water demand. 
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4.2.5 Potential mitigation of volcanic hazards 


The farmer said he would use common sense, ensuring firstly that people on the farm were 
safe and catered for.  Then stock would be considered, although he was unsure exactly what 
could be done for them.   It is likely he would monitor impacts and respond with problems as 
they arose on a priority basis. If warning was given that an eruption was likely or ash was on 
the way he would not alter farm plans greatly. 
 
4.2.5.1 Roof water supply 


The first thing the farmer said he would do during an ashfall would be to secure the roof 
water supply and switch over to the farm supply.   
 
4.2.5.2 Farm water supply 


There was some concern that the pump intake may block or clog from ashfalls.  The farmer 
believed little could be done about the water supply, other than hope it does not block up. 
 
4.2.5.3 Power supply 


There is no back-up power; no diesel backup generators. However the house has a 
barbeque and wet backs for self-sufficiency. 
 
4.2.5.4 Stock evacuation 


The farmer considered that stock evacuation is unlikely to be a feasible option. He 
commented that there is no guarantee that stock could be evacuated to areas free of ashfall, 
and that there are major logistical issues with evacuating stock. He reported that if the 
situation warranted it, he would ‘open the gates and let the stock go.’    
 
The farmer did not consider destocking, pointing out that it typically takes seven to ten days 
to organise grazing during non-crisis periods, and that warnings of an impending eruption 
could potentially be shorter than this (depending on the level of volcanic activity).  
 
4.2.5.5 Sources of information 


Any information distributed by emergency management authorities on preparing and 
recovering from a volcanic eruption would be appreciated by the farmer, especially if it could 
be used as a check-list or reminder. The farmer was unsure of what could be done to 
mitigate the effects of ashfall and believed a checklist would be useful.  
 
4.2.5.6 External assistance 


The farmer had a low level of expectation of external assistance. Nothing is expected from 
central or local government agencies.  The farmer noted:  
 


‘You are on your own on a farm - you wouldn’t get any help until they had dealt 
with Napier and Hastings!’ 
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4.3 Study farm 3: Western Bays, Lake Taupo 


4.3.1 General information 


This farm includes two blocks with 280 ha on the Western Bays site (Figure 3.7) and a 
further 1700 ha near Raetihi. This study only includes information for the Western Bays block 
(Figure 3.2).  There are 4000 stock units on the farm, with approximately 3000 sheep and 
300 beef cattle.  
 


 
 


Figure 3.7 Study Farm 3, Western Bays, Taupo 
 
 
4.3.2 Water supply 


This farm obtains its water supply from a spring several kilometres to the west. Water is 
pumped from a pool below a culvert (Figure 3.8).  The intake is out of the main flow, making 
it less susceptible to flooding (it was not affected by a small flood in 2003 during which 60mm 
of rain fell in 40 minutes).  Due to the turbulent nature of the stream, the intake is largely self-
cleaning. Water is extracted by submersible pump to a settling tank, filtered and three multi-
stage pumps pump water back to the farm (Figure 3.8). 
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Figure 3.8 Intake area from surface water supply; multistage pumps 
The farmer gave a brief account of how the farm’s water supply has evolved over time: 
 
In the 1960s when the area was being developed for farming by Lands and Survey, ground 
water bores were put down. Extraction was at a faster rate than recharge, and as bores dried 
up, new bores were put down.  As a result there are approximately six redundant bores on 
the farm. A larger bore was drilled in the early 1980s by Landcorp but this well collapsed.  
Other water supply options were trialled, such as a stream supply located 9 km away.  This 
was supply was impacted during the 1996 Ruapehu eruption (discussed below).  Access and 
supply security issues led to this supply being abandoned, not the eruption impacts.  It was 
finally decided that the best option would be to obtain water from a spring-fed creek.  This 
required seven consents and cost approximately $130,000 to set up. The system was initially 
established in partnership with two other sheep and beef farms, but these have since been 
sold and combined into a dairy farm. This has put pressure on the water resource with 
around 95% of the extracted water going to the dairy farm. 
 
The system is designed for extracting 140 m3/day of water, with a consented take of 200 
m3/day of water allowed. The study farm only requires 4% of the 200 m3/day of water. The 
system is closely monitored due to the number of consents issued, so the farmers keep the 
system in very good repair.  
 
The stream water is of excellent quality and is suitable for human consumption. 
 
4.3.2.1 Stock drinking water 


Stock drinking water is the primary use of water on the farm.  The homestead also draws 
water from the farm system.   Water is pumped to the tanks and then gravity-fed to the 
troughs. There are 90 troughs which consist of a mix of round and rectangular types (most 
are 200 L). The ballcock valves are protected from the stock and are constantly serviced 
every time the farmer is out around the farm.  There is storage on the farm for 100,000 L of 
water, independent of the water extraction system. The period of maximum water demand is 
during late summer, when temperatures are high and pastures have dried out so that 
livestock are not gaining significant hydration from grazing. Water consumption has been 
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measured at approximately 20,000 L/day during this period.  This gives five days water 
supply for the farm if the supply is lost, assuming maximum water consumption (i.e. hot dry 
summer days); during winter or rainy periods this would last for 2-3 weeks (depending on 
conditions). 
 
4.3.2.2 Power supply 


The reliability of the power supply has been a problem in the past.  The longest outage 
experienced has been eight hours, which prompted consideration of purchasing a generator 
for the water supply.  No generator had been purchased at the time of the interview. 
 
4.3.2.3 Pumice fragments 


Fine pumice fragments in the water are highly abrasive to the impellors within the pumps, 
wearing them out over a period of years. They also block the filters at the extraction site, 
degrading their effectiveness. The pumps consist of a series of vertically-stacked impellors, 
with the greatest wear on the bottom impellor at the water inlet. Replacing only the worn 
impellors has been attempted, but it was found to be easier to simply replace the entire 
pump. Pumice fragments ranging from silt-sized to pebble-sized have been found in the 
filters. 
 
These problems have prompted a redesign of the water system. Water is now taken from an 
extraction point one third of the way down the settling tank to allow for some settling of the 
pumice fragments (which generally are waterlogged and tend to settle to the bottom) to avoid 
blocking the filters.  
 
Volcanic ash is also highly abrasive, and an ashfall would be expected to have similar effects 
on this type of system as the pumice fragments.  
 
4.3.3 Natural hazard experience 


4.3.3.1 Ruapehu eruption of 17 June 1996 


The farm was directly in the path of an ashfall during the 17 June 1996 Ruapehu eruption, 
and received approximately 1 mm ash. The farmers reported that it was ‘a frightening 
experience’, and that the ash irritated their eyes and lungs, such that they had to go indoors 
and shower.  
 
During the eruption the farmer recalls the previous water supply that supplied the farm (9 km 
away) was contaminated by ashfall falling on and washing into the water supply.  Restrictions 
were reportedly declared on water usage, but all the farms in the region during the eruption 
were dry stock farms, so there was considerably less draw than exists now.  
 
Stock were unable to feed for 5-6 days until rains washed the ash off the pastures, although 
no detrimental effects on their health were noted by the farmers. There was no feeding out of 
supplementary feed at the time, but the farmer was beginning to seriously consider it before 
the rain came. Other than being put off their food, the farmers could recall no other impacts 
at the time on the stock or on pasture.   
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Clearing ash from house gutters was difficult as the ash consolidated into a hard, putty-like 
material that was difficult to wash out. Wind-blown ash impacted sheep, clogging wool and 
subsequently causing damage to shearing combs during shearing. The roof water supply 
was disconnected during the ashfall.  .   
 
Logging contractors were on the farm at the time and had to stop operations as the ash got 
in their saw chains causing problems.  
 
4.3.4 Vulnerability of water supply (and farm) to volcanic hazards 


This water supply is fed by surface waters so is more vulnerable than a groundwater-fed 
system. However, the extraction point is close to the spring, which should reduce the surface 
area of the stream exposed to direct ashfall and ash washing into the stream. 
 
The most vulnerable time for impact to water supplies would probably be in middle to late 
summer when water demand is highest and the storage capacity on the farm will be 
exhausted most rapidly. The household supply holds 20,000 L and would probably last 
several weeks.  
 
4.3.4.1 Feed 


Annually, 200 t of grass silage and 70 bales of hay are produced. Swedes and kale are 
usually also grown. Cattle can go on to silage, but if the pastures are covered in ash then 
sheep would also have to go on to supplements. This would significantly reduce stores for 
later in the year, either requiring destocking or purchase of more feed.   
 
4.3.5 Potential mitigation of volcanic hazards 


The first action would be to disconnect the drain pipe to prevent ashfall on the roof entering 
the household supply tank. Based on previous experience, the farmer would not bother trying 
to cover troughs but would wait and monitor the situation. If there was any warning (official or 
visual) then he would make sure the water storage was at maximum capacity. As the main 
water supply intake is in an open stream, it is impossible to prevent ashfall from entering this 
system.  Once the stored water supply ran out, backup options include using a diesel 
generator to get one of the disused groundwater bores operating.  
 
In the event of an eruption beginning to cause significant detrimental effects on livestock, the 
farmer believed he would go into survival mode, cut fences and as a last resort take stock 
down to Lake Taupo for watering. If feasible he would truck water in and/or truck stock out. 
The farmer is strongly aware of the vulnerability of this location, close to the Tongariro 
volcanoes, and reported that he would consider buying in supplementary feed in the event of 
a warning.  
 
4.3.5.1 Expectations of external assistance 


The farmer reported that he would not expect any immediate external assistance from 
emergency management agencies.  However, he had an expectation that power supplies 
would be restored as quickly as possible if they failed, and also that Federated Farmers 
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could play a useful role in donating feed and assisting with transport. Any stock destruction 
would be handled by MAF.  
 
4.3.6 Other users of the water supply system 


The water supply system described above also services a neighbouring dairy farm, which 
reportedly uses 95% of the allocated take for stock drinking water and cleaning the dairy 
shed. Although we did not visit this dairy farm, it is reasonable to predict that it will be highly 
vulnerable to any disruptions to its water supply as it has limited water storage.   
 
4.4 Study farm 4: Rerewhakaaitu 


4.4.1 General information 


Study Farm 4 is located on Brett Road, Rerewhakaaitu (Figure 3.2). It is a 116.7 ha dairy 
farm that carries 350 cows in two herds.  The farm is supplemented by a rented 24 ha ‘run-
off’ block for the purpose of supplementary feed production and extra grazing area. This is 
located several kilometres east of Lake Rerewhakaaitu.  
 
The farm is directly in the shadow of Tarawera Volcano (8 km to the north) and has received 
significant ashfalls from this centre, including the 1886 A.D. Tarawera eruption.  
 
4.4.1.1 Annual farm activities 


Calving begins in August which continues through to September. The beginning of calving 
signals the start of milking, the central economic activity of the farm. About September, grass 
silage (supplementary feed) starts to run out and supplies of maize silage are approximately 
half used. September, October and November are the months of peak milk production for the 
cows, following calving and elevated pasture growth in spring. Maize silage is used up in 
October. Grass silage making begins in November and may continue through to December.  
This usually consists of 50 t of grass silage in pits (silage covered by protective plastic 
sheeting) and 160 round bales wrapped in protective plastic. Mating of the cows is carried 
out in November and December. From January to May milking continues but at a reduced 
rate.  Approximately 100 t of maize silage is purchased in March and stored in bunkers on 
the farm.  Cows are dried off (ceased milking) from May to July. Grass silage is fed out from 
June till end of August to assist the cows through the winter months when in calf.  
 
4.4.1.2 Supplementary Feed 


The quantity of supplementary feed usually stored and consumed on the farm consists of:  
• Round wrapped bales  - 2704  
• Chopped Silage   - 30-40 t  
• Dry matter maize   - 100 t  
 


                                                 
 
 
4 Round silage bales weigh ~0.5-0.8 tonnes each 
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4.4.2 Water supply 


Water is a critical element of any dairy farm. It is required for consumption by stock (drinking 
water) and is used in large amounts for washing down the milking shed and associated 
structures to keep them in a hygienic and acceptable working environment.  
 
The farm is supplied from two artesian pumps servicing the farm’s (including the homestead) 
water supply needs.  It consists of a submersible pump in each bore supplying four 22,500 L 
tanks.  Currently the eastern pump supplies all troughs on the farm and the homestead, 
whilst the western pump supplies water to the milking shed, but the two can be merged into 
one system if required.  The key vulnerability of this system is the reliance on electrical 
power.   
 
4.4.2.1 Stock drinking water 


If electrical power was cut to the farm, there is the potential to set up gravity fed troughs from 
the tanks, from which stock could access water from. This could provide several days of 
water to the herds, depending on climatic conditions.  Dry and hot conditions would mean the 
cows are each drinking 40-50 L of water daily equating to 17,500 L for the herd.  Cold and 
wet conditions would mean a minimal amount of water is consumed with the cows deriving 
hydration through pasture consumption.  Water would also be required for washing down the 
milking shed (albeit not under high pressure, potentially reducing the effectiveness of 
cleaning).   
 
Volcanic ashfall would contaminate the uncovered, round 350 L stock-water troughs in each 
paddock, causing problems as cows drank suspended volcanic ash and any aerosols 
dissolved within the trough water. Lake Rerewhakaaitu was suggested by the farmer as a 
possible emergency water option; however it would also be filled with suspended volcanic 
ash from direct fall and drainage systems.  
 
4.4.2.2 Cleaning the dairy shed 


Contamination of the milking shed was identified as a possible hazard by the farmer. He 
believed water would be the best way to wash down the shed, equipment and cows 
(especially their teets).  The farmer was also concerned that ash washed from the milking 
shed would block drains or cause problems in the effluent sump (with its associated pump). 
 
4.4.2.3 Effluent sump 


The effluent sump is located beside the milking shed to allow the animal effluent washed 
from the milking shed to settle out of the washing water. The remaining water is then sprayed 
onto paddocks. In normal operation the sump occasionally blocks with silt.  The large 
sediment pulse of suspended volcanic ash created by washing down the milking shed and 
associated surfaces during or following an ashfall would probably have a similar effect, 
blocking drainpipes, and potentially damaging the sump pump. 
 
Grills cover the drains at the milking shed which would stop large clasts (>20 mm) and some 
consolidated wet volcanic ash from entering the pipes, but may block as a result causing 
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flooding so would need to be regularly cleaned during wash down. If the pipes were to block 
with volcanic ash, removing volcanic ash from them is a difficult, time consuming and costly 
effort.  
 
4.4.3 Natural hazard experience 


4.4.3.1 1995/96 Ruapehu eruptions 


The farm did not receive ashfalls during the eruptions, although ash fell close by.  The 
farmers remembered the cold and dark conditions that were created by the plume.  They 
recalled discussing the effects on farms that were impacted, with the main complaints being 
that stock were put off eating ash cover pastures and increased supplementary feed was fed 
out.  No official warning of the eruption was received, but the eruption plume was observed 
as it came north. 
 
4.4.3.2 2004 Bay of Plenty floods 


During the 2004 BOP floods up to 500 farms were affected by flooding, with approximately 
50 severely damaged (New Zealand Herald, 20/7/2004).  This sparked an industry driven 
(Dexcel and Federated Farmers) evacuation of stock from the badly effected farms (P. 
Journeaux, pers comm., 2005). About 20,000 cows were moved out of the area generally 
further north into the Waikato and Bay of Plenty (www.maf.govt.nz).  The dairy herds were 
received by non-impacted farms which in return for grazing and care of the animals were 
entitled to the milk produced by the evacuated herd. The Ministry of Agriculture and Forestry 
provided financial assistance for the transportation of these animals.   
 
During this flooding event the farm took on approximately 20 cows for a large part of the 
milking season from one of the severely impacted farms.  Initially it was only meant to be for 
4-5 weeks, but they stayed on for upwards of 10-12 weeks.  This allowed the dairy cows to 
continue lactating and did not need to be destroyed or sent to the works, thus maintain the 
asset and reducing the disruption to the effected farms.  The farmers felt like they were 
helping out fellow farmers, although others in the area which also took on cows felt it was for 
purely economic gain. 
 
4.4.4 Vulnerability to volcanic hazards  


An eruption in summer would have the greatest impact on water supplies to the farm, due to 
high stock drinking water demands.  Whilst the supply would be secure (groundwater) the 
potential loss of electricity during an eruption would create major difficulties.   
 
It would be unlikely that farmers would be able to buy any supplementary feed at the end of 
winter, as most would have used it up. They could probably buy ‘meal’, but this would be 
dependent on how much is stockpiled by farm supply stores.  
 
4.4.4.1 External assistance 


The regional council, MAF, Federated Farmers and Dexcel were all agencies the farmers 
believed they would look to for assistance during or following a volcanic eruption.  
Information on what to do following an eruption would be the biggest initial demand.  There 
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was also some uncertainty on what happens to land severely impacted by ashfall, such as 
will they be allowed to rehabilitate it, what should they do and do they still even own the 
land?   
 
4.5 Study farm 5: Reporoa 


4.5.1 General information 


Study Farm 5 is a 160 ha dairy on Settlers Road, Reporoa in the centre of the Taupo 
Volcanic Zone (Figure 3.2).  It is at high risk from nearly all volcanic centres in the North 
Island.   
 
The farm runs 500 dairy cows, with 100 rising.  Milking begins in August (at the same time as 
calving) and continues for 9 months through to mid-May.  600 t (200 t dry matter) of grass 
silage is produced annually and stored under cover. 
 
4.5.1.1 Water supply 


The farm is supplied by water from the Reporoa Water Supply (RWS), which flows under 
gravity to the farm. The biggest water demands on the farm come from stock drinking water 
requirements and cleaning the dairy shed following milking. It is not used for irrigation. The 
farm has no storage for stock water drinking supplies, but does have a 22,500 L water tank 
at the dairy shed for storing cleaning water. There is no storage for the household, also 
connected to the RWS, and no alternate rainwater supply.  All pipes on the farm are 
underground, indeed water is only exposed to the atmosphere when it reaches the troughs, 
which are 1125 L rounds. 
 
The water supply is distributed throughout the farm with sufficient head (pressure) that losing 
the power is not an issue, but some neighbouring farmers at the same elevation as the RWS 
spring need to pump water to higher reaches of their farms for distribution.  
 
4.5.1.2 Reporoa water supply 


The RWS supply serves 361 properties, supplying 6,800 hectares of farmland and the 
Fonterra Reporoa dairy processing plant (RDC, 2006).  The scheme is supplied by two 
sources; water is gravity fed from Wharepapa Spring located approximately 8.5 km northwest 
of Reporoa township, serving Reporoa township, Fonterra dairy factory and beyond; and the 
Deep Creek spring to the south which is pumped into the Broadlands and Mihi area.  It is 
lightly chlorinated and has no reservoir capacity.  An average of 5,900 m3 of water was used 
daily in 2005 with a peak consumption of 8027 m3. It is supplied through 65 km of pipe work. 
The largest consumer is the Fonterra Co-operative Group Ltd factory.  The farmer is not 
aware of any storage tanks related to the scheme itself. 
 
Different levels of extraction have been set for Farming, Residential and Dairy Factory 
consumers (Table 3.4).  The following is taken from RDC (2006): 
• The sources, pumps and network are designed to supply a steady flow to each farm over 


16 hours with each farm requiring its own on-site storage and if necessary, pumping 
equipment.   
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• The flow for each property is calculated from a daily allocation based on farm area.   
• The allocation is enforced by the use of a flow restrictor at each connection point.  
• The Dairy Factory has one connection supplying a steady flow, plus an extra allocation 


during night hours which it stores in its own reservoirs for use during the day.  
• Residential users receive an unrestricted 24 hour flow. 
• The supply is self-funding, with all costs and revenues identified in a separate stand-


alone account. 
 
Table 3.4 Maximum allowable extraction from the Reporoa Water Supply (from RDC, 2006) 


Individual User Extraction 
Farming 505 L/Ha/day 
Residential 20 L/min 
Dairy Factory 3600 m3/day 


 
4.5.1.3 Stock drinking water 


Stock drinking water demands peak in the summer months, with the farmer quoting that dairy 
cows require up to 70 L/day when they are lactating, depending on the temperature. 
 
The farmer believes that the cows could last without water supplies for up 12 hours in 
summer and 24 hours in winter (maybe 36 hours), but little more.  This will be dependent on 
the ambient temperature and moisture content within feed (i.e. they will last longer on lush 
pasture compared to if they were on dry hay). During winter supplements are usually fed out, 
which can be quite dry. 
 
4.5.1.4 Cleaning the dairy shed 


Cleaning of the dairy shed is a large water use and is required following milking (twice daily).  
Water use is intensive during this period, requiring a 22,500 L tank to ensure sufficient 
supply.  This tank is recharged from the RWS between milkings. 
 
4.5.1.5 Loss of supply 


The water supply is only ever lost for several hours at a time, usually the result of someone 
digging up the pipe and severing it.  This has never significant disruption to the farm. 
 
4.5.2 Natural hazard experience 


4.5.2.1 Ruapehu eruption of 1996 


The farm received a dusting of ash during the 1996 eruptions. The farmers remember it 
getting dark and cold, even though it was a fine day. There was no warning; rather they saw 
the plume coming towards them from the south (Figure 3.3). They could remember light ash 
deposits on clean surfaces, however there were no problems with the gutters and no impacts 
to the farm or stock. 
 
There was slight irritation to the eyes when outside and exposed to the falling ash. The 
farmers were concerned about how much ash they would receive on the farm and how it 
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would affect the pasture feeding regime (feed security and subsequent stock health). They 
did nothing unusual on the farm to prepare for the ashfall.    
 
Water was the last thing on their mind, the supply being assumed to be unaffected. Indeed 
the farmers were more concerned during previous earthquakes because of the potential for 
broken pipes. 
 
The Ministry of Agriculture and Forestry at the time advised that the ash may be toxic to 
animals. The farmers felt there was plenty of information available, although as they weren’t 
seriously impacted by the eruption they were not overly concerned. The noted a lot of 
information following the event in the media and also in farming magazines such as “Straight 
Furrow”. 
 
The farmers reported that for several years following the eruptions, many of the grazing and 
land purchase contracts had clauses with an option to back out of the agreement “subject to 
volcanic activity”. 
 
4.5.2.2 Flooding and geothermal hazards  


Occasionally the farm is affected by short periods of flooding from a creek draining from the 
Waiotapu thermal area, which flows on the eastern border of the farm. The flooding events 
are usually short lived, but occur every few years.  As the water is from the geothermal area, 
it has high arsenic (As) concentrations, so that the remnant flood water (puddles) in the 
paddocks are highly toxic. The toxic salts are concentrated in the soil; not the grass as might 
be expected.  When the cows lick or consume the soil (often due to salt deficiency) they are 
poisoned and usually die within 1-2 days. Because of the salt deficiency, selenium (Se) and 
copper (Cu) supplement salt blocks have been put out in the paddocks to try and alleviate 
this deficiency.  
 
There used to be problems when cows drank from naturally occurring surface water springs 
in the paddocks.  If the cows just drank from the surface of the water it would be ok, but if the 
cows walked through the water, stirred up the As, and then drank they would be poisoned 
(As is a heavy element which rests at the bottom of the water body). These springs no longer 
occur in the paddocks however. 
 
4.5.2.3 Earthquake hazards  


The farmers indicated the farm is “occasionally” affected by earthquakes which can be up to 
4.8 on the Richter scale.  They reported that no disruption has occurred to the RWS and farm 
water supply during following seismic events.  The farm experienced moderate shaking 
during the Edgecumbe earthquake, but the water supply to the farm was unaffected following 
the event. 
 
4.5.2.4 2004 Bay of Plenty flooding 


Following the 2004 Bay of Plenty floods the farm took in 10-15 additional cows from farms 
impacted by the floods.  In return for the cows maintenance the farm was entitled to the milk 
produced by the cows. 
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4.5.2.5 Snow hazards 


The farmers reported there had been several snow falls during their time on the farm, but it 
has only been on the ground till the afternoon and not caused any problem. 
 
4.5.3 Vulnerability to volcanic hazards 


The main vulnerability will be if the RWS pumps (assumed to be electrically powered) at the 
spring intake loses electrical power resulting in district wide disruption of water supplies. 
There is no resilience in the form of stored water on the farm; rather there is total reliance 
that the RWS will continue to function. There are no alternatives to this supply, with 
surrounding surface water bodies toxic to stock consumption. 
 
During a volcanic ashfall, there is unlikely to be any problems with the water supply on the 
farm, provided that the RWS continues to operate normally. The only exposed water is in 
troughs which may be contaminated by ash leaching soluble aerosols into the water and 
turbidity. If the supply is disrupted however, stock water troughs will be rapidly emptied by 
thirsty cows. Survival time is therefore in the order of hours, rather than days. Once the 
supply is lost there is no resiliency anywhere in the district, with all farms relying on the same 
water supply. 
 
The farmer noted that cows will hunt water if they are thirsty and will happily break through 
fences. If they are water stressed they may panic and break fences to reach the 
hydrothermally enriched stream on the eastern boundary. 
 
Cleaning down of the dairy shed may create some problems, with the ash turning into a 
paste when wet. It may cause some problems to drains and in the effluent sump (Wilson and 
Cole, 2007). 
 
4.5.4 Potential mitigation of volcanic hazards 


The farmer was unsure to what extent he would prepare for an eruption. He thought buying 
in extra feed would be the first action if there was sufficient warning. He believed grazing 
could not be arranged in ‘safe’ areas before an eruption due to the uncertainty of which way 
the wind will distribute ash. The farmer noted the time of the year becomes a critical variable, 
with the worst scenario if cows were in full lactation. He further noted that if he needed to cull 
animals, he wouldn’t know which to take out first; the top 10% are almost as good as the 
bottom 10%. They believed the destruction of genetic stock would be a terrible loss to them 
and to the country.   
 
4.5.5 External assistance 


The farmers said any information on how to deal with the effects of a volcanic eruption would 
be highly appreciated. The local paper was suggested as an excellent means to distribute 
information to farmers. If brochures were sent around, there are so many in the mail that 
people would probably just throw them out. The MAF website was also identified as a good 
place to look for information. 
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Federated Farmers would be the first choice in an emergency as an agency to assist and 
advise farmers, especially in terms of: 
• co-ordination of relief supplies 
• trucking stock out (i.e. advice whether livestock should be moved immediately or later) 
• what the impacts will be  
• what to do to mitigate the effects 
• how quickly you need to do things 
 
4.6 Study farm 6: Eltham 


4.6.1 General information 


Study Farm 6 is a dairy farm located on Kaponga Rd, South Taranaki, around 6 km west of 
Eltham and 10 km north of Manaia. The farm has 125 ha (112 ha effective) running 410 
Jersey cows, on Taranaki brown loam soil, with an average annual rainfall of 1,400 mm, and 
supplies milk to the Fonterra Co-operative. It is part of the Waoikura model catchment - a 
water catchment study conducted by Fonterra and MAF. 
 
Milking begins in early August and continues through to mid-late May (finishing on 24 May in 
2007). Approximately 8 ha of silage is produced on the farm; 145 t of maize silage and 300 
big square (4 by 3 ft) hay bales are also purchased.  
 
The electricity supply is from overhead power lines situated along the road. There is no 
backup generator if the power was disrupted. 
 
4.6.2 Water supply 


4.6.2.1 Waimate West Water Supply 


Water is supplied to the farm from the Waimate West Water Supply (WWWS). This scheme 
is one of eleven run by the district councils in Taranaki (South Taranaki DC in this case). It 
supplies a population of ~4,000 (802 metered connections; 622 properties rated for water 
supply, which includes 27,000 ha of dairy farmland), including the towns of Manaia and 
Kaponga.  The supply is metered with users paying on a per m3 basis. There is also a base 
charge for each intake (or connection) from the supply.   
 
4.6.2.1.1 Intake 


The scheme has three intakes; the main intake is in the Mangawheroiti stream, with the other 
intakes in the Otakeho and Mangawhero streams, diverting flow to the Mangawheroiti. The 
intake structure on the Mangawheroiti stream coarsely filters water through a boom, metal 
screen and a bag, which removes unwanted material such as pine needles (Figure 3.9 and 
3.10). The water flows under gravity (with some additional boost pumping) to the WTP.  
 







 


 


GNS Science Report 2009/01 41 


 


 
Figure 3.9 General view of intake with stream in foreground 
 
4.6.2.1.2 Water Treatment Plant (WTP) 


The water is gravity fed from the intake structure down to the water treatment plant (WTP) in 
Rowan Rd where it is treated (coagulation, flocculation, clarification, filtration, chlorination, 
and pH correction; Figure 3.11).  There are two absorption clarifiers with a combined rating of 
~730 m3/hr. There are five automatic valveless gravity sand filters also rated at ~730 m3/hr.     
 


 
Figure 3.10 Filter bag 
 
Each of the supplying streams and their intake structures are highly vulnerable to ashfall, 
lahar and pyroclastic flow hazards which may impact the area during an eruption of Taranaki 
volcano.   







 


 


GNS Science Report 2009/01 42 


 


 
Figure 3.11 Water Treatment Plant – Waimate West Water Scheme 
 
The site has significant electrical power demands for the treatment process. If the power 
stops, chemical dosing stops, clarifiers and filters cannot be backwashed and raw water 
booster pump stops. Production would reduce markedly during one day. The plant can be 
bypassed if required, but some equipment can be run with a portable generator and tractor 
PTO. There is also the capacity for emergency disinfection (chlorinator). 
4.6.2.1.3 Storage 


Near the WTP there are two reservoirs, with a total capacity of 13,500 m3 (Figure 3.12). The 
daily water demand is 17,700 m3/day, giving less than one day’s supply in the reservoirs. 
Water is pumped to users, but this can be bypassed to give a maximum gravity fed of ~500 
m3/hr. 
There is enough storage capacity for 18 hours supply (during high demand periods) or 3-4 
days during winter when stock drinking water requirements are reduced. During peak 
demand (washing down the dairy shed) each reservoir will be drained by a third as the 
system cannot keep up with demand.   
 


 
Figure 3.12 One of the two Waimate West scheme storage tanks  
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4.6.2.1.4 Vulnerability 


Staff at the WTP mentioned that the system can barely handle the demand at present and 
are exploring for groundwater to supplement the supply, although there has been Fe and Mn 
contamination in the exploratory boreholes. Motivation for diversifying the supply comes from 
the significant pressure on the current supply and the additional benefit of providing greater 
resilience to volcanic hazards. This would greatly increase the resilience of the supply, 
offering an alternative to the vulnerable surface water takes. 
 
4.6.2.2 Farm water supply 


There are three intakes to the farm from the WWWS.  The intakes feed an interconnected 
system which supplies all water requirements on the farm, including domestic supply, stock 
drinking water and dairy shed cleaning water. Water is piped directly to stock water troughs; 
there are 30 paddocks with four 150 L round troughs in each (120; Figure 3.13).   
 


 
 


Figure 3.13 150 L round stock water trough 
 
A 4,000 gallon storage tank (~18,000 L) behind the milking shed is the only water storage on 
the farm, and is used to store water for washing the dairy shed (Figure 3.14). Supply to this 
tank is supplemented by rainwater from the roof of the dairy shed (the only catchment of 
rainwater for any use on the farm, including domestic supply).  
 
As the farm is only several kilometres from the WWWS storage tanks, during past periods of 
water stress the farm has continued to receive water when others further from the scheme 
have not.     
 
4.6.2.2.1 Water Use 


Stock watering is essential throughout the year. The heavy water use period is from the end 
of December through to March. It is estimated by the farmer that the dairy herd consumes 
between 50-60 m3 of drinking water daily during the summer (100 L/cow), but this reduces to 
~15 m3 of water daily in winter (40 L/cow).  Water use for dairy shed cleaning is estimated to 
be ~22 m3 per day. Cleaning following each milking uses approximately two thirds of the 
4000 gal water storage tank at the dairy shed.  
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Figure 3.14 The dairy shed looking north towards Taranaki volcano – note the rain collection tank in 
the centre 
 
The peak water consumption for the farm is from mid-December through to mid-March, when 
up to 120-140 L/cow/day is used, largely due to essential stock drinking water requirements. 
The total daily water demand just for the farming operations is therefore 410 cows x 120 
L/cow/day in summer = 49,200 L/day or 49.2 m3/day. In winter usage will be ~15-18 m3/day. 
So there is clearly not enough storage on site to keep them going for long, even in winter, if 
the supply was to stop.  
 
Washing the dairy shed is essential during the milking season to maintain a hygienic and 
clean shed, but is not required during non-milking periods.  
 
The annual water bill for the farm usually adds to several thousand dollars per year.   
 
4.6.2.2.2 Unused bores 


There are several old wells on the farm which were abandoned when the new WWWS was 
put in. There is a submersible pump (stored on the farm) which the farmer assumes could be 
used to reactivate these wells, although notes it could be risky to rely on them and would 
only be a last resort. 
 
4.6.2.3 Effluent ponds 


Effluent drains from the dairy shed to two ponds.  These ponds store the effluent, and 
cleaning water washed from the dairy shed following cleaning, allowing settling of solids.  It is 
then pumped out onto the pastures by an effluent pump (designed to pump solids).  Each 
pond measures 20m by 20m and 4 m deep, although only one pond is currently used (Figure 
3.15). 
 
4.6.2.4 Loss of supply 


The water supply has never been lost to the farm in living memory, although there have been 
restrictions declared (such as over the 06/07 summer). Other users of the same and other 
schemes have lost water supplies however.   
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During the 06/07 summer the reservoir got down to 17-18% of capacity, so the managing 
authority reduced the water pressure to try and reduce consumption and build back up the 
capacity.  Users were told to conserve water. A good rainfall soon cleared the problem – but 
there was significant concern for a period. 
 
There is no experience of dealing with natural hazards on the farm. 
 
4.6.3 Vulnerability to volcanic hazards 


The farm’s water supply is extremely vulnerable to volcanic hazards as the catchments that 
feed the regional scheme (the WWWS) are vulnerable to lahars and pyroclastic flows from 
Taranaki volcano, in addition to ashfall. The increased sediment load that could be deposited 
within the catchments by volcanic hazards, may result in catastrophic failure of the water 
intake or the WTP and disrupt water supply to users.  As the system is under stress during 
normal operation; demand is likely to be exaggerated during and following an eruption further 
putting pressure on water supplies.  
 


 
 
Figure 3.15 The effluent ponds 
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Water demand is likely to increase during an ashfall as additional water is required to 
remove/clean the ash/effluent mix from the dairy shed. Water may even be required to wash 
ash from the cow’s teats to reduce inflammation during milking (Wilson and Cole, 2007). 
 
The WWWS is reliant on electrical power supplies for all water treatment systems and pumps 
to work at maximum capacity.  However if power was lost to the plant, and water supplies 
were still relatively clean, a gravity feed of 600 m3/hr is possible from the intake structure. 
The WTP can be bypassed and water gravity fed to farms.  Such a situation would have to 
be closely monitored to ensure that ash did not build up and block the water supply. There 
may also be the option of choosing which stream to take water from, depending on relative 
levels of turbidity. 
 
Staff at the WWWS said that there had been no contingency planning for volcanic flow 
hazards (lahars and debris flows). However, they anticipated that the system would probably 
deal with light ash showers, but moderate-heavy ash showers would cause significant 
problems for the water treatment process.  
 
On the study farm, the roof feed to the dairy shed cannot be disconnected so would probably 
be severed by hacksaw in the event of an ashfall to protect the rain-fed water tank from ash 
contamination. 
 
4.6.4 Potential mitigation of volcanic hazards 


The farm didn’t receive any ash during 1995/1996, and when asked what they would do in 
the event of an impending ashfall, they were uncertain what the best action would be. The 
farm manager believes they would carry on as normal on the farm – assessing what impacts 
occur and responding as needed.  Plans would be made, but would depend on the level of 
warning and severity of the ashfall. 
 
They are entirely dependent on the water scheme, with a limited amount of potential to use 
rainwater (could collect it from the roof of the main house, and they already collect it from the 
milking shed).  There is no PTO facility for water pumps, and there is no generator on the 
farm. 
 
Stock troughs would be cleaned out.  If the water supply was lost, stock would be moved to 
troughs with water, although this would only extend supplies in the order of hours, rather than 
days – as may be required. 
 
The farmers believed Fonterra would be the best source of information, working on the 
assumption that the company is a large and well-resourced organisation with multiple 
information channels. They expect that water would be brought in by tanker to keep them 
going if the supply was lost. They didn’t have any expectations of help from MAF, Federated 
Farmers, the regional council or MCDEM.  
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4.7 Study farm 7: Hastings Vineyard 


4.7.1 General information 


Study Farm 7 grows 35 acres of Merlot and Malbec grapes. A further 10 acres is grown off 
the main site. These grapes are processed onsite along with ten acres of grapes from a 
neighbouring vineyard. The vineyard includes a restaurant which draws water from the same 
supply as the vineyard. The Property Manager was interviewed for approximately 1.5 hours, 
and a tour was made of part of the vineyard. 
 
The vineyard is sited on Matapiro sandy loam, which is a free-draining soil. There is a hard 
pan 800mm below the surface which creates difficulty for post driving. 
 
Vines are established on 500m lines each with two wires (Figure 3.16).   
 


 
 


Figure 3.16 Vines 
 


4.7.2 Water supply 


The vineyard is supplied from a 20m bore at the western border of the vineyard. Water is 
pumped out of the bore with a single-phase submersible pump. The pump and bore are 
enclosed by a casing inside a shed. The pump is electrically powered with the power supply 
coming from standard sub-aerial power lines which run along the road on the western 
boundary of the vineyard. There is no provision for emergency backup power (i.e. a 
generator or tractor PTO). Water is pumped as required, with no pressure or storage tank 
providing any resiliency if the pump fails. If the water supply was out for any period of time 
during the vintage then there would be a significant loss of production. All water requirements 
for the property (including the restaurant) are met from the bore, and if the water supply 
failed, the restaurant would be unable to operate significantly impacting economic 
performance of the vineyard. 
 
The only storage facility for water on the property is a tank of approximately 20,000 L 
capacity which collects water from the roof of the wine-processing shed. This could be used 
as a short term measure, and the tank can be disconnected from the roof. 
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The water from the bore (and in this area) has high hardness. Scale deposits are a problem 
for the hot water system in the restaurant and a deioniser is used.  The irrigation lines get 
scale deposits within them, reducing flow efficiency and can ultimately block.  Recently the 
town water supply has been extended out to the vineyard, and this could be an option for the 
future as it may have a lower hardness than the groundwater.  
 
4.7.2.1 Vine irrigation 


Irrigation has been installed throughout the vineyard. ‘Drippers’ have been installed below 
the canopy of the vines at 1.5m intervals and drip onto the roots of the vines. Each dripper 
provides ~4L per hour for four hours per day, usually five days per week, during dry periods 
which usually occur between September and February. This rate is reduced if there has been 
sufficient rainfall, with 10 mm rainfall being sufficient to replace a week of irrigation.  
 
Stony high ground needs the most water, other areas less. The establishment of new vines 
has the highest water demand of any farm activity. Irrigation of new vines promotes growth 
and the development of deep root systems, and can have a strong influence on the ripening 
of the first crop on time for harvest. New vines are irrigated during the growing season from 
November to February.  
 
The vineyard uses a manual system which pumps water on demand. There is not enough 
capacity in the system to meet the demands of both the restaurant and the irrigation system, 
so irrigation is done during the night, which also reduces evaporative losses.  
 
4.7.2.2 Winemaking  


Water demand is high during the winemaking process, particularly during the vintage 
(typically between March and May). The main use is for cleaning out equipment such as the 
tanks.  
 
4.7.2.3 Restaurant 


The restaurant has a high water demand for food preparation, washing and cleaning. Six 
septic tanks have been installed to deal with wastewater from the restaurant, toilets, and 
winemaking process.   
 
4.7.3 Natural hazard experiences 


4.7.3.1 Effects of Ruapehu eruption in 1995 


The Property Manager was not working at the vineyard during the 1995 eruption, but was at 
a vineyard further inland which experienced traces of ashfall. No warnings were received. He 
reported that the quantity of ash received had little effect, despite the fact that this event 
occurred during the growing season. No changes to operational decisions or mitigation 
methods were required. Even the sensitive leaves of the vines were not impacted.  
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4.7.3.2 Volcanic activity in 1991? 


The property manager recalled that the summer of 1991/92 was a poor grape growing 
season for the Hawkes Bay region.  He said the low sunshine hours resulted in a heat deficit 
which delayed the ripening of the grapes and reduced the quantity and quality of the crop 
produced that year.  The property manager estimated that “at least” 20-30% of production 
value was lost.  If the cooler conditions had occurred during flowering then the effects could 
have been significantly worse.   
 
The property manager attributed this cool summer to the result of increased particles in the 
atmosphere (aerosols and fine ash) from the eruption of Pinatubo volcano in the Philippines 
[in June 1991].  It is more probable that these effects were caused by the Hudson eruption in 
Chile, South America [in August 1991], as distribution of volcanic plumes are usually largely 
constrained to the hemisphere they erupt in.  
 
4.7.3.3 Frost in 2003 


In 2003 a heavy frost led to estimated losses of 50-60% in production value for the study 
farm and surrounding vineyards. The property manager reported this had a significant impact 
to the local industry and prompted significant information sharing on how to mitigate frost 
damage following the event. 
 
4.7.3.4 Salt spray 


There are problems with easterly storms blowing salt spray (sea water vapour) onto the 
vines.  This causes sensitive areas of the leaf to die (brown tipping; Figure 3.17).  New 
leaves are reported to be most vulnerable, such as in those forming in the spring growth 
period.  This is a coastal issue, impacting only vineyards in close proximity to the beach. 
 
To mitigate the effects of the salt spray, the irrigation system is turned on to try and dilute the 
salt spray.  Trees have also been planted as windbreaks to try and block the wind/spray. 
 
This is only really a problem for vineyards close to the sea.  Some other vineyards have 
installed large (25mm diameter pipe) irrigators which they turn on to wash off the salt spray 
whenever the easterly storm is coming in.  This may also be useful in event of an ashfall. 
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Figure 3.17 Vine leaves suffering damage from salt spray 
 


4.7.4 Vulnerability of water supply (and farm) to volcanic hazards 


The water supply on this orchard is relatively invulnerable to volcanic ashfall as it is derived 
from groundwater, and the pumping equipment is housed in a shed, and the irrigation system 
is enclosed. The main vulnerability is the potential loss of power.  The heads of the irrigation 
drippers could accumulate with ash and block up, although as they are facing downwards the 
ash should not settle on them.   
 
4.7.5 Potential mitigation of volcanic hazards 


The Property Manager believes the management approach (unless otherwise advised) would 
be to wait and see what the impacts were and then to respond as appropriate. He thinks it 
would have to get pretty bad before they would actively look for outside assistance.  
 
The property manager wanted accurate, rapidly distributed information on likely effects and 
what can be done to mitigate effects would be the most useful action emergency response 
agencies could provide.  The Regional council would be the first source approached for 
information.  Later, financial aid would be appreciated, but not expected. 
 
He thought the vineyard would make changes if useful information was provided in advance.  
His belief is that present natural hazard literature in the viticulture community is about frost 
control (after the 2003 event). He noted that it usually takes a severe impact from a 
hazardous event before good information is distributed. 
 
4.7.5.1 Possible methods for removing ash from vines 


The use of the irrigation system may wash some of the ash off the vines. There is also the 
possibility of blowing and shaking the ash off with a mechanical harvester. Such machines 
have a leaf plucking system which reduces the leaf/stem ratio.  This is usually done in the 
late spring to reduce the leaf area to let more light in to other areas of the canopy.  The 
disturbance of blowing air and mechanical shaking these machines would probably remove 







 


 


GNS Science Report 2009/01 51 


 


at least some ash, but there could be potential damage to the machinery (increased wear on 
moving parts and congestion of engine).  Alternatively harvesting pods could be put on the 
machines, which shake the vines quite vigorously and may stir up the ash less. They are 
very fast, so would be able to cover a big area. It was estimated by the property manager 
there are 20-30 grape harvesters in the Hawke’s Bay region – they run 24/7 during the 
harvest season (late February-late April). Alternatively, a sprayer could be used to spray 
water onto the vines to try and clean the leaves and grapes of ash. 
 
If the ash was wet these methods may be less successful.  Factors that might affect ash 
removal include: how recently the ash fell, and a possible window when it is best to attempt 
removal.,   
 
4.7.5.2 Labour 


As a small operation, it was perceived that additional labour could be rapidly recruited if 
required. However, this is likely to be much more difficult for larger acreages.  
 
4.7.5.3 Machinery 


Many of the viticulture tractors have full cabs and have carbon filters for spraying operations.  
This would probably mitigate intake of ash if operated during an ashfall, although would 
probably require regular, time consuming cleaning. Most other machinery is under cover.   
 
4.7.5.4 Sourcing information 


The Property Manager said he would look on the internet for information, then follow up with 
the regional council.  He understood that the weather would be the key for any event and 
would want data on what the likely impacts would be, with examples from other areas.  He 
said he would phone other areas closer to the volcano which would be hit first and harder 
than they would, so hoped that information would flow back from these areas to the wider 
viticulture community.  He believed that such information would be sent to the relevant 
authorities for distribution. 
 
In the event of a large eruption he would wait and see what the impacts were and then react. 
However if information was available before the event it would be very useful, and would be 
rapidly distributed throughout the viticulture community (good infomation distribution 
networks).   
 
4.8 Study Farm 8: Cambridge Kiwifruit Orchard 


4.8.1 General Information 


Study Farm 8 is a 5.5 ha kiwifruit orchard, 4 ha of which is in kiwifruit. The orchard is sited on 
river terraces along the Waikato River, 8 km from Cambridge, on light loam soil which is very 
free draining. 
 
The farmers grow the ‘Green’ variety of kiwifruit, with approximately 1000 plants per hectare; 
each plant supported on a 6 ft pagoda system (Figure 3.18).  Two out of three rows are 
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female plants.  When the plants are established the canopy of leaves develops like a roof, 
with the fruit protected below.   
 
Bud development begins from the end of September through to the end of October.  
Flowering and pollination occurs in November, with fruit set taking place in December. 
Pollination is highly reliant on bees ($130/hive).  Spring is therefore a time of major growth, 
with new cane and leaf growth (irrigation is important during this time).  A rule of thumb is 
that fruit development and growth period usually takes 150 days (from fruit-set through to 
harvesting).  Harvest occurs from late-February through to May, depending on variety and 
the season.  The ‘Gold’ variety is a month earlier than the ‘Green’ variety usually, so require 
more extensive frost protection systems.   


 
 
Figure 3.18 Kiwifruit plants and pagoda system. 
 
The time from planting to full maturity is seven years.  During the initial 2 years no fruit is 
produced, but from the third year on fruit is produced in increasing volume. Estimated 
production for the 2007 season was 15,000 trays of fruit.  As the orchard is in second year of 
production, this figure is estimated to double (~30,000 trays) when the crop is fully mature.   
 
The location of the farm means only ashfall hazards will ever impact the farm during a 
volcanic eruption. 
 
4.8.2 Water Supply 


Environment Waikato did not allow the farmers any extraction of water from the Waikato 
River, despite several other properties having consents (first in first served type basis).  
There are two water uses on the farm, irrigation and domestic supply for the house.   
 
Irrigation of the orchard is serviced by a 4-inch cased bore at a depth of 100m.  Maximum 
consented extraction is 120 m3/day.  There is sufficient aquifer pressure to raise water to a 
20 m depth.  A submersible at 45 m depth pumps the water out of the bore.  Water quantity 
is excellent; during well tests (maximum pumping for a sustained period) the water table 
dropped 5m, but recovered within 24 hours.  The water contains no sediment; however it has 
a high concentration of Manganese (Mn) and Iron (Fe; at least initially) making it unsuitable 
for household. 
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4.8.2.1 Irrigation 


Irrigation typically occurs from mid-January through to late February, and typically lasts for 2 
h/daily. In dry years irrigation may begin in late December.  The irrigation system uses 
‘drippers’ situated below the canopy to irrigate water onto the roots of the plant (Figure 3.19). 
There is a 25,000 L storage tank for ensuring there is enough water for irrigation.  Water is 
taken directly from the bore to the tank and then pumped to the irrigators.  At no time is the 
supply exposed to the atmosphere (and thus ashfall hazards), so should be relatively 
resilient to ashfall hazards. 
 
4.8.2.2 Domestic Supply 


The house is supplied by rain water collection from the roof.  Water is stored in a second 
25,000 L tank.  There is the provision to switch over to the irrigation supply if required in an 
emergency. 
 
4.8.2.3 Frost Protection 


Late spring frosts would be quite devastating to the flowering of the kiwifruit crop.  There are 
currently no provisions for frost protection, although this is a likely development in the future.  
It would involve setting up a series of small spray nozzles above the canopy of the kiwifruit.  
It could potentially just involve extending the existing canopy dripper tube above the canopy.  
However it is a very expensive to set up such a capability, as the bore would need to be 
widened to a 6 inch casing (the current 4 inch cased bore cost over $10,000). 
 


  
 
Figure 3.19 Drippers 
 


4.8.3 Natural Hazard Experience 


4.8.3.1 1995 Ruapehu Eruption 


When the farmers were dairy farming at Matamata they received a dusting of ash.  There 
were no problems to the farm at all and it was regarded simply as an interesting experience, 
mainly because the rain simply washed it all off. 
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There was no information distributed during this period that they can remember.  If they had 
been impacted further then more information would have been greatly appreciated. 
 
4.8.3.2 Vulnerability to Volcanic Hazards 


An ashfall during bud development and flowering of the plants is likely to cause significant 
damage to the plant and have a serious impact on the yield (potentially destroying all fruit 
development by the plant).  If the ashfall occurred after fruit set, then ash could potentially be 
washed off and some of the crop saved. However, cleaning of ripe fruit that have been ashed 
on would be a challenge, given the huge number of fruit and the hairy nature of the fruit.  The 
Gold variety is less hairy so may be more resilient from this respect; however they are more 
sensitive to fluctuations in environmental conditions and go to mush very easily. 
 
Once leaves develop, the fruit below is protected.  This would provide some protection during 
light ashfalls, however rainfall and remobilisation of dry ash (from the plant or ground) may 
cause the fruit to become contaminated.  
 
As mentioned earlier, bees are an essential part of the kiwifruit pollination process. Ash 
particles are particularly destructive to insects, mostly due to abrasion to the epicuticular wax 
layer, which caused rapid desiccation and death. The greatest damage to insects occurs to 
beneficial species such as honey and pollinator bees, and predatory and parasitic wasps 
(Cook et al., 1981).  These insects are highly mobile and many have a dense covering of 
body hairs that trap volcanic dust.  An ashfall may be devastating to pollinator insect 
populations causing significant disruption in pollination.  Artificial pollination may need to be 
used, at greatly increased costs (~$1000/ha) and subject to the risk that widespread impacts 
from ashfall may create large demand for this service that outstrips supply. 
 
The export market for kiwifruit is extremely sensitive to damaged or marked fruit, so it is 
unlikely that fruit damaged by the ash would be acceptable for export.  Ash on the plant can 
be incorporated into the fruit as the skin grows (as observed occurring to citrus fruit during 
the 2006 Merapi eruption; Wilson et al., 2007), This may make it uneconomic to pick the fruit, 
even crops survive through to harvesting.   
 
4.8.4 Potential Mitigation of Volcanic Hazards 


The farmers are aware they are in a vulnerable part of the country.   They would look to the 
regional council and scientific community for advice.  They would want information quickly 
and rapidly, especially if there were significant warnings about a possible eruption. 
 
The farmers would think about insurance and what cover they had. They would disconnect 
the down pipe – they didn’t do this during the eruption in 95/96 as the ashfall was too light to 
worry about. 
 







 


 


GNS Science Report 2009/01 55 


 


4.9 Summary of Study Farm Assessments 


Water is a critical element on New Zealand farms. The major uses are for stock drinking 
water, irrigation, cleaning (e.g. of dairy sheds, tanks used for winemaking), the homestead 
supply, and making up agricultural chemical preparations such as pesticides, fertilizers and 
dips.  
 
Where there is a significant ashfall, uncontaminated surface water would be in short supply.  
Ash would contaminate supplies by increasing the turbidity, pH and potentially leach toxic 
chemicals into the water resource (Wilson and Cole, 2007).   
 
It is difficult to assess how much ashfall will contaminate water supplies or render them 
useless.  Factors that affect this vulnerability include: 
• intended use of the water (some applications don’t require the same level of water quality 


as others) 
• ability of the water supply network to cope with increased levels of suspended sediment 


(includes water pump, any filters, pipes, etc) 
• capacity to filter or treat contaminated supplies 
• seasonal and climatic vulnerability. 
 
Recovery of water supplies will be dependent on: 
• volume of remobilized ash being added to the water body 
• ability of the water body to flush out contaminating ash 
• volume of the water body 
• chemistry of the water 
• buffering capacity of the water body (different reservoir/river beds have different buffering 


capacity) 
 
4.9.1 Reserve Water Supplies 


If water supplies become contaminated or disrupted by power failure, the ability of a farm to 
meet its water demands depends on stored water.  Ideally, stored water should be in 
enclosed tanks (as open reservoirs will be vulnerable to ashfall) and located on topographic 
high points so that water may be gravity fed into the farm system.   
 
Following electrical supply loss, pump damage or surface water contamination, gravity fed 
water from water tanks may become the only option for many farms.  
 
4.9.2 Contamination of Stock Drinking Water 


The amount of water consumed by a livestock herd is largely controlled by weather 
conditions. Dry and hot conditions will greatly increase water consumption (Table 3.5), whilst 
cold and wet conditions would mean a minimal amount of water is consumed as livestock 
derive hydration through pasture consumption (Wilson and Cole, 2007).  Whilst demand 
would be slightly lower in cooler temperatures, an ashfall will cover pastures causing stock to 
drink more from farm water troughs to make up their water demands.   
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Table 3.5 Water Use Estimates (from Piper, 2005) 


Water Use Water Use (m3/day) 
Household use (4 people) 0.74 
Dairy shed wash down 1 0.07 
Dairy 1 0.1 
Beef 1 0.0625 
Deer 1 0.0385 
Sheep 1 0.0055 


1 Water use per animal 
Water consumption is also related to the feed quality.  If livestock eat a lot of rough dry feed 
(such as hay, or pastures after a dry summer) then stock require a lot more water from the 
trough system.  It is likely that supplementary feed consumption will increase following a 
moderate ashfall (often rough, dry feed). 
 
General pastoral farm vulnerability is greatest however in early spring, as supplementary 
feed supplies are at their lowest and farmers are expecting vigorous spring pasture growth 
with the warmer weather.  Stock would also be under considerable stress following birthing 
and rearing/milking demands.  They would also be attempting to put on condition following 
the demands of winter, creating high feed demands on pastures. 
 
Ashfall would contaminate uncovered stock-water troughs in paddocks, causing problems as 
cows drink suspended ash and any aerosols dissolved within the trough water.  However, 
mixing 1 kg of ash from the 1995 Ruapehu eruption with a typical 1000 L water trough did not 
raise the fluorine levels of the water above health standards, although the water was acidic 
(pH 4.6) potentially putting stock off drinking (Neild et al., 1998). 
 
Potential mitigation of this would be to clean the tephra out of the trough and replace the 
water regularly (adjusting the buoy-cock so the troughs are refilled to a lower level would 
mean less water needs to be replaced, but may concentrate harmful aerosols if left too long).  
This would be time consuming, especially in remote paddocks and/or if there were many 
troughs (Wilson and Cole, 2007).  It would also increase the volume of water required.  A 
management option would be to cover and/or disconnect troughs from the farm water supply 
in paddocks not containing stock, although this would involve getting out to the paddocks 
somehow and then working with wet tephra (Wilson and Cole, 2007).  
 
Any large, nearby water bodies are a potential watering option for stock.  The volume of 
lakes may stay dilute enough to give a period of acceptable stock drinking water supply, 
perhaps at least until another more permanent source is developed.  Over time during a 
large ashfall event, or with remobilisation of ash being transported into such water bodies, 
this may not be for very long.  
 
4.9.3 Cleaning 


4.9.3.1 Milking Sheds 


The lack of water for washing down the milking shed would be a serious issue for successful 
operation, potentially degrading milk quality to a point it cannot be sold (Wilson and Cole, 
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2007).  Milking sheds are generally open, allowing ash to easily enter the building.  This 
would cause problems for humans, cows and equipment, if it was decided to continue milking 
during an ashfall.  It would (Wilson and Cole, 2007):  
• decrease the quality of the working environment causing health hazards to humans (as it 


would get into the eyes and throats), and animals alike 
• dirty the cups between milkings, as well as get onto the teats of the cows during milking 


(potentially causing discomfort and health implications for the cow, such as the onset of 
mastitis; M. Pacey pers comm., 2004).  This may allow ash to enter the pump and milk 
storage equipment of the milking shed, potentially causing damaging or contaminating 
the milk. 


4.9.3.2 Vineyards 


During the vintage significant water use is required for cleaning tanks used in the production 
of wine.  Lack of water would also be a serious issue for the successful production of wine, 
potentially degrading quality or indeed halting production. 
 
4.9.4 Irrigation 


Irrigation is essential for many farms to achieve a higher level of production than possible on 
normal rainfall alone.  Irrigation is a major water use and is likely to be compromised during 
an ashfall event.  Even if additional groundwater can be sourced, the supply will be 
vulnerable to power failure or possibly required to assist in watering animals from nearby 
farms.  It raises the question whether farmers would stop irrigating to assist other farmers to 
save their animals from dehydration (likely to be related to the strength of social linkages and 
sense of community). 
 
4.9.5 Ponds/Reservoirs 


Volcanic ashfall on the surface of ponds (irrigation, stock water or effluent sumps) would 
increase the concentration of suspended volcanic ash, increasing the possibility of blocking 
the outlet of the sump or damaging the effluent pump.  Volcanic ash entering the sump is 
likely to increase the acidity and turbidity of the water, but would probably not restrict the 
usual practice of spraying the water on to paddocks, assuming there were no blockages in 
the pipes and the pump was still operational.,  This would be similar to problems that waste 
water systems and sewage treatment plants face during volcanic ashfalls, but on a smaller 
scale. 
 
4.9.6 Drains 


To avoid blockages the best practice would be to remove as much of the suspended volcanic 
ash and effluent sludge before being washed into the sump, with a tractor’s frontal 
attachments (bucket or blade) and/or hand shovels.  Remaining deposits will hopefully be 
small enough in size and volume not to cause blockages.  
 
4.9.7 Vulnerability of Individual versus District Water Supply Schemes 


It is difficult to judge whether a district water supply scheme is more vulnerable than 
individual water supplies on farms (such as a bore hole or reservoir).  A significant point is 
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that if the district scheme fails there is potentially no water supplies anywhere else in the 
district, whereas if each farm had a water supply a certain degree of resiliency for the district 
can be created by sharing that resource.  Alternatively if power supplies fail then the district 
may indeed be shut down anyway. 
 
An advantage of district supply schemes is that most of the distribution network is usually 
underground and there would only be one site to repair if damaged.  For areas that are not 
serviced by a reticulated supply, there could potentially be hundreds of individual farm 
schemes requiring repair following a widespread eruption fail during a eruption.  
 
4.9.8 Water for general farm operations 


Many non-critical functions, such as drenching, require some water usage.  It is possible 
such functions would be halted during a water supply crisis (either through lack of water or 
lack of farmer time) reducing the quality of farm practices. 
 
The key vulnerability of many farm water systems is the reliance on electrical power.  
Electrically powered pumps are used to pump water around the farm (to stock water troughs, 
irrigation networks, etc.).  If power is lost, water supplies are also lost, unless pumps can be 
driven by another power source, such as a fuel generator or power-take-off (PTO) from a 
tractor.   
 
4.10 Information Availability 


Volcanic hazards in the central North Island of New Zealand can generally be defined as 
high impact, low probability events.  Because events are so few and far between, 
communities quickly forget the disruption and impacts.  Predicting where the ash will go is 
extremely difficult due to variable climatic conditions (wind directions and strengths), even 
when an eruption is imminent or occurring.  Therefore reduction and readiness is rarely 
carried out specifically for volcanic hazards by farmers, but it can be part of on-going hazard 
mitigation strategies that will benefit the business during any adverse events. 
 
The distribution of information before, during and after a volcanic crisis will be essential.,  As 
volcanic eruptions are infrequent events with which few farmers have had experience.  
Memories tend to be very short when it comes to remembering the consequences and 
effects of natural disasters.  The average time Hawke’s Bay farmers are on their land is 8.5 
years for example, so many farmers will have forgotten or never experienced the eruptions 
over 10 years ago (Garth Eyles, pers comm., 2007).  Information therefore needs to be 
readily available to quickly distribute to people when required.  During the 1995/96 Ruapehu 
eruption there was a significant gap of information being supplied, especially for the rural 
sector.  The Ministry of Agriculture didn’t have the information required and the few advisors 
they had available were too busy to put any time into researching likely impacts. 
 
Farmers interviewed during this project identified five specific pieces of information they 
would like to receive at the onset of a volcanic eruption: 
• how long the eruption will go on for; 
• how much ash is likely to fall; 
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• what would the likely impacts to animal health be and how best would you to mitigate 
such impacts; 


• pasture rehabilitation and how best to mitigate such impacts; 
• protection of the water supply and how best to mitigate such impacts. 
 
One way to reduce lack of preparedness during an extreme geophysical event is to rapidly 
distribute hazard mitigation information out via mass media.  Clear, intensive ‘last minute’ 
hazard education and post-event recommendations can be distributed if a volcanic eruption 
is imminent, or has occurred with little warning.  The media must be included as a legitimate 
partner in any hazard education program, with many farmers placing a high reliance on this 
source for information.  It will also be important that information is conveyed in a consistent 
manner by all agencies during a crisis.   


5.0 OVERALL VULNERABILITY INDEX AND INTEGRATION INTO RISK 
ESTIMATION 


5.1 Factors influencing vulnerability of farm water supplies to volcanic 
hazards 


On the basis of the detailed characterisations of farm water use regimes and identification of 
points of vulnerability within water supply systems described in the previous chapter, six 
factors that influence vulnerability of water supplies to volcanic hazards were identified. 
These are as follows:  
 
5.1.1 Type of supply 


• Groundwater 
• Surface water 
 
The type of water supply is the key determinant of vulnerability to volcanic ashfall, with 
groundwater-fed supplies considerably less vulnerable. However, the above-ground 
components of groundwater-fed systems are still vulnerable to ashfall, as was reported in the 
literature review (Sections 2.3.1 and 2.3.2). In one case, airborne ash penetrated the 
bearings of a windmill used to extract groundwater in coastal Santa Cruz; this area is totally 
dependent on groundwater thus were severely disabled. Another common cause of failure is 
airborne ash penetrating switchboards and causing short-circuiting.  
 
5.1.2 Pumping capability 


• Total reliance on pumped water – no backup power  
• Total reliance on pumped water – backup power  
• Some reliance on pumped water – no backup power  
• Some reliance on pumped water – backup power  
• No reliance on pumped water 
 
The ability to pump water is critical to water distribution on most farms. This is usually 
powered by electricity, the distribution networks of which are vulnerable to failure during a 
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volcanic eruption. Groundwater supplies usually require pumping facilities, unless there is a 
significant head of water. Surface water supplies may be less vulnerable to loss of pumping 
facilities as normal flow may be able to continue. 
 
5.1.3 Independence of supply 


• Individual access to supply 
• Share with several users 
• District scheme 
 
This vulnerability indicator is designed to capture the resilience of an area. In general, farms 
with their own water supplies tend to have a higher degree of resilience because farmers in 
these situations are used to being self-reliant. Also, if an individual water supply fails, backup 
from neighbouring farms may be possible. This will not be the case with large-scale schemes 
(see Section 3.8.2.1): all farms served by the scheme will be affected in the event of supply 
disruption.  
 
5.1.4 Water usage 


• Small water user 
• Large water user at specific times of the year 
• Large water user for most of the year 
 
Small water users are less vulnerable than larger users. If the supply fails, it will generally be 
less difficult to find an alternative supply, and stored supplies will last longer.  
 
5.1.5 Level of stress on water supply 


• Constant stress on farm water supply  
• Seasonal stress on farm water supply 
• Occasional stress on farm water supply 
• Unstressed water supply 
 
An eruption will intensify existing stresses on a water supply.  
 
5.1.6 Storage capacity 


• No storage capacity 
• Storage capacity to operate for 1-3 days (in high demand periods) 
• Storage capacity to operate for 5+ days (in high demand periods) 
 
Storage capacity will allow a farm to continue to function following failure or disruption of the 
water supply, and will provide a buffer period to repair the distribution system or obtain 
alternative supplies. Conversely, a farm with no storage capacity will be immediately in crisis 
following disruption of supply.   
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5.2 Overall farm vulnerability index 


A scheme for assessing the overall vulnerability of a farm to volcanic ash impacts on water 
supplies was drawn up (Table 4.1) by considering the findings both of our literature review 
(Chapter 2) and our case studies of individual farms (Chapter 3). Detailed assessments for 
each farm are provided in Appendix 5. A scheme for assigning relative vulnerabilities was 
also drawn up (Table 4.2).  
 
Summary results for individual farms are shown in Table 4.3.  
 
Table 4.1 Scheme for deriving an overall farm vulnerability index1 


CONTRIBUTING 
FACTOR 


 SCORE TOTAL


Groundwater 10 Type of supply 
Surface water 30 


30


No reliance on pumped water  0 
Some reliance on pumped water – backup 
power option for pump  


5 


Some reliance on pumped water – no 
backup power option for pump 


10 


Total reliance on pumped water – backup 
power option for pump 


15 


Pumping 
capability  
 


Total reliance on pumped water – no backup 
power option for pump 


20 


20


Storage capacity to operate for 5+ days (in 
high demand periods) 


5 


Storage capacity to operate for 1-3 days (in 
high demand periods) 


10 


Storage capacity  


No storage capacity  20 


20


Individual access to supply 0 


Share with several users 2 


Independence of 
supply 


District scheme 5 


5


Small water user 5 
Large water user at specific times of the 
year 


10 
Water usage 


Large water user for large periods of the 
year 


15 


15


Constant supply of water to farm 0 
Occasional pressure on farm water supply  3 


Seasonal pressure on farm water supply 7 


Level of stress on 
supply 


Constant pressure on farm water supply  10 


10


OVERALL VULNERABILITY INDEX RATING OUT OF 100


 


1 For a farm water supply to volcanic hazards 
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Table 4.2 Relative vulnerability classification scheme 


Overall vulnerability index Relative vulnerability classification 


10-40 Low 


41-60 Moderate 


61-80 High 
81-100 Extreme 


 


 


Table 4.3 Overall vulnerability indices for each study farm 


Study 
farm 


Farm type Location Water supply Vulnerability 
index 


Relative 
vulnerability 
classification 


1 Sheep and Beef Tikokino, Hawke’s 
Bay 


Groundwater  42 Moderate 


2 Sheep and Beef Bridge Pa, Hawke’s 
Bay 


Surface water (& 
groundwater) 


58 Moderate 


3 Sheep and Beef Western Taupo, 
Waikato 


Surface water 67 High 


4 Dairy Rerewhakaaitu, 
Bay of Plenty 


Groundwater 45 Moderate 


5 Dairy Reporoa, Bay of 
Plenty 


District scheme 
(groundwater) 


65 High 


6 Dairy Eltham, Taranaki District scheme 
(surface water) 


87 Extreme 


7 Horticulture: 
vineyard 


Hastings, Hawke’s 
Bay 


Groundwater 60 Moderate 


8 Horticulture: 
kiwifruit 


Cambridge, 
Waikato 


Groundwater 50 Moderate 


 
 
 


5.3 Assessing volcanic risk to study farms 


Volcanic risk encompasses the likelihood and magnitude of a volcanic hazard event 
impacting a particular location. Integrating this information with the inherent vulnerability of a 
particular farm gives an overall estimation of risk.  
 
Volcanic risk depends on the proximity to active volcanic centres. Depth of ashfall normally 
declines with distance away from the vent. The size distribution of ashfall also changes as 
the plume travels away from the vent, with coarser particles falling closer to the vent and 
finer particles transported furthest (Figure 4.1). However, at any particular location the 
characteristics of the ashfall deposited can vary widely.  
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Figure 4.1 Changes in volcanic ash size distribution with distance from the vent 
 
 
 
The thickness of ashfall received at a particular site will depend on: 
• The magnitude (size) of the eruption: the larger the eruption the greater the volume of 


material erupted. 
• Distance from the volcano: areas close to the volcano will receive the thickest ash falls. 
• Wind and climatic conditions: these control the dispersal of the ash plume.   
 
A probabilistic ashfall map (Hurst and Smith, 2004) has been used here to define volcanic 
risk for each study farm (Figure 4.2). This model is derived from a method for quantifying the 
probability of a particular thickness of volcanic ash at any particular site using Monte Carlo 
methods and an ash dispersal model (“ASHFALL”).  Hurst and Smith’s model uses a large 
number of eruption iterations and considers the mean accumulated ash thicknesses from 
multiple volcanic centres (including the Tongariro, Taupo and Okataina volcanic centres, 
White Island and Taranaki volcano; see Figure 1.1). Predicted accumulations of ashfall over 
a 10,000 year period are shown in Figure 4.2.  Data for each study farm are shown in Table 
4.4.  
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Figure 4.2 Mean 10,000 year return period ashfall thicknesses (Hurst and Smith, 2004)  
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Table 4.4 Mean ashfall depths over 10,000 years 


 
Study 
farm 


Farm type Location Water supply Mean ashfall depth 
over 10,000 years 


1 Sheep and beef Tikokino, Hawke’s 
Bay 


Groundwater  30 mm 


2 Sheep and beef Bridge Pa, Hawke’s 
Bay 


Surface water (and  
groundwater) 


25 mm 


3 Sheep and beef Western Taupo, 
Waikato 


Surface water 50 mm 


4 Dairy Rerewhakaaitu, Bay 
of Plenty 


Groundwater 180 mm  


5 Dairy Reporoa, Bay of 
Plenty 


District scheme 
(groundwater) 


40 mm 


6 Dairy Eltham, Taranaki District scheme 
(surface water) 


150 mm 


7 Horticulture: 
vineyard 


Hastings, Hawke’s 
Bay 


Groundwater 20 mm 


8 Horticulture: 
kiwifruit 


Cambridge, Waikato Groundwater 18 mm 


 
However, it should be noted that this model does not include proximal hazards such as 
lahars or pyroclastic flows, which are also capable of causing major damage to rural water 
supplies.  
 
5.4 Overall risk of volcanic hazards to farm water supplies 


In this section, the vulnerabilities of individual farm water supplies has been combined with 
their predicted volcanic risk, to estimate the overall risk. This is presented in a summary 
diagram (Figure 4.4), in which the risk fields have been defined from the literature review of 
water supply sensitivity to volcanic hazards.  
 
Study farms 4 and 6 clearly have a relatively high overall risk of volcanic hazard impacts on 
their water supplies. Study Farm 6 has both a high level of innate vulnerability in its water 
supply, and also is considered relatively highly at risk from volcanic hazards. Study Farm 4 is 
less vulnerable but also is highly at risk from volcanic hazards.  
 
The other study farms plot more closely together, with Study Farm 8 probably the least at risk 
overall due to a lower risk from volcanic hazards, and only moderate vulnerability in its water 
supply.  
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Figure 4.3 Overall risk of study farms of volcanic ashfall impacts on their water supplies 
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6.0 REVIEW OF AGRICULTURAL WATER QUALITY GUIDELINES 


Both the quantity and quality of water resources are critically important issues for agriculture 
and aquaculture. As shown in the case studies (Chapter 3), volcanic ashfall can disrupt the 
water supply by blocking intakes and pipes, and also by interrupting the power supply, 
leading to pump failures. Volcanic ashfall also has impacts on water quality as fresh volcanic 
ash releases acidity and other soluble components such as fluoride, calcium and sulphate 
into surface waters. Chapters 5 and 6 address the likely impacts of volcanic ashfall on water 
quality in relation to agricultural uses, firstly by reviewing relevant water quality guidelines to 
identify the critical issues, and then by using available information to attempt to model 
impacts using the simple model of Stewart et al. (2006).  
 
Water quality guidelines for primary production were found by searching the internet and the 
relevant literature. Four sets of guidelines were readily found; we decided not to search 
further as this set contained sufficient information for comparison. In this chapter, these 
guidelines will be briefly described, then comparisons will be made between the contents of 
the guidelines under the headings of agricultural water quality for: irrigation, general use and 
livestock drinking water. Tables comparing numerical standards have been compiled where 
possible.  
 
6.1 Overview of agricultural water quality guidelines 


6.1.1 ANZECC guidelines 


The Australian and New Zealand Guidelines for Fresh and Marine Water Quality are 
produced jointly by two ministerial councils: the Agriculture and Resources Management 
Council of Australia and New Zealand (ARMCANZ), and the Australian and New Zealand 
Environment and Conservation Council (ANZECC). They were last updated in October 2000. 
These guidelines relate to the sustainable use of water resources in the two countries for 
various end uses, including primary production. It should be noted that the New Zealand 
Drinking Water Standards (2005) are separate, and are produced by the New Zealand 
Ministry of Health.  
 
The ANZECC guidelines (2000) have the following primary objective: 


 
“To provide an authoritative guide for setting water quality objectives required to 
sustain current, or likely future, environmental values [uses] for natural and semi-
natural water resources in Australia and New Zealand.” 
 


These guidelines are available online through multiple sources, such as the New Zealand 
Ministry for the Environment website www.mfe.govt.nz.  
 
The primary production guidelines have sections on water quality for irrigation and general 
water use, and livestock drinking water quality. An important point to note about these 
guidelines is that they are not intended to be used as mandatory standards. Rather, the 
guidelines are ‘trigger values’, whereby exceedences of these values trigger further 
investigations.  
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6.1.2 FAO guidelines 


The Food and Agriculture Organisation of the United Nations, based in Rome, has produced 
a set of guidelines entitled ‘Water Quality for Agriculture’ (Ayers and Westcot, 1985). These 
were updated in 1994, and are available online through the FAO’s corporate document 
repository at: http://www.fao.org/DOCREP/003/T0234E/T0234E00.HTM. 
 
This document was originally published as ‘Irrigation and Drainage Paper 29’, and was 
primarily derived from case studies and research findings from farming in arid and semi-arid 
climates (Ayers and Westcot, 1985). As a result, the guidelines have a very strong focus on 
water quality issues in irrigation-dependent farming systems and, in particular, salinity build-
up and control. However, the more recent version does contain a short section on water 
quality for livestock and poultry drinking water.  
 
The FAO guidelines are the nearest thing we found to international guidelines, and are based 
on case studies from many regions of the world, albeit with a focus on arid areas (Jensen et 
al., 2001).  
 
6.1.3 Canadian guidelines  


The Canadian Water Quality Guidelines (CWQG) for Agricultural Water Uses contain values 
for livestock watering and irrigation (CCME, 2005).  They are national values designed to 
protect the health of livestock and crops and are developed according to a national protocol 
under the auspices of the Canadian Council of Ministers of the Environment (CCME, 1993). 
In general, guideline values are based on animal (livestock watering) or plant (irrigation) 
toxicity studies. Some irrigation guidelines, however, are intended to protect human health. 
Where data are limited, interim livestock watering guidelines may be calculated from human 
health drinking water values.  
 
CWQGs are voluntary tools for the assessment and management of agricultural water uses. 
At levels below the guideline, adverse effects on livestock or crops are not expected. At 
levels above the guideline, there is an increased probability of observing adverse effects. 
Further investigation may be necessary. 
 
A branch of the Canadian government (Agriculture and Agri-Food Canada) has produced an 
excellent series of fact sheets about agricultural water quality. These are available on its 
website http://www.agr.gc.ca/pfra/water/quality_e.htm#protect.  
 
6.1.4 South African guidelines 


The South African Water Quality Guidelines are produced by the Department of Water Affairs 
and Forestry, the custodian of South Africa’s water resources. Part of its mission is to: 
 


“maintain the fitness for use of water on a sustained basis”. 
 
Agricultural use is one of the four categories of water use defined by the South African Water 
Act. The guidelines are organised along similar lines to the ANZECC guidelines, and have 
volumes on both irrigation and livestock watering for agricultural water use. They are 
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available online at: 
http://www.dwaf.gov.za/IWQS/wq_guide/irrigat.pdf 
http://www.dwaf.gov.za/IWQS/wq_guide/livestoc.pdf 
 
The guidelines described above are all broadly divided into coverage of water quality 
requirements for irrigation and livestock drinking water, so the following discussion will also 
use this structure. The ANZECC guidelines also contain coverage of water quality for 
‘general farm use’, which will also be covered here.  
 
6.2 Livestock drinking water quality 


Good water quality is essential for successful livestock production. Poor quality water may 
reduce animal productivity, growth and fertility, and in extreme cases animals may die. 
Contaminants in drinking water can also produce residues in animal products such as meat, 
milk and eggs.  
 
Daily water intake varies widely among different types of livestock, and is also influenced by 
factors such as the climate, diet and the physiological state of the livestock. Daily intake rates 
can be as high as 85 litres/cow/day for dairy cows in milk.  
 
6.2.1 Toxic effects 


Many elements are essential nutrients for animal health, but may cause toxic effects at high 
concentrations. The ANZECC guidelines have set the following trigger values for toxicity 
effects of major and trace elements in livestock drinking water (Table 5.1). Where available, 
levels set by other guidelines are included for comparison. 
 
Table 5.1 A comparison of guideline values for trace elements in livestock drinking water 


Parameter ANZECC FAO Canadian South 
African 


Comments 


 mg/L  
Aluminium 5 5 5 5 Relatively non-toxic, but may have neurotoxic effects at 


high levels 
Arsenic 0.5 0.2 0.25 1 Pigs and poultry are most sensitive and may suffer 


dehydration and haemorrhagic diarrhea although short 
term doses are usually tolerated  


Beryllium - 0.1 0.1 - Little information available 
Boron 5 5 5 5 Short term exposures are little problem, but long term 


exposures may cause weight loss and decrease in feed 
intake 


Cadmium 0.01 0.05 0.08 0.01 Cd is of concern because it bioaccumulates; high Cd 
levels may cause teratogenic, mutagenic and 
carcinogenic effects 


Calcium 1000 - 1000 1000 Essential element for bones and teeth; excess Ca can 
reduce absorption of other nutrients. 


Chromium 1 1 0.05 1 The South African guidelines specify that this limit is for 
chromium (VI), the hexavalent form 


Cobalt 1 1 1 1 Co is an essential micronutrient (component of vitamin 
B12) but toxic at higher concentrations 


Copper 0.4 to 2 0.5 0.5 to 5 0.5 There is quite a narrow window between essential and 
toxic levels of Cu. This varies with the type of livestock, 
hence the ranges of GVs, and also depends on 
molybdenum and sulphate levels 
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Table 5.1 continued 
Parameter ANZECC FAO Canadian South 


African 
Comments 


 mg/L  
      
Fluoride 2 2 1 to 2 2 Excessive F causes dental and skeletal fluorosis. Intake 


from feed is also important; the Canadian guidelines 
recommend using the lower GV if feed is high in fluoride 


Iron - - - 10 Some discoloration of meat at 0.1 mg/Lin veal calves; 
also can taint milk at low levels; however GVs generally 
not set as iron not considered a health hazard 


Lead 0.1 0.1 0.1 0.1 Acute lead poisoning is more common (eg via 
contaminated feed) and affects the nervous system; 
chronic effects include anorexia and emaciation 


Magnesium 2000 250-
5001 


- 500 Mg is essential but high doses cause scouring and 
diarrhea. 


Manganese  - 0.05 - 10 Deficiency problems are of much more concern than 
toxicity problems; FAO level is based on human drinking 
water guideline which is not based on health hazards   


Mercury 0.002 0.01 0.003 0.001 Hg is of concern as it bioaccumulates and causes 
severe neurotoxic effects 


Molybdenum 0.15 - 0.5 0.01 An essential micronutrient toxic at high concentrations; 
causes diarrhea and loss of appetite 


Nickel 1 - 1 1 Interacts metabolically with iron 
Nitrate 400 100 100 100 
Nitrite 30 10 10 - 


Nitrate is readily converted to nitrite, which is much more 
toxic to animals. Nitrite oxidizes haemoglobin to 
methaemoglobin which cannot transport oxygen. 
Symptoms include vomiting, convulsions, cyanosis and 
death.   


Selenium 0.02 0.05 0.05 0.05 Component of enzyme glutathione peroxidase; 
deficiencies more common than toxicity and feed 
supplementation is common 


Sodium - - - 2000 Decreased palatability tends to occur prior to any toxic 
effects 


Sulphate 1000 - 1000 1000 Sulphur is essential for animal nutrition but high levels 
cause diarrhea and are unpalatable.  


TDS2 2000 to 
4000 


1000 3000 1000 High levels primarily affect the palatability of the water 
which in turn causes indirect health effects3 


Uranium 0.2 - 0.2 1 Little information available 
Vanadium - 0.1 0.1 1 Possibly an essential element; interacts metabolically 


with Cr and Fe; high levels lead to reduced growth 
Zinc 20 24 50 20 Essential micronutrient; many enzymes contain Zn; 


tolerance generally high 
1These suggested limits range from 250 mg/L for poultry and swine to 500 mg/L for sheep 
2Total dissolved solids (salinity) 
3See discussion on palatability effects below 
 
As with the irrigation guidelines, these values are generally intended to be used as ‘triggers’. 
Livestock drinking water concentrations less than these values are considered unlikely to 
cause any adverse effects, while exceedences are intended to trigger, or indicate the need 
for, further investigations. Toxicological effects are complex and depend on many factors 
such as the dietary intake of trace elements and metabolic interactions between elements 
(for instance, an adequate level of dietary calcium tends to suppress the uptake of lead, and 
zinc-deficient diets aggravate mercury toxicity).  
 
6.2.2 Palatability effects 


Palatability is an important issue for livestock drinking water. Direct effects of an unpalatable 
water supply are a refusal to consume water, consumption of water at levels inadequate for 
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physiological requirements, or a refusal to consume water followed by a period of excessive 
consumption if no alternative supply is provided and animals are driven to do so by thirst 
signals. Indirect health effects can arise because there is a direct relationship between water 
intake and feed intake, and if water intake is inadequate, animal condition will decline along 
with production parameters such as milk production, average daily gain and feed conversion 
ratio. This is known as dehydration-induced hypophagia.  
 
The scenario in which animals refuse to drink, but then consume excessive quantities, can 
lead to acute toxicity effects. For instance, high levels of sodium in the water can cause 
osmotic stresses and hypertension.  
 
Livestock generally find highly saline water unpalatable; also, the types of salt present are 
important in addition to the total dissolved solid content. Magnesium sulphate (Epsom salts) 
is more harmful than sodium chloride or sulphate. The main water constituents implicated in 
palatability effects are chloride, sulphate, magnesium, bicarbonate and calcium. Other 
factors, such as dust, temperature, levels of hydrogen sulphide, ammonia, organic 
compounds such as toluene and xylene, and the presence of algae, can also contribute to 
the palatability of water to livestock.  
 
The ANZECC guidelines set the following ranges for tolerances of livestock to salinity in 
drinking water (Table 5.2). It is important to note that livestock may be able to adapt 
physiologically to intermediate levels of salinity if they are exposed gradually over several 
weeks. These guideline values are generally less conservative than the South African and 
FAO guidelines, which set their lower threshold (below which no adverse effects are 
expected) at 1000 mg/L. 
 
Table 5.2 Tolerances of livestock to salinity in drinking water 


Livestock TDS (mg/L) 
 No adverse effects 


expected 
Animals may have initial 
avoidance but should adapt 


Loss of production, decline 
in condition and health 


Beef cattle <4000 4000-5000 >5000 
Dairy cattle <2400 2400-4000 >4000 
Sheep <4000 4000-10000 >10000 
Horses <4000 4000-6000 >6000 
Pigs <4000 4000-5000 >6000 
Poultry <2000 2000-3000 >3000 


 
A further issue not addressed by any of the agricultural guidelines reviewed, but arising from 
a review of the human drinking water standards (Stewart et al., 2006), is the presence of 
metallic elements such as iron, zinc, copper and manganese, which can impart dark staining 
and a ‘bitter, metallic taste’ to drinking water.  This adversely affects its palatability to human 
consumers, particularly at low pH values. There is little information about the levels of these 
contaminants that will cause avoidance responses in animals, and we can therefore identify 
this issue as an information gap. As a preliminary approach to this issue, we propose using 
the aesthetic guideline values from the Drinking Water Standards for New Zealand (2005) as 
indicative of potential problems in livestock.  
 
The Canadian fact sheet Water Quality and Cattle discusses taste and odour issues for 
cattle, and lists several constituents that are thought to affect beef cattle performance (Table 
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5.3). The fact sheet also notes that the presence of iron and manganese may cause cattle to 
show a preference for one water source over another, but that the levels causing this 
response are unknown at this stage.  
 
6.3 Water quality for irrigation 


Approximately 80% of allocated water in New Zealand is used for irrigation. The net 
contribution of irrigation to GDP at the farmgate was estimated to be approximately $920 
million in 2002/03 (MAF Technical Paper 04/01). The area of irrigated land is doubling 
approximately every decade (ANZECC, 2000).  
 
Table 5.3 Water quality constituents affecting beef cattle performance due to taste and odour1 


Constituent Reduced performance Unsuitable for beef cattle 
Nitrate (mg/L) 450-1300 >1300 
Salinity (mg/L) 3000-7000 >7000 
Sulphate (mg/L) 500-3300 >3300 
Fecal coliforms (no./100 ml) 1000-2500 >5000 
pH >8.5 >10 


 
1Source: http://www.agr.gc.ca/pfra/water/wqcattle_e.htm  


 
The region of New Zealand (shown in Figure 1.1) considered to be most at risk from volcanic 
activity has a relatively high rainfall (Figure 3.1). Agriculture is therefore, in general, less 
reliant on irrigation in these regions. An important exception is Hawke’s Bay, which has 
18,100 ha of irrigated land, and has experienced many ashfalls due to its location east of the 
Tongariro volcanoes.  
 
Poor quality water may cause the following problems in irrigation systems: 
• Reduced crop yield and/or quality as the result of the buildup of salinity or toxic 


constituents; 
• Impairment of soil quality (e.g. buildup of contaminants or adverse effects of sodicity on 


soil structure);  
• Damage to irrigation equipment such as corrosion or blockages.  
 
6.3.1 Salinity problems  


Salinity is the presence of soluble salts in soils or waters. Salts originating from the 
dissolution or weathering of rocks and minerals are present in irrigation waters, and remain 
behind in the soil as the water evaporates or is taken up by crops. This can lead to a buildup 
in salts in the soil over time. A salinity problem exists if salt accumulates in the crop root zone 
to a concentration that reduces water availability to plants, which in turn impairs plant growth. 
Salinisation is an issue of concern on a large scale in Australia, but is currently considered to 
be only of minor importance in New Zealand (ANZECC, 2000).  
 
Salinity is a complex issue because it is influenced not only by the properties of irrigation 
water but also by soil characteristics, climate and rainfall, soil management practices and the 
type of crop being cultivated and its salt tolerance. As a result, generally-applicable water 
quality trigger values are not set by the ANZECC (2000) guidelines; instead a flowchart 
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procedure is given whereby salinity impacts of irrigation water can be evaluated by 
considering the above factors.  
 
A simple, field-based preliminary assessment of the likely salinity hazard of irrigation waters 
can be made using the following formula: 
 


ECrzs = ECi/(2.2xLF) (1) 
 
where ECrzs is the electrical conductivity (this is a measure of the dissolved salt content) in 
the root zone, ECi is the conductivity of the irrigation water, and LF is the average leaching 
fraction. The units of electrical conductivity are dS/m (where 1 dS/m = 1000 μS/cm). 
Leaching fractions vary between 0.6 for sandy soils to 0.2 for heavy clay soils. The resulting 
root zone salinity (ECrzs) can then be compared to tables of values for crops of different 
sensitivities to assess the salinity hazard.  
 
Similar approaches are used in the other guidelines reviewed here. The Canadian water 
quality guidelines recommend that total dissolved solids (TDS) concentrations in irrigation 
waters should not exceed 500 mg/L for sensitive crops such as carrots, beans, strawberries 
and raspberries, or 3500 mg/L (for tolerant crops such as barley, wheat and oats). The FAO 
guidelines state that TDS levels of <450 mg/L should not impose any restrictions on the use 
of water for irrigation, levels of 450-2000 mg/L may impose slight to moderate restrictions on 
use, and levels exceeding 2000 mg/L are likely to impose severe restrictions. The South 
African guidelines are generally similar to the Canadian approach. Irrigation water TDS levels 
of <260 mg/L are not expected to impair crop yield, even for sensitive crops. There is a range 
of intermediate categories, and at the other end of the scale, TDS levels >3510 mg/L are 
expected to pose severe challenges for sustainable irrigation, even for tolerant crops.  
 
6.3.2 Sodicity problems 


As well as the total salt content of irrigation waters, the relative ion composition is important. 
In particular, high-sodium waters can cause problems for the structural stability of soils, as 
sodium ions can break up clay aggregates into smaller particles which can then clog pores 
and reduce the permeability of the soil, which in turn reduces water infiltration. This property 
is known as ‘sodicity’. Water infiltration is also influenced by total salinity (TDS), with higher 
levels of salinity increasing infiltration. Thus, these two factors (sodicity and TDS) must both 
be taken into account when assessing likely effects of irrigation waters on water infiltration. 
The ANZECC guidelines contain a method for determining the risk of soil structure 
degradation caused by irrigation water quality. This method involves calculating a ‘sodium 
adsorption ratio’ (SAR) from the concentrations of sodium, calcium and magnesium in the 
irrigation water, and considering this together with the electrical conductivity (EC) of the 
irrigation water to produce an overall assessment of risk (ANZECC, 2000).  
 
The other guidelines reviewed here take a related but slightly different approach by setting 
threshold values for both the SAR and the EC to evaluate risk. The FAO guidelines are 
shown in Table 5.4 to illustrate the use of these thresholds, together with the salinity 
guidelines described in Section 5.2.1. This table shows that water infiltration problems 
increase with increasing sodicity (SAR), and with decreasing salinity.  
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Table 5.4 FAO guidelines on interpretation of water quality parameters for irrigation (from Ayers and 
Westcot, 1985) 


Problem in irrigation water  Degree of restriction on use 
  Units None Slight to moderate Severe 


Salinity      
TDS  mg/L <450 450-2000 >2000 
EC1  dS/m <0.7 0.7-3.0 >3.0 
Water infiltration (evaluated using EC and SAR together) 
SAR <3 and EC = >0.7 0.7-0.2 <0.2 
SAR = 3-6 and EC = >1.2 1.2-0.3 <0.3 
SAR = 6-12 and EC = >1.9 1.9-0.5 <0.5 
SAR = 12-20 and EC = >2.9 2.9-1.3 <1.3 
SAR >20 and EC = >5.0 5.0-2.9 <2.9 
 
1EC (electrical conductivity) is also a measure of water salinity; the TDS and EC measures are equivalent. 
 


 


6.3.3 Specific ion toxicity problems  


Toxicity problems can occur if certain ions in the soil-water system are accumulated by 
crops; the degree of damage depends on the concentration accumulated and the crop 
sensitivity. The major ions of primary concern are chloride and sodium. 
 
There are two main problems related to the presence of chloride: foliar injury, and that high 
levels of chloride can increase the uptake of cadmium (which is toxic) by crops. Tobacco 
leaves are particularly sensitive to chloride, and concentrations of >40 mg/L are considered 
unsuitable for irrigation of tobacco. Trigger values set by the ANZECC guidelines for chloride 
in relation to both these issues are shown in Table 5.5. Also shown in the same table are the 
trigger values for prevention of foliar injury due to sodium in irrigation waters.  
 
Chloride can accumulate in foliage as it is highly soluble and readily taken up with soil water, 
moves in the transpiration stream and hence accumulates in leaves. It can also be absorbed 
directly through leaves. Plants vary in their sensitivity to chloride, but plant injury will occur 
when accumulation in leaves exceeds the tolerance of the crop. Typical signs of damage are 
leaf burn and drying of leaf tissue. Plant injury occurs first at leaf tips and progresses back 
along the edges as severity increases. Necrosis is often accompanied by early leaf drop. 
 
Table 5.5 Trigger values for preventing toxic effects of chloride and sodium in irrigation water (from 
ANZECC guidelines) 


Toxicity problem  Chloride 
concentration 


Sodium 
concentration 


  mg/L mg/L 
Foliar injury1 Sensitivity of crops   
 Sensitive <175 <115 
 Moderately sensitive 175-350 115-230 
 Moderately tolerant 350-700 230-460 
 Tolerant >700 >460 
Risk of increasing cadmium uptake 
 Low risk <350 - 
 Medium risk 350-750 - 
 High risk >750 - 
 
1These values are for chloride concentrations in water applied to foliage (i.e. sprinkler irrigation) 
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Similar approaches are used in the other guidelines. The Canadian guidelines recommend 
that concentrations of chloride in irrigation water should not exceed 100 mg/L for sensitive 
crops and 700 mg/L for tolerant crops. The South African guidelines state that levels of <100 
mg/L should protect all but the most sensitive plants from foliar damage, but that levels >700 
mg/L will lead to increasing problems with chloride accumulation.  
 
Guideline values are also set for trace metals and metalloids in irrigation water. The 
ANZECC guidelines set trigger values for both long-term use (LTVs, up to 100 years) and 
short-term use (STV, up to 20 years). The long-term and short-term values have been 
developed to address the problem of contaminant buildup in soils over time, and also to 
prevent direct toxicity of contaminants in irrigation to crops (Table 5.6). A marked disparity 
between an LTV and STV for a particular contaminant indicates that there is a risk of 
contaminant accumulation in soils. Conversely, if the STV and LTV are the same (e.g. for 
lithium), this indicates that direct toxicity is the main concern.  
 
The FAO guidelines are shown for comparison in the same table. They recommend a single 
value (a recommended maximum concentration) for each trace element. The Canadian 
guidelines are almost identical, so are not shown although points of difference are noted. The 
South African guidelines are more complex in that they generally recommend a range of 
acceptable values for each trace element, from a concentration that will be tolerated by even 
the most sensitive crops, through to a concentration that will be toxic to even the most 
tolerant crops. This information has been omitted from Table 5.6 for clarity.  
 
6.3.4 Scaling and corrosion problems 


Corrosion and scaling are opposite tendencies, and are primarily, but not only, affected by 
the levels of calcium carbonate in a water supply relative to its saturation potential., If water 
is supersaturated it will be scale-forming, whereas if it is undersaturated it will be non-scale 
forming or corrosive (aggressive).  
 
Scaling is a problem in irrigation systems as it can leave white deposits on fruit or leaves if a 
sprinkler system is used and can cause fine nozzles to block and reduce flow rates. It is also 
a problem for general water use as scale deposits can form in boilers and pipes. Corrosion 
can lead to the deterioration of groundwater well and pumping equipment, pipelines, 
sprinklers and storage tanks. It is primarily a problem for metal surfaces but plastic and 
concrete may also be affected by the presence of certain constituents.  
 
Various indices are used to quantify the tendency of a water supply to be either corrosive or 
scale forming. The Langelier index is the primary index used. This index is defined as 
follows: 
 


LI = pHa - pHc  (2) 
 
where pHa is the actual pH of the water, and pHc is the theoretical pH of the water if it was in 
equilibrium with solid calcium carbonate. The pHc value is derived from the alkalinity 
(concentrations of carbonate and bicarbonate ions) and the concentrations of calcium, 
magnesium and sodium ions in the water. The Langelier Index is temperature-sensitive, and 
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there is a greater tendency towards scale formation at higher temperatures. A simplified 
version of the ANZECC guidelines for assessing corrosiveness and scaling potential are 
shown in Tables 5.7 and 5.8.  
 
Table 5.6 Long-term and short-term trigger values for trace metals and metalloids in irrigation water 
(from ANZECC guidelines 2000) 


Element ANZECC 
guidelines 


FAO 
guidelines1


Comments 


 LTV2  STV3    
 mg/L mg/L mg/L  
Aluminium 5 20 5 Can cause non-productivity in acid soils (ph<5.5), but more 


alkaline soils will precipitate the ion and reduce toxicity 
Arsenic 0.1 2.0 0.1 Toxicity varies widely; toxic to rice at < 0.05 mg/L 
Beryllium 0.1 0.5 0.1 Toxicity to plants varies widely 
Boron 0.5 <0.5-64 0.75 Causes foliar damage in a similar manner to Na and Cl 
Cadmium 0.01 0.05 0.01 Toxic to plants at 0.1 mg/L; more conservative LTV reflects 


its tendency to accumulate in soils and plants 
Chromium 0.1 1 0.1 Conservative limits because of lack of knowledge of toxicity 


to plants 
Cobalt 0.05 0.1 0.05 Toxic to tomato plants at 0.1 mg/L 
Copper 0.2 5 0.2 Toxic to plants in range 0.1-1.0 mg/L 
Fluoride 1 2 1 Inactivated in neutral and alkaline soils; effects on humans 


and animals consuming plants that have accumulated F- 
Iron 0.2 10 5 Not toxic in aerated soils but can contribute to soil 


acidification; also iron oxide deposits can build up and clog 
equipment 


Lead 2 5 5 Lead is strongly retained by soils, and is not readily taken up 
or translocated by plants. However, some plants are known 
to accumulate lead.  


Lithium6 2.5 2.5 2.5 Tolerated up to 5 mg/L by most plants, though citrus crops 
very sensitive. Has effects on soil structure similar to 
sodium.  


Manganese 0.2 10 0.2 Toxic to some crops in acid soils 
Mercury 0.002 0.002 -  
Molybdenum 0.01 0.05 0.01 Not normally toxic to plants, but can be toxic to livestock if 


fed forage grown on high-Mo soils  
Nickel 0.2 2 0.2 Toxic to a number of crops at 0.5-1 mg/L 
Selenium 0.02 0.05 0.02 Toxic to some crops at 0.025 mg/L; also to livestock if 


forage is grown in soils with high levels of selenium 
Uranium 0.01 0.1 -  
Vanadium 0.1 0.5 0.1 Toxic to many crops at low levels 
Zinc 2 5 2 Toxicity to crops varies widely; more toxic in acid soils 
 
1 Recommended maximum concentrations 
2 Long-term trigger values, based on up to 100 years of use 
3 Short-term trigger values, based on up to 20 years of use 
4 The ANZECC guidelines recommend setting a range for the STV of boron depending on crop sensitivity; the 


same range is recommended by the Canadian guidelines 
5 From FAO guidelines, irrigation water containing 0.7 mg/L B should have no restrictions on use, 0.7-3 mg/L will 


have slight to moderate restrictions, and >3 mg/L will have severe restrictions on use.  
6 Lithium is very toxic to citrus, in which case a trigger of 0.075 mg/L is set 
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Table 5.7 Trigger values for assessing the corrosiveness of water 


Parameter Value  Comments 
pH <5 High corrosion potential 
 5-6 Likelihood of corrosion 
 >6 Limited corrosion potential 
Hardness <60 mg/L CaCO3 Increased corrosion potential 
Langelier index <-0.5 Increased corrosion potential 
 -0.5 to 0.5 Limited corrosional potential 
 
 
Table 5.8 Trigger values for assessing the scale-forming potential of water 


Parameter Value  Comments 
pH <7 Limited scaling potential 
 7 to 8.5 Moderate scaling potential 
 >8.5 Increased scaling potential 
Hardness >350 mg/L CaCO3 Increased scaling potential 
Langelier index >0.5 Increased scaling potential 
 -0.5 to 0.5 Limited scaling potential 


 


 


Concrete corrosion is a special case of the above; concrete is susceptible to corrosion by 
three mechanisms. These are leaching, ion exchange and expansion. Briefly, the water 
constituents leading to high aggressivity towards concrete are: pH<4.5, carbonic acid (CO2) 
>60 mg/L, ammonium (NH4


+) >60 mg/L, magnesium >1500 mg/L and sulphate >3000 mg/L. 
The reader is referred to the FAO guidelines for further discussion of this topic.  
 
6.3.5 Other causes of fouling  


Other properties of water can also lead to fouling or clogging of irrigation systems. For 
instance, high levels of suspended solids can clog intake structures, pipelines or fine 
nozzles. Neither the ANZECC nor the Canadian guidelines recommend any guideline values 
for suspended solids in relation to fouling potential, but the FAO and South African guidelines 
both state that levels of <50 mg/L suspended solids should cause no problems with clogging 
drip irrigation systems, levels of 50-100 mg/L can be expected to cause slight to moderate 
problems, and levels of >100 mg/L are expected to cause severe problems. The South 
African guidelines note that the abrasive action of particles can also lead to accelerated wear 
of sprinkler nozzles and other components in the distribution system. This is particularly 
relevant in relation to volcanic ash which is highly abrasive.  
 
Other chemical processes can also cause fouling, particularly the presence of high levels of 
dissolved iron and manganese. An additional problem with high levels of dissolved iron is 
that plant foliage can be damaged by iron deposits. For iron, the FAO guidelines recommend 
a value of 0.1 mg/L as being the threshold below which no significant fouling effects are 
expected. The South African guidelines are similar, and stipulate a value of 0.2 mg/L as 
being the level below which only minor fouling problems are expected. The ANZECC 
guidelines do not set a guideline for iron in relation to fouling effects, but set a trigger value of 
0.2 mg/L for the long-term (100 year) use of irrigation water, which will provide protection 
against fouling effects. Similar comments apply to manganese; thresholds below which 
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fouling effects are not expected are set at 0.1 mg/L by both the FAO and South African 
guidelines. The ANZECC trigger value for long-term use in irrigation water for manganese is 
0.2 mg/L.   
 
Biological processes can also cause fouling, if a biological slime layer forms. The main 
parameter affecting this process is the presence of dissolved organic matter.  
 
6.4 General water uses 


Other uses of water in agriculture are washing equipment, and the preparation of agricultural 
chemicals such as pesticides, dips and fertilizers. In general, deteriorating water quality is 
associated with a reduced effectiveness in pesticide preparations. While none of the 
guidelines reviewed set guideline values for water used to prepare agricultural chemicals, the 
Canadian fact sheets provide some useful examples of water quality impacts on the efficacy 
of pesticides. For example, the effectiveness of RoundUp herbicide is reduced by the 
presence of clay and organic particles, by high pH and by high levels of dissolved calcium, 
magnesium and iron.  
 
6.5 Comments on guidelines in relation to likely effects of volcanic 


ashfall 


It is important to bear in mind that guideline values for protection of agricultural water uses 
are primarily based on sustainable use of a water supply over a long period of time, whereas 
an ashfall is likely to be a short-term event. As guideline values are set on the basis of long-
term use, short-term incursions may not be a problem. However, palatability issues are an 
obvious exception to this observation. Also likely to be problematic are the clogging of 
equipment with suspended ash, abrasion of irrigation nozzles and distribution systems by 
ash, and possibly also corrosion effects due to high levels of acidity.  
 
Ashfall deposition on surfaces is likely to greatly outweigh the effects of contamination of the 
water supply by ash for crop foliage and on dietary intake if livestock feed is contaminated by 
ash. An obvious example is from the 1995/1996 eruptions of Ruapehu where many sheep 
died due to probable ingestion of fluoride via ash-contaminated grass (Cronin et al., 1998).  
 
Findings from Stewart et al. (2006) gives some indication of likely ‘problem areas’ for 
agricultural water uses. Ashfall-contaminated water is characterized by high levels of acidity, 
aluminium, calcium, iron, manganese, sulphate and fluoride. Thus, this water may have 
corrosive tendencies, although effects of low pH may be offset by the high calcium content, 
and may be unsuitable for mixing agricultural chemical preparations. The palatability of the 
water to livestock will be an important consideration; generally, for humans, the water is likely 
to become unpalatable before it presents a health hazard. However, if livestock continue to 
drink contaminated water, problems such as fluoride toxicity may become important. These 
issues will be investigated further in the next chapter. 
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7.0 MODELLING OF ASHFALL CONTAMINATION OF FARM WATER 
SUPPLIES 


Open water supplies are vulnerable to ashfall contamination. In farm areas, these include 
stock watering troughs, dams, roof-fed tanks and irrigation races. A simple model for 
predicting the effects of ashfall contamination on receiving waters is used here for a range of 
situations commonly encountered in farm water supplies, using examples derived from our 
field work. 
 
7.1 Model for predicting concentration increases in receiving waters 


from volcanic ashfall 


Freshly-fallen ash releases soluble components into receiving waters, with over 55 soluble 
components known to occur in volcanic ash leachates (Witham et al., 2005). The anions 
chloride (Cl-), sulphate (SO4


2-) and fluoride (F-) and the cations calcium (Ca2+), sodium (Na+) 
and magnesium (Mg2+) generally occur at the highest concentrations. Surface coatings on 
fresh ash are also highly acidic, due to the presence in the plume of aerosols composed of 
the strong mineral acids H2SO4, HCl and HF.  
 
The model developed by Stewart et al. (2006) for predicting the effects of volcanic ashfall on 
the chemical composition of receiving waters can be concisely expressed as follows: 
 


Cwater = CashTDA/V (1) 
 
where Cwater is the predicted concentration increase of a soluble contaminant in the receiving 
water body in mg/L, Cash is the concentration of the contaminant in the ash in mg/kg, T is the 
thickness of the ash in metres, D is the density of the ash in kg/L, A is the area of the 
receiving water body in square metres and V is the volume of the receiving water body in 
cubic metres. The quantity A/V is also known as the contamination potential of a water body 
in m-1.  
 
It should be noted that this model predicts concentration increases in receiving waters, rather 
than final concentrations. This is because the soluble components on volcanic ash are also 
present in natural waters.  
 
7.2 Stock watering troughs 


In general, livestock on New Zealand farms drink from concrete watering troughs. A range of 
troughs commonly used in New Zealand are shown in Figure 6.1. The water level is 
maintained with a float and cutoff valve several centimetres below the top to avoid overflow 
which can lead to boggy conditions around the trough.  
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Figure 6.1 Stock watering troughs used in New Zealand 
 
Dimensions and capacities of a range of troughs used in New Zealand are provided in 
Appendix 6. These values have been used to calculate contamination potentials, which 
range from approximately A/V = 2 to 5. Oblong troughs have higher values of A/V than round 
ones, and small troughs have higher values of A/V than large ones. To illustrate the use of 
the model we have used troughs illustrating either end of this range; the 60-gallon oblong 
trough shown in the upper right hand side of Figure 6.1 has an A/V of 4.9, and the 250-gallon 
round trough shown in the upper left hand side has an A/V of 2.7.  
 
Predicted concentration increases in these two troughs are shown in Tables 6.1 and 6.2. 
Ashfall composition data for the 1995/96 eruptions of Mt Ruapehu has been used in this 
model. This is derived primarily from a study by Cronin et al. (1998), and supplemented 
where necessary from other studies of volcanic ash leachate composition. The provenance 
of these data is described in Stewart et al. (2006) and is not repeated here. The predicted 
concentration increases have been compared with the ANZECC livestock drinking water 
guidelines, and exceedences have been highlighted in yellow.  
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Table 6.1 Predicted concentration increases (Cwater) in a 60-gallon oblong water trough (A/V=4.9) 
with different thicknesses of volcanic ashfall 


   Cwater (mg/L) for oblong 60-gallon (270-litre) trough 


  
Cash 
(mg/kg) 1 mm ash 5 mm ash 10 mm ash 50 mm ash 


    
Livestock drinking water parameters    
Acidity H+ 0.00041 0.000002009 0.000010045 0.00002009 0.0001005
 pH1  5.70 5.00 4.70 4.00
Aluminium Al 195 0.96 4.8 9.6 48
Arsenic As 0.032 0.00016 0.00078 0.0016 0.0078
Boron B 2.6 0.013 0.064 0.13 0.64
Cadmium Cd 0.0038 0.000019 0.000093 0.00019 0.00093
Calcium Ca 5392 26 132 264 1321
Chromium Cr 0.044 0.00022 0.0011 0.0022 0.011
Cobalt Co 0.132 0.00065 0.0032 0.0065 0.032
Copper Cu 4 0.020 0.098 0.20 0.98
Fluoride F 86 0.42 2.1 4.2 21.1
Iron Fe2 46 0.23 1.1 2.3 11.3
Lead Pb 0.0014 0.0000069 0.000034 0.000069 0.00034
Magnesium Mg 419 2.1 10.3 20.5 103
Manganese Mn2 14.3 0.07 0.35 0.70 3.5
Molybdenum Mo 0.001 0.0000049 0.000025 0.000049 0.00025
Mercury Hg 0.0087 0.0000426 0.00021 0.00043 0.0021
Nickel Ni 0.35 0.0017 0.0086 0.017 0.086
Nitrate NO3 25.6 0.13 0.63 1.25 6.3
Selenium Se 0.1 0.00049 0.0025 0.0049 0.025
Sodium Na 413 2.0 10.1 20.2 101
Sulphate SO4 5722 28 140 280 1402
Zinc Zn 5.6 0.027 0.14 0.27 1.4


 
1pH values of <5 are associated with an increased potential for corrosion (Table 5.7). 
2The aesthetic guideline values for Fe and Mn in the Drinking Water Standards of New Zealand (2005) are used 


here for comparison in an attempt to predict impacts on palatability of livestock drinking water. They are 0.2 m/L 
for Fe and 0.04 mg/L for Mn.  


 
For a 60-gallon trough, at 1 mm ashfall the only parameters that appear to exceed guideline 
values are iron and manganese. It is important to note that the guidelines for Fe and Mn are 
not based on health hazards, but are based on likely effects on the palatability of the water. 
The relevant guideline values are taken from the Drinking Water Standards of New Zealand 
(2005) and it is important to note that the applicability of these values to livestock is entirely 
speculative at this stage.  
 
With 5 mm ashfall, toxicity effects of fluoride contamination become apparent, as well as an 
increased likelihood of effects on palatability. While short-term ingestion of relatively low 
levels of fluoride (a predicted increase of 2.1 mg/L) may not be harmful as the guideline 
values refer to longer-term intake, the possibility that livestock may also be ingesting fluoride 
with their feed is a strong one. With 10 mm ashfall, problems due to aluminium toxicity also 
arise, along with increasing severity of palatability effects and fluoride toxicity. Water 
receiving 50 mm ashfall cannot be regarded as drinkable.  
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For a 250-gallon round trough (Table 6.2), it can immediately be seen that there are no 
predicted impacts on the quality of the water for livestock drinking with 1 mm ashfall. Even at 
5 mm ashfall, only the putative impacts on palatability arise. With increasing thicknesses of 
ashfall, the predicted effects increase in the same manner described for the 60-gallon trough.  
 
Increasing thicknesses of ashfall are also associated with increasing levels of acidity (pH) in 
receiving waters. Values of pH<5 have been highlighted in yellow, as possibly increasing the 
corrosiveness of the water towards metal fittings and pipes and towards the concrete 
(Section 5.3.4). However, it is important to note here that concrete tanks are thought to 
provide buffering capacity due to the dissolution of carbonate minerals from the hardened 
concrete (Cronin and Sharp, 2002). Concrete corrosion is a complex issue and it is beyond 
the scope of this study. For instance, high levels of sulphate may also contribute to concrete 
corrosion, as sulphate can combine with the calcium and aluminium compounds in the 
concrete causing them to swell and exert mechanical stresses.  
 
While these findings must be regarded as indicative, and are subject to the limitations and 
cautions described in Stewart et al. (2006), an obvious recommendation that arises is that 
using larger and deeper troughs reduces vulnerability to contamination of stock drinking 
water. A further comment is that palatability effects may become apparent at lower levels of 
ashfall in comparison to toxicity effects. However, as noted in Chapter 5, there are no 
relevant guidelines in relation to the presence of metallic contaminants such as iron and 
manganese; there is an information gap for this issue.  
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Table 6.2 Predicted concentration increases (Cwater) in a 250-gallon round water trough (A/V=2.7) 
with different thicknesses of volcanic ashfall 


   Cwater (mg/L) for round 250-gallon (1125-litre) trough 


  
Cash 
(mg/kg) 1 mm ash 5 mm ash 10 mm ash 50 mm ash 


    
Livestock drinking water parameters    
Acidity H+ 0.00041 0.0000011 0.0000055 0.000011 0.000055 
 pH1  6.0 5.3 5.0 4.3 
Aluminium Al 195 0.53 2.6 5.3 26 
Arsenic As 0.032 0.000086 0.00043 0.00086 0.0043 
Boron B 2.6 0.0070 0.035 0.070 0.35 
Cadmium Cd 0.0038 0.0000103 0.000051 0.00010 0.00051 
Calcium Ca 5392 15 73 146 728 
Chromium Cr 0.044 0.00012 0.00059 0.0012 0.0059 
Cobalt Co 0.132 0.00036 0.0018 0.0036 0.018 
Copper Cu 4 0.0108 0.054 0.108 0.54 
Fluoride F 86 0.23 1.2 2.3 12 
Iron Fe2 46 0.12 0.62 1.2 6.2 
Lead Pb 0.0014 0.0000038 0.000019 0.000038 0.00019 
Magnesium Mg 419 1.13 5.7 11.3 57 
Manganese Mn2 14.3 0.039 0.19 0.39 1.9 
Molybdenum Mo 0.001 0.0000027 0.0000135 0.000027 0.000135 
Mercury Hg 0.0087 0.000023 0.00012 0.00023 0.0012 
Nickel Ni 0.35 0.00095 0.0047 0.0095 0.047 
Nitrate NO3 25.6 0.069 0.35 0.69 3.5 
Selenium Se 0.1 0.00027 0.00135 0.0027 0.014 
Sodium Na 413 1.1 5.6 11 56 
Sulphate SO4 5722 15 77 154 772 
Zinc Zn 5.6 0.015 0.076 0.15 0.76 


 


1pH values of <5 are associated with an increased potential for corrosion (Table 5.7). 
2The aesthetic guideline values for Fe and Mn in the Drinking Water Standards of New Zealand (2005) are used 


here for comparison in an attempt to predict impacts on palatability of livestock drinking water. They are 0.2 m/L 
for Fe and 0.04 mg/L for Mn.  


 
 
7.3 Farm reservoir 


Ponds formed by damming streams are used as reservoirs for livestock watering and 
irrigation.  We have applied the model to the reservoir illustrated in Figure 6.2; results are 
shown in Table 6.3. 
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Figure 6.2 Study Farm 1 reservoir, Hawke’s Bay 
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Table 6.3 Predicted concentration increases (Cwater) in a farm reservoir with different thicknesses of 
volcanic ashfall 


   Cwater (mg/L) for farm reservoir (A/V=0.5)  


  
Cash 
(mg/kg) 1 mm ash 5 mm ash 10 mm ash 50 mm ash 


     
Livestock drinking water parameters    
Acidity H+ 0.00041 0.000000205 1.025E-06 2.05E-06 0.00001025 
 pH1  6.7 6.0 5.7 5.0 
Aluminium Al 195 0.098 0.49 0.98 4.9 
Arsenic As 0.032 0.000016 0.00008 0.00016 0.0008 
Boron B 2.6 0.0013 0.0065 0.013 0.065 
Cadmium Cd 0.0038 0.0000019 0.0000095 0.000019 0.000095 
Calcium Ca 5392 2.7 13.5 27.0 135 
Chromium Cr 0.044 0.000022 0.00011 0.00022 0.0011 
Cobalt Co 0.132 0.000066 0.00033 0.00066 0.0033 
Copper Cu 4 0.002 0.01 0.02 0.1 
Fluoride F 86 0.043 0.22 0.43 2.2 
Iron Fe2 46 0.023 0.12 0.23 1.2 
Lead Pb 0.0014 0.0000007 0.0000035 0.000007 0.000035 
Magnesium Mg 419 0.21 1.0 2.1 10 
Manganese Mn2 14.3 0.0072 0.036 0.072 0.36 
Molybdenum Mo 0.001 0.0000005 0.0000025 0.000005 0.000025 
Mercury Hg 0.0087 0.0000044 2.2E-05 0.000044 0.00022 
Nickel Ni 0.35 0.00018 0.00088 0.0018 0.0088 
Nitrate NO3 25.6 0.013 0.064 0.13 0.64 
Selenium Se 0.1 0.00005 0.00025 0.0005 0.0025 
Sodium Na 413 0.21 1.03 2.07 10.3 
Sulphate SO4 5722 2.9 14 29 143 
Zinc Zn 5.6 0.0028 0.014 0.028 0.14 


 


1pH values of <5 are associated with an increased potential for corrosion (Table 5.7). 
2The aesthetic guideline values for Fe and Mn in the Drinking Water Standards of New Zealand (2005) are used 


here for comparison in an attempt to predict impacts on palatability of livestock drinking water. They are 0.2 m/L 
for Fe and 0.04 mg/L for Mn.  


 
Clearly reservoirs of this size are less vulnerable to changes in composition due to ashfall 
than small water troughs, because of the greater depth available for dilution. Effects on 
palatability (which are very much putative at this stage) become apparent at 10 mm ashfall, 
and at 50 mm ashfall problems with fluoride toxicity may also be expected. While a pH value 
of 5 is predicted by this model for an ashfall of 50 mm, some buffering capacity from the 
underlying soils and sediments can be expected.  
 
7.4 An irrigation reservoir 


Increasing turbidity is a well-characterised consequence of the contamination of water 
supplies by volcanic ashfall. The suspension of ash in water has led to a range of effects 
such as the clogging of water intakes and abrasive damage to turbines (Blong, 1984; 
Johnston, 1997). High levels of turbidity can also compromise the effectiveness of 
disinfection in water treatment, causing a public health risk.  
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Irrigation systems are clearly vulnerable to high levels of turbidity. As discussed in Section 
5.3.5, high levels of suspended solids can clog intake structures, pipelines or fine nozzles. 
Guideline values for suspended solids state that levels of <50 mg/L suspended solids should 
cause no problems with clogging drip irrigation systems, levels of 50-100 mg/L can be 
expected to cause slight to moderate problems, and levels of >100 mg/L are expected to 
cause severe problems. The South African guidelines note that the abrasive action of 
particles can also lead to accelerated wear of sprinkler nozzles and other components in 
distribution systems; this is particularly relevant in relation to volcanic ash which is highly 
abrasive.  
 
Irrigation systems vary in their vulnerability to volcanic ashfall. Systems that rely on 
groundwater abstraction and that do not have above-ground storage are relatively 
invulnerable. However, storage reservoirs are vulnerable to ashfall. An example of a storage 
reservoir on a Hawke’s Bay vineyard is shown in Figure 6.3. The dimensions of this reservoir 
are 30 m x 20 m x 5 m deep, giving a contamination potential A/V of 0.2.  
 
For 1 mm ashfall, the total volume of ashfall on the surface of this reservoir will be 0.6 m3. 
This is equal to 600 kg ash, using a density of 1 kg/L for freshly fallen ash (Stewart et al., 
2006). When divided by the volume of the reservoir, this gives a suspended solid 
concentration of 600/3000 kg/m3, or 200 mg/L. Comparing this to the guideline values 
described above, this level of suspended solids is expected to cause problems, assuming the 
deposited ashfall remains in suspension. 
 
Thus, just 1 mm ashfall on a five-metre deep irrigation reservoir can be expected to cause 
problems owing to the presence of suspended particles. Problems will intensify with greater 
thicknesses of ashfall and for shallower reservoirs.  
 


 
Figure 6.3 Irrigation reservoir, Hawke’s Bay 
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8.0 CONCLUSIONS  


Volcanic ashfall can have serious impacts on water supplies. Freshly-fallen volcanic ash may 
result in short-term physical and chemical changes in water quality, increased wear and 
damage to water delivery systems and a high demand for water during cleanup operations. 
Modern farming operations are critically dependent on their water supplies, particularly 
dairying, which has very high rates of water consumption, particularly during summer 
months. The aim of this project was to characterise the vulnerability of farm water supplies in 
New Zealand to volcanic ashfall, and to make management recommendations to reduce this 
vulnerability. 
 
8.1 Literature review 


Two particular eruptions have been studied with respect to impacts on agricultural or rural 
water supplies: the 1980 eruption of Mt St Helens, in the northwestern United States, and the 
1991 eruption (VEI 4+) of Hudson Volcano, in southern Chile. For these relatively large 
eruptions, it is clear that physical impacts of ashfall tend to overwhelm more subtle chemical 
impacts (such as changes to water quality). Particular points of vulnerability are open 
systems such as irrigation channels and drinking water ponds, which become clogged with 
ash, and ash damage to electrical components such as switch panels, to motors and other 
components such as sprinkler heads.  
 
Impacts of ash from the Mt St Helens eruption on two contrasting regions showed that, 
groundwater-fed systems are much more resilient to volcanic ash than surface water-fed 
systems. However, even groundwater-based water supplies can be vulnerable to ashfalls; in 
Ritzville Country, ashfall still caused disruption to groundwater-fed irrigation systems as 
airborne ash disabled pumps by shorting out electrical panels. In coastal Santa Cruz 
province, Patagonia, windmills used to extract groundwater were disabled by airborne ash 
from the 1991 eruption of Hudson Volcano.  
 
8.2 Vulnerability assessment of case study farms 


Eight case study farms in the central North Island covering a diverse range of locations and 
land uses and access to water supplies were characterised with respect to their water use, 
with the aim of assessing the vulnerability of their water supplies. Overall vulnerability is 
determined by the following factors: 
• the type of water supply (whether groundwater or surface water-fed); 
• water storage capacity; 
• water use; 
• independence of supply; 
• pumping capability; 
• other stresses on the water supply. 
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8.2.1 Overall vulnerability index 


An overall vulnerability index for each farm was calculated by assigning weighted scores to 
the six factors described above. The largest single factor contributing to vulnerability is 
whether a water supply is derived from groundwater or surface water. The overall 
vulnerability of the study farms ranged from ‘extremely vulnerable’ (a score of 87 out of a 
maximum of 100 for a dairy farm in Taranaki) to ‘moderately vulnerable’ (a score of 42, for a 
sheep and beef farm in Hawkes Bay).  
 
8.2.2 Overall volcanic risk to water supplies 


Vulnerability indices for individual farms were combined with predictions from a probabilistic 
volcanic risk model of the accumulated thickness of volcanic ash over the central North 
Island over a period of 10,000 years. This gives an overall indication of the volcanic risk to 
their water supplies. Study farms 4 (a dairy farm in Rerewhakaaitu, near Rotorua) and 6 (a 
dairy farm in south Taranaki) were assessed as being most at risk.  
 
8.3 Guidelines review 


Agricultural water quality guidelines from South African, Canada and New Zealand/Australia 
(ANZECC), as well as guidelines produced by the FAO, were reviewed. This was a useful 
exercise as it identifies the water quality issues important to farm water use and primary 
production. Our preliminary analysis suggests that the following are likely to be the key 
issues for farm water supplies in the event of volcanic ashfall: 
• high levels of suspended ash (turbidity) will make surface waters unsuitable for irrigation 


because of clogging of pipes and nozzles; abrasional damage is a further hazard; 
pumping of suspended volcanic sediments (such as at Study Farm 3) suggest damage 
will occur to impellors; water pumps can be expected to suffer accelerated wear if 
pumping volcanic sediment suspended in water over a long period of time (months to 
years) following an ashfall event; 


• surface water contaminated by ash may show a tendency to be corrosive towards 
concrete; 


• the palatability of drinking water for livestock may be affected due to the presence of iron 
and manganese which impart a bitter metallic taste; and 


• there may be toxic effects on livestock from volcanic elements such as fluoride and 
aluminium; however, intake of fluoride from drinking water may be insignificant compared 
to ingestion from contaminated feed. 


 
There are considerable uncertainties associated with these issues. For instance, although 
guideline values for iron and manganese in drinking water are set for the human drinking 
water supply in New Zealand, there are no guideline values for livestock drinking water and 
little indication available of the sensitivity of different livestock to the palatability of their water 
supply.  
 
8.4 Broader considerations for farm managers in a volcanic crisis 


This report addresses impacts of volcanic ash on farm water supplies. However, in the event 
of a volcanic crisis, impacts on soil and vegetation, livestock, human health and lifelines 
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(particularly electricity supplies and transport and communication networks) will also occur. 
Thus, minimising disruption of farm water supplies should be part of an  integrated and 
comprehensive farm response . 
 
Neild et al. (1998) provide a comprehensive summary of potential impacts on agriculture and 
horticulture. Wilson and Cole (2007) take this further, summarising potential ashfall impacts 
for pastoral farms (specifically dairy farms) and addressing key farm management 
vulnerabilities and recommending strategies for risk management. Wilson et al. (2007) 
provide a useful summary of impacts on tropical horticulture for the 2006 eruption of Merapi 
volcano, Indonesia.  
 
For more information on the impacts of volcanic eruptions on agriculture, horticulture and 
forestry, and potential mitigation measures, refer to http://www.maf.govt.nz/mafnet/rural-
nz/emergency-management/volcanoes/volcano-erruption-impact/httoc.htm 
 
For more information on the impacts of volcanic eruptions to infrastructure and communities 
refer to http://volcanoes.usgs.gov/ash – volcanic ash impacts website. 
 
For more information on health hazards of volcanic ash and guidelines on household 
preparedness before, during and after an ash fall refer to http://www.ivhhn.org.  
 
For more information on volcanic monitoring in New Zealand refer to 
http://www.geonet.org.nz/. 


9.0 RECOMMENDATIONS TO REDUCE FARM WATER SUPPLY 
VULNERABILITY TO VOLCANIC HAZARDS 


The purpose of these recommendations is to increase resilience to a volcanic eruption. They 
have been divided into components corresponding to the ‘4R’ model (reduction, readiness, 
response and recovery) that is currently used as the basis for emergency management in 
New Zealand. An indicative timeframe is also provided for each section. 
 
9.1 Reduction (years to months in advance of an eruption – during 


periods of quiescence) 


Risk reduction refers to steps that can be taken well in advance of any crisis to reduce 
vulnerability.  
 
• Take steps to protect the farm’s household water supply. If the household relies on a 


roof-fed rainwater tank, install a disconnect valve to prevent ash washing into the tank. 
Alternatively stockpile bottled water.  


• Ensure farms have adequate tank water storage. Five to seven days’ supply for stock in 
hot dry conditions is ideal, but 3-5 days is a reasonable target.  Ensure that stored water 
can be distributed if pumping facilities are disrupted, by locating tanks on top of 
topographic highs so water can be gravity-fed. 


• Diversify water supplies if possible; an ideal situation is to have access to both surface 
and ground water supplies. 
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• Be aware that an already overstretched water supply will be more vulnerable in the event 
of a volcanic crisis; if possible take steps to address the problem prior to an event 
occurring. 


• Maintain water distribution systems in a good state of repair to reduce the need for 
attention from the farmer during a crisis when time and resources will be scarce. If the 
distribution system has separate sources, consider connecting them into a single network 
to provide extra resilience.  


• Using larger stock watering troughs should provide some mitigation against 
contamination by ashfall, as there is more volume available to dilute soluble components.  


• Consider purchasing a diesel generator to ensure that water pumps can continue to 
operate during power outages. A further option is to ensure that pumps can be run from 
tractor PTOs, but this has the disadvantage of immobilising tractors.  


 


9.2 Long-term readiness (weeks to days in advance of an eruption; 
volcano showing some signs of unrest) 


• Make sure maintenance of water distribution and supply system is up to date and that 
storage tanks are full.  


• Plan what to do in the event of an eruption. Decide how to best locate livestock for 
access to fresh water. Consider alternative supplies of water if your own supply becomes 
unusable (e.g. neighbours with a groundwater supply).  


• Stock up on filters and water supply fittings (for pumps and other machinery) 
 


9.3 Short-term readiness (days to hours in advance of an eruption: 
volcano showing strong signs of unrest, or has erupted and ashfall is 
possible) 


• If your household water supply is from the roof, disconnect the down-pipe so that ash 
does not wash into the storage tank. Consider water rationing if supplies are limited.  


• Move stock to paddock(s) with good access to water supplies, e.g. gravity-fed from 
storage tanks, or running water such as springs or creeks, and preferably close to 
homestead. 


• Decide on management options for stock watering troughs 
o Move stock to secure supply if possible 
o Cover troughs during ashfall 
o Leave troughs uncovered, but ensure they are full to dilute ashfall contamination 


• Be prepared for false alarms - predicting a volcanic eruption prediction is not an exact 
science. 


• Ensure sump, drain pipes, and drain grills are clear.  
 


9.4 Response (during and immediately after an eruption) 


• Monitor and assess impact of volcanic ash on water supplies. If possible, service pump to 
ensure any damage is minimised. 


• Prioritise farm activities as being critical, required or optional., These may change from 
day to day. Develop a priority list of facilities that must be kept operative versus those 
that can be shut down during and after ashfalls.  
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• If possible, and appropriate, move stock into covered yards.  
• If water supply is compromised or disrupted, begin to practice water conservation. 
• Expect little outside help during the response period, other than information on radio, 


television and the internet. 
• Conserve water when cleaning up ash. Best practice guidelines are to lightly wet the 


volcanic ash and then shovel it out.  Choose a disposal site well away from critical farm 
areas. This is preferable because if ash is washed into drains it may block them as well 
as increasing water use.  
 


9.5 Recovery (following the eruption) 


• Be aware that volcanic eruptions may not be short-term disturbances but may last for 
periods of years or even decades.  


• Take the time to assess all components of water supply systems.   
• Build back better: if your supply was damaged or disrupted, reconstruct it in a more 


resilient manner to prevent the same problem occurring in the future.  Use Reduction 
recommendations as guidelines. 
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APPENDIX 1 INFORMATION ON VOLCANIC ASHFALL 


Thickness and grain size of the ash deposit 


The thickness of the ashfall is determined by the magnitude of the eruption, the wind 
direction during the eruption, and proximity to the volcano. The grain size of the ash deposit 
is similarly determined by these characteristics.  The presence of water during the eruption 
also has a significant influence, causing magma to be super-cooled and quench, rapidly 
releasing energy and causing vesicles in the magma to shatter.  The resulting ash is usually 
comprised of fine and blocky fragments (Heiken and Wohletz, 1985). 
 
Components of volcanic ash 


Volcanic ash is composed of glass shards, crystal/mineral fragments, and lithic particles 
(fragments of older material such as rock stripped off the magma chamber walls) in varying 
proportions depending on the style of eruption (Figure 2.1 and Figure 2.2; Heiken and 
Wohletz, 1985). The proportions of each may change throughout the duration of the 
eruption. Volcanic ash is generally hard (ranging from 3-8 on Moh’s scale of hardness) and 
has sharp broken edges making it very abrasive. Mineral fragments reflect the magma type, 
as they are derived from phenocrysts with in the magma. The chemical composition and rate 
of cooling of the erupting magma will determine the different mineral assemblages. Glass 
shard shapes and sizes depend upon the shape and size of vesicles present within the 
magma immediately before eruption (Heiken and Wohletz, 1985; Blong, 1984). These 
differences in ash components and grain types, alters the physical impacts of ash 
deposition. Individual volcanoes may have a typical composition of magma which is unique 
to that volcano. 
 
Volcanic ash is readily remobilised when dry, very electrically conductive when wet, and 
highly abrasive, particularly as most ash is made up primarily of glass shards (Figure 2.1; 
Heiken and Wohletz, 1985).  
 


 
Figure A1 Scanning Electron Microscope image of a basaltic ash particle from the 1886 Tarawera 
eruption from Tarawera Volcano, New Zealand (Scott Barnard, pers comm., 2007) 
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Figure A2 Scanning Electron Microscope image of a basaltic-andesite ash particle sampled from a 
block-and-ash flow of the 2006 eruption from Merapi Volcano, Indonesia (Wilson and Kaye, 
unpublished data) 
 


Adsorption of volatiles 


The most chemically reactive components of ash are thin films of compounds derived from 
magmatic gases that adhere to ash grains, forming reactive surface coatings (Witham et al., 
2005; Rose, 1977). Scavenging of aerosols within volcanic plumes is complex, and is 
controlled by:  
• magma type and ash composition 
• mode of eruption 
• gas-pyroclast dispersion immediately following fragmentation 
• concentration of the plume 
• ratio of particles to gas 
• particle size fractions 
• particle surface area, porosity and texture 
• temperature and chemical history or the particle trajectory through the plume 
• environmental conditions (including wind and humidity) 
• extent of hydrothermal interaction at the volcano. 
 
Fine ash particles have large surface areas relative to their mass, allowing transport of 
significant amounts of soluble aerosols given the size of the ash particle.  As the finest ash 
particles travel the greatest distance from a volcano, relatively thin ashfalls many 
contaminate water bodies with potentially toxic concentrations of aerosols (Cronin et al., 
2003a).  
 
Many adsorbed elements are highly soluble, and rainfall or surface water flow onto freshly 
deposited ash will readily leach these materials into the environment.  The concentration of 
the leachate itself is highly dependent on the volume of water that comes into contact with 
the ash (Witham et al., 2006).  Ash may fall directly onto water bodies where soluble salts 
can rapidly dissolve within the water.  It is also common for aerosols and ash particles to 
dehydrate as they are transported away from the volcano, or after they have settled onto the 
ground surface.  When this ash is remobilised into water bodies (wind or water erosion) the 







 


 


GNS Science Report 2009/01 101 


 


soluble salts can contaminate water supplies, especially if there hasn’t been rain to leach the 
ash (Stewart et al., 2006). During a rainy season, for example, the volume will be high and, 
hence, concentrations will be lower.   Pulses of high F, Cl and SO4


2- concentration and low 
pH have been recorded in rivers following deposition of ash during volcanic activity 
(Oskarsson, 1980; Smithsonian Institution, 2000), as have high lake SO4


2- levels (Markhinin, 
1988; Weaire and Manly, 1996). 
 
Acidification 


Surface coatings on fresh volcanic ash are highly acidic, due to the influence in the volcanic 
plume of aerosols composed of the strong mineral acids H2SO4, HCl and HF. Therefore, 
when freshly-erupted ash comes into contact with water, it has the potential to lower the pH 
beyond acceptable limits for drinking water supplies or for the protection of aquatic life or 
livestock (Stewart et al., 2006; Cronin et al., 2003a; Witham et al., 2005).   
 
There are many examples of the acidification of natural waters and water supplies following 
volcanic ashfall (summarised in Stewart et al., 2006). At Iwikau village, located at the base of 
Whakapapa skifield, pH levels ranging from 4.4 to 6.0 were recorded in roof tank supplies 
following the 1969 Ruapehu eruptions. Further down the mountain, Whakapapa Village 
received 1–6 mm of ash; the pH of its stream-fed water supply was recorded as 5.6 (Collins, 
1978). Similar pH levels in receiving waters following volcanic ashfall have been reported in 
many other studies (e.g. Wilcox, 1959; Smithsonian Institution, 1997; Cronin and Sharp, 
2002). Very low pH values are associated with greater thicknesses of ashfall.  
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APPENDIX 2 REGION FARM WATER USAGE 


Information was accessed from council websites (Waikato, Bay of Plenty, Taranaki and 
Hawke’s Bay regions), regional council publications, and interviews were held with 
hydrologists from Environment Waikato and Taranaki Regional Council, the Manager of 
Land Management for Hawke’s Bay Regional Council, Fonterra field managers and 
scientists in Taranaki, and the Emergency Management Officer for Taranaki Regional 
Council. 
 
Regional water use 


To establish a general overview of water usage by region, information on the management 
of water resources was obtained for five regions (Waikato, Bay of Plenty, Gisborne, Hawke’s 
Bay and Taranaki).  It was hoped this information would give farm water usage information 
at a regional level so that conclusions could be drawn on which regions are most vulnerable 
to volcanic ashfall impacting farm water supplies.  However it became rapidly clear that 
councils had relatively poor understandings of farm water use in the region due to non-
consented allocation rights to farmers under the RMA.  Council databases only included 
users who exceeded allocation limits and required a consent, giving an incomplete and 
inaccurate record.  This lack of data prompted more attention to be focused on the case-
study farms.   
 
Analysis was undertaken on consented water takes by Lincoln Environmental (2000) 
investigating water allocation in each region, and percentages of surface and groundwater.  
Whilst slightly out of date, this is a useful proxy to investigate water usage in each region.  It 
is also useful to investigate allocated water users because as the largest water users, they 
would be most impacted by disruption of water supplies from volcanic ashfall.   
 
Total weekly allocation and type of supply are presented in Table A2.1.  There is a high 
reliance on surface water supplies the central and western parts of the North Island, with 
approximately two thirds of allocated water derived from surface water takes in the Waikato 
and Bay of Plenty regions (Lincoln Environmental, 2000).  Reliance is significantly higher in 
Taranaki.  This is of concern as surface water supplies are most vulnerable to disruption by 
volcanic ashfall, particularly in Taranaki given the high volcanic hazard of that region.  In 
marked contrast 67% of water allocations in the Hawke’s Bay is made up of groundwater 
supplies (Lincoln Environmental, 2000).  This indicates a higher resiliency as supplies are 
unlikely to be contaminated by ashfall.   
 
Table A2.1 Water allocation by region in groundwater and direct surface water takes (from Lincoln 
Environmental, 2000) 


Weekly allocation 


Council 
Total weekly 


allocation (m3/s) 
% allocated from 


groundwater 
% allocated from 


surface water 
Waikato 10.3 39% 61% 
Bay of Plenty 8.9 29% 71% 
Hawke’s Bay 16.8 67% 33% 
Taranaki 3.4 4% 96% 
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Usage of allocated water is presented in Table A2.2. Note that public water supply includes 
municipal, stock water, domestic, community and farm household water supplies (Lincoln 
Environmental, 2000).  This indicates that for all regions, farm water supplies (irrigation and 
a component of public water supply) make up a large component of water allocations.  
Hawke’s Bay is notable for its high total weekly allocation and high allocation for irrigation.  
This indicates a potentially increased vulnerability to farm water users in that region through 
contamination of surface water supplies (includes irrigation reservoirs which rely on 
groundwater reserves) or power cut disrupting access to groundwater resources.  Taranaki 
has a very low allocation for irrigation, suggesting less vulnerability.  This variability in water 
sources between regions suggests farm water supply sources are highly diverse and there is 
likely to be strong variation within regions.   
 
Table A2.2 Uses of allocated water by region (from Lincoln Environmental, 2000) 


Council 
Total weekly 


allocation (m3/s) 
% of allocation 
for irrigation 


% of allocation for 
industrial use 


% of allocation for 
public water supply 


Waikato 10.3 32% 42% 26% 


Bay of Plenty 8.9 40% 19% 41% 


Hawke’s Bay 16.8 68% 11% 21% 


Taranaki 3.4 13% 41% 46% 


 
A further breakdown of water allocation for irrigation and irrigated area by region and land-
use type is presented in Table A2.3.  Much of the irrigated area in each region is for 
horticultural practices.  Dairy farming makes up a large component of irrigated land in 
Taranaki, whilst arable farming is a large component in Hawke’s Bay.  These land-uses in 
each respective region are likely to suffer greater disruption if their water supplies are 
contaminated by volcanic ashfall due to their greater reliance on water.  They also have 
greater likelihood of disruption, as irrigating farms often have uncovered water storage 
ponds for storing extracted ground water for times of irrigation or have large extractions from 
surface water resources. The greatest area irrigated is also in Hawke’s Bay suggesting a 
high reliance on agricultural irrigation in this region to maintain productivity.  This 
vulnerability may be somewhat mitigated by the high percentage of groundwater extraction 
for allocated water extractions in the region (67%; Lincoln Environmental, 2000). 
 
Allocation limits for water extraction on a per farm basis (farms being defined as farm 
properties larger than 1 ha) in each region are presented in Table A2.4 to give reference to 
the size of extraction allowable without a consent.   
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Table A2.3 Water allocation limits for individual farms in different regions  


Council 
Maximum allowed surface water 


abstraction 


Maximum allowed 
groundwater 
abstraction Source 


Waikato 


 15 m3/day 
  
 15 m3/day 
 1.5 m3/day for 


properties 
entirely within 
600m of 
coastal marine 
area 


 
www.ew.govt.nz/ 


Bay of Plenty 


 15 m3/day 
 2.5 litres per second or 


10% of the estimated five 
year low flow from river or 
stream 


 intake velocity shall not 
exceed 0.3 metres per 
second 


 35 m3/day 
 


 
www.ebop.govt.nz/ 


Hawke’s Bay 


 
 20 m3/day for takes > 4 


weeks 
 200 m3/day for takes < 4 


weeks 
 Must not exceed 0.3 


m3/sec and not exceed 
10% of the instantaneous 
flow 


 10 L/sec or 20 
m3/day 


 
www.hbrc.govt.nz/ 


Taranaki  1.5 L/sec or 50 m3/day  1.5 L/sec or 
50 m3/day 


 
TRC, 2006 
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Table A2.4 Water allocation for irrigation and irrigated area by region and land-use type (adapted from Lincoln Environmental, 2000) 


 


% of irrigated area in different land uses (MAF estimate) 


Council 


Water allocation 
for irrigation 


(m3/s/wk) 


Consented 
irrigation area 


(ha) 


Irrigated area - 
MAF estimate 


(ha) 


Average 
allocation 


(mm/ha/wk) Dairy 
pasture 


Other 
pasture Arable Horticulture Viticulture 


Waikato 3.3 n/a 4,500 44 14% - - 84% 2% 


Bay of Plenty 3.6 9,435 9,435 23 23% - - 76% - 


Gisborne 1.2 n/a 5,000 15 8% - 2% 90% <1% 


Hawke’s Bay 11.4 23,242 23,242 30 8% 8% 35% 41% 8% 


Taranaki 0.4 n/a 2,000 13 88% - 12% - - 
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APPENDIX 3 ELECTRICAL POWER SUPPLY VULNERABILITY 


 


Tephra can many problems for electrical distribution systems, which consequentially disrupt 
water pumps. The most common problems are supply outages from insulator flashover, 
flashover in electrical switch boards, line breakage (weight of tephra and tephra laden flora 
falling onto the lines) and controlled outages during tephra cleaning (Heiken et al., 1995; 
Johnston, 1997; Warrick et al., 1981).  
 
Insulator flashover is a serious threat to electrical supplies and equipment on farms.  
Flashover occurs as electricity arcs from a conductor to earth or from conductor to conductor 
(www.transpower.co.nz). This damages the insulators and the lines, electrical equipment, or 
transformers; ultimately leading to a power cut.  Flashover potential is determined primarily 
by the ash conductivity, ash adherence and physical dimensions of equipment. Dry volcanic 
tephra is not known to be conductive enough to be a problem. However when enough 
moisture is present to increase the conductivity of the ash flashover may occur.  The 
moisture may come from the atmosphere (in the form of rain, before or after the eruption), or 
from the eruption plume itself (Wilson and Cole, 2007).   
 
Substation insulators are more vulnerable to flashovers than line insulators, because of their 
shape and orientation, so it is likely the regional electrical distribution network will fail at 
critical nodes creating widespread outages during moderate to severe tephra falls. This will 
cause large disruption, potentially including farms not affected by ashfall.  
 
Electrical storms are commonly associated with tephra falls due to the static build up from 
the millions of ash particles rubbing together.  This creates lightning strike hazards for 
electrical supply networks. This was observed in the Tarawera area during the 1886 eruption, 
with telegraph poles and lines struck, cutting communications (Smith, 1886). Such strikes 
also occurred during the 1980 Mt. St. Helens eruption and during the May 1924 Kilauea 
eruption, when 21 consecutive poles were hit (Blong, 1984).  
 
The best way to mitigate tephra fall hazards to electrical power supply is to bury power-lines, 
and install insulators and power lines resistant to tephra accumulation. These however are 
highly costly options difficult to justify to New Zealand’s current energy sector.  A controlled 
power outage to allow cleaning of the insulators is commonly used; however this is costly, 
both in terms of cleaning and the loss of power to consumers. Cleaning by Transpower 
during the 1995-96 Ruapehu eruptions involved water blasters at ~1500 psi to quickly clean 
off tephra, followed by manual cleaning using a dry cloth (www.transpower.co.nz). Drying the 
insulators gave much better results but greatly increased cleaning time (Johnston, 1997). It is 
also unlikely power supply maintenance personnel would be available to rural customers 
immediately, with urban centres and higher voltage lines getting priority (P. Joureaux, pers 
comm., 2005).  The installation of a personal generator on a farm would give a degree of 
resilience to volcanic hazards.  
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APPENDIX 4 STUDY FARM INTERVIEW LOG SHEETS 


    
 


INTERVIEW LOGS – Farms 
 


Interviewer: 
 
Date:  
 
Location (GPS):  
 
Farm Type:  
 
Stock Numbers/Rate:  
 
Acres/Hectares:  
 


1) Please describe in detail how you access water supplies for your farm: 
- nature of farm water supply (groundwater, stream, reservoir, regional or 


local schemes etc) 
- pumps, storage facilities (tanks/reservoirs) 
- how many others do you share your water supply with? 


 
2) What key farm functions/operations require water?  Is this supply required through 


out the year?  (rate 1-4, with 4 being essential) 
 
 


3) Characterise water use throughout the year – what is water used for and when 
(defining seasonal vulnerability):  


- when are the heavy water periods?   
- how much do you use (during the year and during specific times) 
- how long are these periods?   
- how critical are they (rate 1-4, with 4 being essential) 


 
4) Has there been any events/or actions that have threatened or disrupted your farm 


water supply?   
- What implications did they (potentially) have on your farm and the way you run 


your farm?   
- Has this experience modified the way you farm now? 
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5) Were you ashed on during the 1995/96 Ruapehu eruptions?   
- If so, could you please describe the experience  


=  what did you do (before, during, after)? 
= what was impacted? 
=  how much information was available? 
= what could have been better? 
= what parts of the experience were good? 
 


- If not…could you please describe the experience (what did you do and what 
was impacted, how much information was available) 


=  what did you do (readiness)? 
= what did you hear was impacted? 
=  how much information was available? 
= what could have been better? 
= what parts of the experience were good? 


 
6) What do you think would happen to your water supply if it was affected by volcanic 


hazards, such as an ashfall, lahar, pyroclastic flow (may need to describe what 
these events could do to the water supply – talk through their entire water supply 
and look for weakness and vulnerabilities): 


- water quality and supply 
- supply infrastructure (pumps, pipes, hoses, tanks, troughs).   
- end uses (stock drinking, irrigation, washing down, domestic use, etc) 


 
Please try to identify key points of vulnerability – such as open 
tanks/dams/reservoirs, pumps, pipes that can get blocked 
 
 


7) What actions would you do to protect your farm and its water supply if you were 
informed (talk through general farm stuff as well as water supply – entire supply – 
would they try and secure/protect supplies): 


- a volcano was showing signs of unrest and a volcanic eruption was possible 
within the next month 


- a volcanic eruption was imminent (likely within the next couple of days-week) 
- a volcanic eruption had occurred and your farm was likely to be affected by 


ashfall hazards within 2-10 hours 
 


8) Do you have a roof-fed water tank for household supply?  
- If so…do you have a disconnect valve between the roof and the tank? 


 
9) What assistance would expect from the emergency management agencies (such 


as MAF or Federate Farmers or regional council or MCDEM) in the volcanic crisis 
(in general and then in regard to water supplies) 


- before 
- during 
- after  
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APPENDIX 5 APPLICATION OF FARM WATER SUPPLY VULNERABILITY 
MODEL (VOLCANIC HAZARDS) 


 
o Study Farm 1: Water Supply Vulnerability Rating 


 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Groundwater 10 


Pumping Capability  
 


Total reliance on pumped water – 
back up power option for pump 15 


Storage Capacity  Storage capacity to operate for 1-
3 days (in high demand periods) 10 


Independence of 
Supply Share with several users 2 


Water Usage Small water user 5 


Previous/Current Water 
Stress 


Constant (un-stressed) supply of 
water to farm 0 


VULNERABILITY 
RATING 


SUM TOTAL 42 (100)  


 


 


o Study Farm 2: Water Supply Vulnerability Rating 
 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Surface water 30 


Pumping Capability  
 


Some reliance on pumped water – 
no back up power option for pump 10 


Storage Capacity  Storage capacity to operate for 1-
3 days (in high demand periods) 10 


Independence of 
Supply Individual access to supply 0 


Water Usage Small water user 5 


Previous/Current Water 
Stress 


Occasional pressure on farm 
water supply  3 


VULNERABILITY 
RATING 


SUM TOTAL 58 (100) 
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o Study Farm 3: Water Supply Vulnerability Rating 
 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Surface water 30 


Pumping Capability  
 


Total reliance on pumped water –
back up power option for pump 15 


Storage Capacity  Storage capacity to operate for 5+ 
days (in high demand periods) 5 


Independence of 
Supply Share with several users 2 


Water Usage Small water user 5 


Previous/Current Water 
Stress 


Constant pressure on farm water 
supply  10 


VULNERABILITY 
RATING 


SUM TOTAL 67 (100) 


 


o Study Farm 4: Water Supply Vulnerability Rating 
 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Groundwater 10 


Pumping Capability  
 


Total reliance on pumped water – 
back up power option for pump 15 


Storage Capacity  Storage capacity to operate for 1-
3 days (in high demand periods) 10 


Independence of 
Supply Individual access to supply 0 


Water Usage Large water user at specific times 
of the year 10 


Previous/Current Water 
Stress 


Constant (un-stressed) supply of 
water to farm 0 


VULNERABILITY 
RATING 


SUM TOTAL 45 (100)  


 


o Study Farm 5: Water Supply Vulnerability Rating 
 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Groundwater 10 
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Pumping Capability  
 


Total reliance on pumped water – 
no back up power option for pump 20 


Storage Capacity  No storage capacity  20 


Independence of 
Supply District scheme 5 


Water Usage Large water user at specific times 
of the year 10 


Previous/Current Water 
Stress 


Constant (un-stressed) supply of 
water to farm 0 


VULNERABILITY 
RATING 


SUM TOTAL 65 (100)  


 


o Study Farm 6: Water Supply Vulnerability Rating 
 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Surface water 30 


Pumping Capability  
 


Total reliance on pumped water – 
back up power option for pump 15 


Storage Capacity  No storage capacity  20 


Independence of 
Supply District scheme 5 


Water Usage Large water user at specific times 
of the year 10 


Previous/Current Water 
Stress 


Seasonal pressure on farm water 
supply 7 


VULNERABILITY 
RATING 


SUM TOTAL 87 (100) 


 


o Study Farm 7: Water Supply Vulnerability Rating 
 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Groundwater 10 


Pumping Capability  
 


Total reliance on pumped water – 
no back up power option for pump 20 


Storage Capacity  No storage capacity  20 


Independence of 
Supply Individual access to supply 0 







 


 


GNS Science Report 2009/01 112 


 


Water Usage Large water user at specific times 
of the year 10 


Previous/Current Water 
Stress 


Constant (un-stressed) supply of 
water to farm 0 


VULNERABILITY 
RATING 


SUM TOTAL 60 (100)  


 


o Study Farm 8: Water Supply Vulnerability Rating 
 


VULNERABILITY 
CLASS INDICATOR VULNERABILITY 


RATING 


Supply Groundwater 10 


Pumping Capability  
 


Total reliance on pumped water – 
no back up power option for pump 20 


Storage Capacity  Storage capacity to operate for 1-
3 days (in high demand periods) 10 


Independence of 
Supply Individual access to supply 0 


Water Usage Large water user at specific times 
of the year 10 


Previous/Current Water 
Stress 


Constant (un-stressed) supply of 
water to farm 0 


VULNERABILITY 
RATING 


SUM TOTAL 50 (100)  
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APPENDIX 6 DIMENSIONS OF STOCKWATER TROUGHS USED IN CHEMICAL 
MODELLING 


 
 


Humes trough dimensions    
area 
(m2) 


volume 
(m3) 


A/V  
(m-1) 


Shape Capacity Length Width Depth    
             
Rectangular 200 (44gal) 1300 710 380 0.92 0.2 4.6
Rectangular 300 (66gal) 1900 710 380 1.35 0.3 4.5
Rectangular 400 (90gal) 2740 710 380 1.95 0.4 4.9
             
        
Shape Capacity Diameter Depth     
            
Circular 500 (110gal) 1484 380  1.73 0.5 3.5
Circular 750 (165gal) 1794 380  2.53 0.75 3.4
Circular 1000 (220gal) 1634 600  2.10 1 2.1
Circular 1500 (330gal) 2000 600  3.14 1.5 2.1
Circular 2500 (550gal) 2500 600  4.91 2.5 2.0
            
Hynds round 
troughs        
 Capacity (l) Diameter Depth     
Round 100 
gallon 450 1350 430  1.43 0.45 3.2
Round 175 
gallon 780 1600 510  2.01 0.78 2.6
Round 250 
gallon 1125 1960 510  3.02 1.125 2.7
        
        
Hynds oblong 
trough Capacity (l) Length Width Depth    
60 gallon 
oblong 
protector trough 270 2000 660 380 1.32 0.27 4.9
        
        


      
Average 
A/V 3.4
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 INTRODUCTION 


The August 1991 eruption of Mt. Hudson (Chile) was the third-largest eruption of the 20th 


century.  The eruption distributed ash over 150,000 km2 in Chile and Argentina, and reached 


the Falkland Islands (Inbar et al., 1995).  Much of the impacted region was pastoral 


agriculture and horticultural land, resulting in widespread livestock losses, impacts to crops 


and pastures, changes to soil fertility, and significant impacts on impacted rural communities 


following.  Given the similar latitude, temperate climate of the region, similarity of pastoral 


farming systems, this eruption represents a close analogue to what may be expected in New 


Zealand from a moderate-to-large size volcanic eruption from the Taupo Volcanic Zone or 


Taranaki volcano.   


 


This report details findings from a three-week study tour of southern Patagonia in Chile and 


Argentina affected by the 1991 eruption of Hudson Volcano.  The trip was completed 


between 20 January and 8 February 2008 by Tom Wilson, Jim Cole, Carol Stewart, and 


David Dewar. Our field work was concerned with an assessment of the short and long term 


impacts of the 1991 eruption, with particular emphasis on the impacts on farms, water 


supplies and other infrastructure, and on rural communities. Specific areas of interest were 


as follows:  


 


 Impacts on pastures and the success of soil rehabilitation strategies in both the short 


and long-term;  


 


 Impacts on livestock on both short and long-term timescales;  


 


 Farm abandonment and factors affecting decisions;  


 


 Impacts on rural water supplies and electrical supply networks;  


 


 The use of supplementary feeds;  


 


 Any provision of aid from government and/or non-governmental organisations;  


 


 Identification of any areas suffering permanent physical or socioeconomic impacts 


from the eruption;  


 


 An investigation of the relationship between severity of impacts and depth of ashfall;  


 


 A comparison of the agronomic performance of the region impacted by ashfall in 


comparison to regions outside this zone;  


 


 Factors helping or hindering recovery of agricultural regions; and  


 


 Lessons for New Zealand agriculture and rural communities.  
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Volcanic ash is the most widely-distributed product of explosive volcanic eruptions, with even 


relatively small explosive eruptions distributing ash hundreds of kilometres from the volcano. 


It is well-established that volcanic ashfall can disrupt agriculture, even in small amounts 


(Cronin et al., 1998). Previous experience with moderate to large eruptions (e.g. the 1980 


eruption of Mt. St. Helens; Cook et al., 1981) clearly shows that that such an eruption would 


be devastating to New Zealand‟s agricultural sector and to the wider New Zealand economy. 


Much of the North Island is farmed, and many of the farms are close to or could be affected 


by eruptions from one of the most active volcanic regions in the world. Despite this, little is 


known about the likely impacts of a moderate to large explosive volcanic eruption or about 


paths to recovery.  


 


It is important to have a grounded understanding of the impacts of volcanic ash on pastoral 


farming systems. While some studies (e.g. Cook et al., 1981; Cronin et al., 1998) have 


partially addressed this need, there are significant knowledge gaps about aspects such as 


the best methods to rehabilitate soils contaminated with ash of different depths, the duration 


of the recovery period in relation to factors such as climate, appropriate farm management 


response to ash fall, and impacts of ash on critically important utilities such as water and 


electricity supply.  


 


The 1991 eruption of Hudson was overshadowed by the Pinatubo eruption that occurred in 


the same year, and has been largely overlooked by the volcanic hazard research community 


in view of its size and subsequent impacts.  This provided additional motivation to visit the 


area and record the impacts and lessons farmers and rural communities learnt following the 


eruption. 
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1.0 VOLCANOLOGY OF HUDSON VOLCANO AND THE 1991 ERUPTION 


1.1 Hudson Volcano 


Hudson Volcano is located in the Patagonian Andes, Southern Chile (45o 54‟ S, 72o 58‟ W; 


Figure 1), and was only recognised by locals as a volcano in 1970 (Fuenzalida and 


Espinosa, 1974). It is the southernmost volcano of the Southern Volcanic Zone (SVZ; Figure 


1 inset), is about 1.0 million years old (Orihashi et al., 2004), covers an area of approximately 


300 km2 (Naranjo and Stern, 1998) and is composed largely of interbedded lava flows, 


ignimbrites and tephras. The summit is a 10 km-diameter ice-filled caldera complex with at 


least two caldera rims, suggesting at least two stages of collapse. 


 
Figure 1 General map of the area around Hudson volcano. In inset, ZVN = Northern Volcanic 
Zone; ZVC = Central Volcanic Zone; ZVS = Southern Volcanic Zone; ZVA = Austral Volcanic Zone. 
From Naranjo et al (1993). 


 


Hudson Volcano is not accessible by road, and has not been mapped in detail, but it is 


known that a basaltic lava flow (3-5 m thick) emerges beneath the Huemules Glacier (Godoy 
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et al., 1981). Orihashi et al. (2004) indicate that this was probably erupted from near the 


summit of the volcano c.13 ka ago. From the 1970s it has been known that there were 


widespread Holocene tephra deposits near Hudson Volcano (Auer, 1974), and Stern (1991) 


was able to show that two of these came from Hudson, based on geochemical data. Further 


stratigraphic and chemical studies of the deposits indicated they were erupted approximately 


6700 and 3600 years BP (Naranjo and Stern, 1998). Lack of available information in both 


proximal and distal areas at the time precluded any accurate estimations of volume for these 


eruptions, but their extensive distribution suggested they were large events, the former 


possibly being >18 km3.  


 


A more recent paper by Stern (2008) on Holocene tephra layers in southern Patagonia 


suggested that the earlier of the two eruptions, which has a distinctive green colour and is 


designated Hudson H1 tephra, was erupted 6,850±160 years BP. A felsic ignimbrite (20-30 


m thick and with an estimated volume of c.3 km3) occurs to the north, southwest and 


southeast of the volcano (Orihashi et al, 2004). They consider that this was probably erupted 


6,850 years BP, at the same time as the plinian eruption, and probable latest collapse of the 


caldera. The occurrence of accretionary lapilli in the ignimbrite suggests there was probably 


ice in an earlier caldera at the time of eruption.  


 


Samples collected from Hudson and associated tephras indicate that eruptions from the 


volcano are bimodal in composition (basaltic and dacitic, with minor rhyolite; Figure 2). The 


chemistry is distinctive, with higher TiO2, Na2O, K2O, incompatible trace elements and higher 


87Sr/86Sr ratio in comparison to other Andean SVZ volcanoes (Naranjo and Stern, 1998; 


Orihashi et al., 2004), allowing easy identification of tephras derived from this source. 


 
Figure 2  K2O – SiO2 plot of volcanic glass from the Hudson 1991 eruption. From Bitschene et al. 
1993). 


 


The most recent eruptions of Hudson Volcano were in 1971 (12-26 August) and 1991 (8-15 







 


9 
 


August). The 1971 eruption was trachyandesite eruption of approximately 1 km3 volume that 


produced a 14 km-high column (Bitschene and Fernandez 1995). It began at 1800 h on 12 


August and culminated at 2000 h with a violent eruption that melted snow to generate lahars 


in the Huemules Valley. The ash was directed largely ESE with ashfall recorded on the 


Atlantic Coast of Argentina between Comodoro Rivadavia and Puerto San Julian (Guzman 


1978). Lahars flowed down the Huemules Valley on 13 August causing 11 deaths and 


destroying 80% of the arable land. 


 


 


1.2 1991 Eruption 


The current project is concerned with the 1991 eruption. This eruption began at 1400 h on 8 


August 1991, with lava and crystal-poor vitric basaltic ash (Bitschene et al., 1993) being 


erupted from a 4.5 km-long fissure on the western caldera rim (Naranjo et al., 1993). At 1820 


h there was a major phreatomagmatic event that eventually rose as a phreatoplinian column 


to approximately 12 km height. It was the largest event in the Andes since the 1932 eruption 


of Quizapu Volcano (Bitschene and Fernandez 1995). The pumice and ash was highly 


vesicular. Air fall tephra was directed north in a 12 km-high plinian column which extended 


beyond Puerto Montt. At Puerto Chacabuco, 50 km north of Hudson Volcano, 5-7 mm of ash 


was deposited (Figure 3). Lightning discharges were common in the column. Indications are 


that this phase of the eruption began as a sub-glacial event (Bitschene et al., 1993). At about 


2100 h the extreme western front of the Huemules glacier burst and jokulhaups and lahars 


descended down, continuing for 10-12 hours, probably generated by surges from the 


phreatoplinian column. 
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Figure 3  Isopach map for tephra (depth in cm) erupted on 8-9 August 1991, with a general axis of 
orientation of N10


o
E. From Naranjo et al 1993. 


 


At 1030 h on 9 August, a 200 m high lava fountain was reported, together with a lava flow 


100 m long and 50 m wide (Bitschene and Fernandez 1995) from a crater of approximately 


0.8 km diameter in the southwest quadrant of the caldera (Naranjo et al., 1993).  


 


The second phase of the eruption began on 12 August, but the weather was bad on both 12 


and 13 August and it was not until about 2000 h on 13 August that the plume from the 


eruption was first seen by satellite (Scasso et al., 1994). The erupted material was largely 


trachydacite (95%), dacite (~5%), and very minor rhyolite (<1%) (Bitschene et al., 1993) and 


the event was much more violent, with the plume reaching 18 km height, and spreading 


southeast into Argentina in a narrow plume, with most deposition within a zone 100 km wide 


(Figure 4). This plume extended into the Atlantic Ocean and measurable amounts of ash 


were deposited on the Falkland Islands (Islas Malvinas), 1000 km to the southeast (Banks 


and Iven 1991). 


 
Figure 4 Isopach map for tephra (depth in cm) erupted from 12-15 August 1991. From Naranjo et 
al., 1993. 


 


The volume of the 12-15 August eruption was estimated to be c. 7.6 km3 by Scasso et al. 


(1994). Over 150,000km2 of land in Chile and Argentina were affected by this event, 


particularly around Lago General Carrera (Chile)/Lago Buenos Aires (Argentina) (Figure 4). 


The town of Los Antiguos, in Argentina, was covered by 12 cm of ash, and much of the 
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Patagonian meseta in Argentina received 5-10 cm ashfall. Puerto San Julian, on the Atlantic 


coast of Argentina, received approximately 5 cm ash. 


 


The narrowness of the SE plume was largely due to high altitude wind velocities, estimated 


by Scasso et al. (1994) to be up to 240 km/h. On 16 August, shortly after tephra fall ceased, 


strong lower level winds began to blow and these lasted for about a week. The winds 


reworked large quantities of tephra in the medial and distal areas (Scasso et al., 1994), and 


in the upper troposphere-lower stratosphere, and resulted in secondary areas of increased 


thickness in medial-distal areas (Figure 5). 


 


 
 
Figure 5 Isopach map (ash depth in cm) for tephras erupted between 12-15 August.  Note this 
should only be used as a guide, with many of the ash depth thicknesses recorded after some 
redistribution by wind.  (From Scasso, 1994). 


 


The variability of the ashfall thickness was in part caused by surface morphological features, 


such as valleys widening or deposition in the lee of N-S striking mountain ridges (Bitschene 


et al., 1993). Rain immediately after the eruption may also have helped to wash some of the 


ash into hollows. The elongated distribution of the deposit, together with the relatively coarse 


mean and median values of the particle sizes at a considerable distance from the vent, is 


thought to be the result of strong winds blowing to the southeast during the eruption.  


 


The fallout deposit was well-stratified, with alternating fine-grained and coarse-grained 


layers, which is probably a result of strong eruptive pulses followed by relatively calm periods 
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and/or changes in the eruptive style from plinian to phreatoplinian (Scasso et al. 1994). The 


tephra is mostly composed of juvenile material; the coarse mode (mostly pumice) shifts to 


finer sizes with distance from the volcano; the fine mode (mostly glass shards) is always 


about 5/6 phi. Glass shards and pumice (vesicularity 55-75%) are mostly light gray to 


colourless (Figure 6), with higher crystal contents than the earlier phase (Bitschene et al., 


1993). Some dark, less vesiculated blocky shards support a continued hydromagmatic 


component to the eruption in this second phase.  


 


Scarce xenoliths of granite (from the basement) indicate the greater explosivity of this phase 


of the eruption. One pumice clast also contained anhydrite, confirming the presence of SO2 in 


the magma, although the amount in the magma is considered to be small (c. 0.1% by weight) 


(Bitschene and Fernandez 1995). The total amount of SO2 emitted into the atmosphere by 


the eruption was estimated by Doiron et al. (1992) to be 1750 kt. 


 


 
Figure 6  Predominantly dacitic lapilli from the 12-15 August eruption of Hudson Volcano. From 
Naranjo et al. (1993).  


 


Inbar et al. (1993) undertook a study of the tephra and concluded that although the fine ash 


was abrasive, toxic trace elements like F, Cd, As and Pb were well below toxic threshold 


concentrations for humans and animals.  


 


Near to source there are now three main units visible (Figure 7), while further away at Los 


Antiguos, Scasso et al (1994) recognised nine layers, the lower five of which are considered 


to be related to the main eruption (Figure 8). These show a rhythmic banding of fine ash and 


light grey coarse pumice. Scasso et al. (1994) considered the three coarser-grained units to 


relate to the main explosions on 13 August and during the early hours of 14 and 15 August.  


 


By 1993, no primary ash layers remained east of a line from Perito Moreno (Figure 4) to Baja 


Caracoles due to the strong winds (Bitschene et al., 1993). Even now in spring time and in 


dry conditions ash is caught up by wind, and much is being blown into the Atlantic Ocean. In 


some areas such as Puerto Ingeniero Ibáñez, ash deposits are forming dunes. 
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Figure 7 Hudson 1991 tephra at location on Highway 7 between Cerro Castillo and Puerto Murta 
(GPS009). Total thickness 58 cm. 
 
 
 


 
 


 
 
Figure 8  Stratigraphic sections of the tephra fall deposit of the 12-15 August eruption of Mt Hudson 
in the medial part of the ash column. See Figure 5 for locations of the sections. 
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2.0 IMPACTS TO &  RECOVERY OF AGRICULTURE 


 


2.1 Introduction 


Climate, access to water and topography control distribution of agricultural practices in the 


study area. Livestock farming predominates throughout the region, but there are pockets of 


horticulture in warm, well irrigated areas. Livestock farming is usually for meat and wool 


production, with no commercial dairy farming observed or reported by interviewees.   


 


A broad range of farm types were impacted by ashfall from the 1991 eruption, ranging from 


small livestock and lumber farms to large ranches of over 20,000 ha. We visited a range of 


farming regions in the depositional area of the 1991 eruption spanning the entire length of 


the depositional plume, from the upper Río Ibáñez valley in Chile, close to Hudson Volcano, 


which received over a metre of ashfall, to the Atlantic coast of Santa Cruz province, 


Argentina (Figure 5).  We did not visit the central Argentine meseta due to the large 


distances involved and the highly extensive nature of the farming.  Our field methods 


included face-to-face interviews with farmers and other individuals who had experienced the 


1991 eruption, and local officials. These were completed between 20 January and 8 


February 2008. Note some interviewees did not want their name recorded so they are 


referred to as Farmer 3 for example.  Field mapping of ashfall deposits was also carried out, 


and soil and water samples were collected for analysis. Following general comments on 


impacts and recovery, this section contains analysis of our findings on a region-by-region 


basis.  Each region or Study Area has been assigned from geographic location, depth of 


ashfall and similar agricultural recovery experiences.  Study Areas have been defined for this 


study as (Figure ##):  


 


 Interior/Río Ibáñez valley (Study Area 1) 


 


 Puerto Ingeniero Ibáñez and surroundings (Study Area 2) 


 


 Chile Chico, Los Antiguos and Perito Moreno (Study Area 3) 


 


 The Santa Cruz coastal zone (Study Area 4) 


 


 


2.2 General Impacts 


In general, there was a strong relationship between the severity of impacts to agriculture 


reported by farmers (and observed by the team) and the depth of ashfall they received.  A 


feature of the 1991 Hudson eruption has been the continuing remobilisation of ash, 


particularly fine grained ash. This led to some areas experiencing secondary impacts for a 


considerable time after the eruption, which in some cases continue today such as at Tres 


Cerros.  For a period of ~4 months after the eruption wind-blown ash was commonly reported 


by interviewees in all Study Areas as being extremely bad.  This continued through summer 


and into autumn, but was suppressed and began to be stabilised by higher precipitation in 
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winter and recovering vegetation (Luis Fernando Sandoval Figueroa, ). 


 


 
2.2.1 Livestock Farming 


It was apparent from our interviews with farmers and officials, and from various authors (e.g. 


Inbar et al., 1995) that impacts on livestock herds were severe on a very widespread scale, 


with losses of over 50% reported even in distal areas. Specific impacts included: 


 Loss of feed due to contamination and burial under ash 


 Consumption of ash-contaminated feed causing dietary tract complications, leading to 


diarrhoea, loss of appetite and often death. 


 A higher rate of abortion of calves and lambs 


 Conjunctivitis and other forms of eye irritation 


 Front teeth were ground down, inhibiting grazing (a particular problem in areas with 


fine grained ash deposits) 


 Ash accumulation in sheep‟s fleeces caused weakened/stressed sheep to collapse 


from exhaustion (contributed to an increased vulnerability of sheep) 


 General ill-health for months to years following the ashfall. 


 


These comments are reinforced by Rubin et al. (1994) who evaluated animal health in the 


region as part of a study assessing the fluorosis hazard from the 1991 eruption. These 


authors reported that the dead and critically ill sheep were located in areas where the ash 


covered much of the vegetation, and that most of the animals were dehydrated and thin.  


 


 
 
Figure 9  Dead ewe covered in ash and trapped in wet ash with lamb 


 


Most farmers interviewed reported that livestock were particularly vulnerable at the time of 


the eruption. The winter of 1991 was particularly severe in the Hudson area, with very cold 


temperatures and deep snowfalls in mountains areas (Study Areas 1 & 2).  Livestock were in 


poor condition as a result, with farmers awaiting spring growth to enable livestock to put on 
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better condition. Most of the sheep also had relatively long fleeces, to keep them warm 


through the winter.  


 


A comprehensive study of the impacts from the eruption to Chilean agriculture completed by 


Valdivia (1993) found that: 


 Approximately 10% of cows in the depositional area of Chile died 


 Approximately 30% of sheep in the depositional area of Chile died 


 The cost was estimated at some 40 million peso (1991 value).  


 


Most of the livestock observed by the Regional Chief of INDAP during livestock evacuation 


operations in the Rio Inanez valley and Puerto Ibanez died due to complications related to 


ash ingestion.  He said hungry sheep and cows were driven to eating ash covered feed.  Ash 


accumulated in their stomachs forming a “brick” which halted processing of vegetable matter 


Don Julio Cerda Cordero, a SAG Vet, said this caused swelling leading to animals essentially 


dying from asphyxiation. 


 


Anecdotal reports indicated sheep grouped/herded together instinctively, rather than 


migrating out of the impacted areas.  Flocks of dead sheep were found by farmers and 


agricultural experts returning to the impacted area.  In comparison, cows reportedly scattered 


and migrated out of the impacted areas, leading to higher survival rates (Sn. Moreno Opazo).  


Cows were reportedly preferentially evacuated by farmers due to their higher value. 


 


The high number of abortions from stressed animals was a further financial impact on 


livestock farmers, reducing future expected income.  However, with the limited feed 


availability and ashy environment the survival of lambs and calves would have been 


questionable. 


 


 
2.2.2 Horticulture 


Horticultural farmers (particularly cherry orchardists in Los Antiguos) reported losing typically 


between one and three harvests following the ashfall and from continued remobilisation of 


ash by winds.  The abrasive ash damaged delicate cherry flowers and there were some 


reports of acid damage to leaves.  Many farmers acknowledged the damage to their fruit 


trees would have been much more severe if the ashfall occurred during flowering, fruit set or 


harvest. 


 


Valdivia (1993) noted that coarse ash was less amenable to soil development.  Fine ash 


deposits typically meant a thinner ashfall too, which probably contributed to more successful 


cultivation and soil fertility recovery.  Valdivia (1993) interviewed horticultural farmers 


impacted by ashfalls from the 1971 and 1991 Hudson eruptions.  Those who worked the ash 


into the soil regularly for 2-3 years and would typically notice greater soil fertility and yields.  


Valdivia (1993) reported that this was successful for ash deposits between 20-200 mm.  Ash 


deposits <20 mm generally integrated with the soil successfully without mechanical mixing, 


whilst deposits >200 mm were difficult to cultivate into the soil due to their thickness.  


Typically farms that received ash deposits greater than 500 mm had to be abandoned. 
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The grainsize of ash appeared to a significant variable controlling soil productivity post-


ashfall.  Fine ash was dominant in Study Area 3 (where many farmers cultivated ash into 


their soil) as being more easily worked into the soil than in areas closer to the volcano (i.e. 


Study Area 1).  When mixed with existing soil, fine ash was reported as maintaining water 


holding capacity more successfully than coarse ash.   


 


 
2.2.3 Agricultural Recovery 


There was a significant decapitalisation of livestock farms following the eruption. There were 


heavy losses to livestock herds; surviving animals were sold for significantly reduced prices, 


and soil fertility dropped dramatically greatly reducing farm productivity and equity. Many 


horticultural farmers lost production income from several lost harvests, and suffered damage 


to their orchards and soils. However after a time their trees generally recovered well, so 


financially they are more successful in 2008 than pastoral farmers. 


 


As there has been a full rotation of animals since 1991 (now 17 years after the eruption) 


there are no effects seen to the animals now.  Don Julio Cerda Cordero, SAG Vet () reported 


there were no noticeable effects to Chilean livestock after ~5 years.  Animals had all either 


recovered or died.   


 


All farmers interviewed described significant levels of personal and financial stress as a 


direct result of the eruption. Many impacted areas suffered economic hardship and 


population decline following the eruption.  


 


Factors important in assisting the recovery of communities and individual farmers can be 


identified as: access to water supplies, use of rehabilitation techniques, community spirit, 


people‟s strong sense of attachment to the land, and government assistance. 


 


 


 


2.3 Study Area 1: Interior/ Upper Río Ibáñez Valley 


2.3.1 Overview of Area 


The area most severely impacted by heavy ash fall is located in a very isolated and sparsely 


populated area referred to as „the interior‟ (Figure ##).  Impact areas visited were between 


10-60 km from Vulcan Hudson.  Significant variation in ash fall thicknesses were observed, 


with a maximum thicknesses of nearly 1,800 mm observed in the centre of the plume axis, 


~30 km from Vulcan Hudson.  However, typically all farms visited in this area received ash 


falls >500 mm and many received >1000 mm, making this an excellent study area for 


observing how agricultural areas can recover from heavy ash fall.   


 


Many impacted farms were within the catchment of the Rio Ibanez.  Population density in the 


interior was very low at the time of the eruption, although slightly higher than in 2008 due to 


farm abondonments (Don Julio Cerda Cordero, SAG Vet).  Pastoral farming was mainly of 


cows, sheep, horses and goats.   Few farmers grew crops although some alfalfa hay was 


grown for supplementary feed supplies (Don Julio Cerda Cordero).  At the time of the 
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eruption (August - winter) there would usually only be 1 or 2 people on each farm in this area 


as it was customary for the rest of the family to be in town, with the children attending school.  


In the summer the whole family would return to the farm.  This fortuitously meant there were 


a relatively low number of people within the heavily damaged area at the time of the eruption.  


In the early 1990‟s access to the area was very poor, with the main access road just a 1 lane 


4WD track.  Horses were commonly used for transport.  There has recently been a modern 


highway built through the area, greatly increasing accessibility. 


 


Ash from the eruption totally smothered feed, damaged buildings and created a hazardous 


health environment.   Strong winds remobilized ash and made farming impossible.  Many of 


the farms were still abandoned in 2008 (discussed below). 


 


In 2008 visited farms were generally small (>250 ha) and ran livestock: predominantly sheep, 


although some with cattle and horses (Figure 10). Many farmers also cut lumber or firewood.  


Agriculture generally occurred on valley floors and river terraces that had been cleared of the 


surrounding beech (Nothofagus sp.) forest, although livestock commonly grazed within the 


forests.   


 


The population is made up almost entirely of farmers and their families.  There are no towns 


within this area beyond Cerro Castillio.  Most farming families again do not stay here during 


the winter due to the high winds, cold temperatures and sometimes heavy snow; preferring 


instead to spend this time in towns or less climatically severe areas. However farmers will 


typically return several times during the winter to check on livestock and homesteads.   


 


 


 
2.3.2 Response to the 1991 Eruption 


All interviewees who lived in the valley at the time of the eruption recalled strong earthquakes 


and very loud explosions preceded the eruption, which some said caused significant anxiety.  


Some interviewees reported the eruption began with a large sheet of flame in the air and 


then ash began falling almost immediately after, coupled with a strong sulphur smell in the air 


(Rosa Chacan).  Farmers in the area were not warned of the eruption (Angel Dias).   


 


All interviewed farmers reported it went dark for 2-3 days during the ash fall, often with 


intense thunder and lightning.  Most farmers recalled experiencing high levels of fear and 


uncertainty, especially when animals and pastures were severely affected (Angel Dias).  


Many farmers recalled it was also snowing at the time, greatly compounding the impact. 


 


Interviewed farmers reported 300 - 1500 mm of ash fell during the 3 day eruption.  In the 


centre of the plume ash-particle sizes were very large, with pumice clasts of up to 50-100 


mm length reported almost 40 km from the volcano (GPS 009).  Carlos Orrietas evacuated 


from his farm 15 km from the volcano and reported pumice clasts falling up to 200 mm in 


diameter.  Immediate impacts included the following:  


 The limited available feed was rapidly covered in ash, preventing livestock from 


eating or forcing them to eat ash-contaminated feed;  


 Livestock that ate contaminated feed ingested significant amounts of ash causing 
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gastro-intestinal blockages (this was the major form of mortality for livestock);  


 Surface water supplies were contaminated by ashfall, although there were few 


reports of contaminated water or water shortages being a significant problem for 


humans or animals (possibly due to many supplies being spring-fed);  


 Some farmers attempted to clear ash from their roofs to prevent them collapsing, but 


most farmers evacuated as the ashfall continued over several days;  


 Access to outside areas was severely inhibited as the road was covered in thick 


ashfall deposits and also with snowfall. Several people described the layers of ash 


and snow in this region as being „like a layer cake‟.  


 


The heavy ashfall and snow required daily cleaning of homestead roofs to prevent collapse, 


particularly in areas that received greater than 800 mm (Table ##).  Several farmers reported 


large lapilli pumices breaking glass windows, in one case ~50 kilometres from the volcano.   


 


Table 1 - Roof collapse information 


Farmer I.D. 


Reported Ashfall 


Depth (mm) Details 


Farmer 3 1500 Roof collapsed on wooden construction homestead 


 


Farmer 5 1000-1200 Regular cleaning required to prevent collapse on 


wooden construction homestead 


 


Farmer 26 800-1000 Wooden construction homestead & farm buildings 


roofs collapsed under weight of ash and snow 


which fell concurrently - as they had evacuated and 


were unable to clear it 


 


Farmer 6 500-600 No roof collapse on wooden construction 


homestead - although fears that it might  


 


 


Several farmers recalled severe problems when strong winds remobilized fine ash.  One 


farmer described huge clouds of ash forming in the valley during wind storms, forcing some 


farmers to evacuate.  Several interviewed farmers who had experienced heavy ashfall 


(>1000 mm) at the top of the valley said by 1994-95 ash deposits had largely stabilized and 


there were few problems with remobilized ash.  They recalled the wind had significantly 


eroded ash deposits, particularly fine ash.  Small ridges were eroded of ash by the wind, 


whilst depressions filled with thick deposits.  One farmer, ~50-60 km from the volcano, said 


the wind erosion had been extremely useful as it had eroded much of the initial ash deposits 


(1000-1500 mm) to more manageable thicknesses.  Another farmer 15 km down the valley 


(Hernan Iraira – 1000-1200 mm) however said it was ten years before the ash compacted 


sufficiently so that wind erosion was no longer a problem. 


 


There were also reports of homestead interiors rapidly becoming contaminated with fine ash, 


both from ash penetrating small cracks and from people bringing it in from outside.  By 1995 


this was reported to have ceased, according to the farmer because all the fine ash had been 
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eroded by the wind. 


 


Ash dust storms were a continuing problem in the lower valley around Cerro Castillio where 


fine ash is still remobilised by strong winds. 


 


 
2.3.3 Human Evacuation and Farm Abandonment 


Most farms in this area were evacuated either during or immediately after the ashfall.  The 


factors that led to most farmers deciding to evacuate were: 


 homestead roofs collapsed or fears it may collapse 


 health impacts from the ash – including severe problems with the wind remobilizing 


ash deposits in the weeks after the eruption 


 pastures were completely covered with ash and there was no remaining feed for 


livestock 


 


Most abandoned farms had received over 500 mm of ashfall, although some farms which 


received 200-300 mm of ashfall required temporary evacuation following coverage of pasture 


or severe problems with windblown remobilized ash. 


 


As soon as the volcano began erupting, the Civil Defence officer (from Coihaique) reported 


that farmers began to self-evacuate.  Farmers interviewed as part of this study said they 


were very reluctant to leave, citing strong emotional and financial attachment to the land and 


livestock.  Some said they believed the eruption would stop after several hours, but when it 


continued for several days it became clear it was too dangerous to stay and evacuation was 


necessary.  Others were strongly advised by government agency officers to evacuate. 


 


Most people returned to the area as soon as possible, although there were some reports of 


farmers in the interior abandoning their farms, too scared to return again.  


 


Individual accounts: 


Angel Dias (GPS 009) was forced to evacuate his farm with his family 15 days 


after the eruption began.  Despite his homestead‟s roof collapsing under the 


weight of 1,500mm ashfall, Mr. Dias said it was the severe problems with wind 


remobilizing ash in the days and weeks following the eruption which forced them 


to evacuate.  He returned regularly, but was forced to remain off his farm due to 


pastures and other livestock feed being covered by the heavy ash deposits.  In 


between times he worked in many different places to survive.  He was able to 


return permanently in 2006 when enough new growth of grasses and small 


shrubs allowed livestock farming to resume, albeit at significantly reduced 


productivity levels.   


 


Hernan Iraira‟s 220 ha farm received 1000-1200 mm of ash fall over 3 days.   He 


was forced to abandon the farm as feed was covered and it was unsafe in the 


ashy environment.  He subsequently moved to Coihaique to work and farm, but 


returned to his farm in 2006.  He stressed the strong emotional attachment he 


has to his land here and believes it is similar for many other farmers. 
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Carlos Orrietas and family abandoned their farm, located 15 km from volcano, 


during the first day of the 12 August eruption  as 800-1000 mm of ash fell on their 


farm.  They self-evacuated to Cerro Castillo, but recalled some of their 


neighbours waited until the last minute, requiring government officials to force 


them to evacuate.  During the ashfall they tried to evacuate as many livestock as 


possible, but it was extremely difficult, with the sheep all dying within 4-5 days 


from starvation and ash ingestion.  The cows and horses died on the evacuation 


out of Cerro Castillo in the following weeks from similar effects.  Following several 


years living in the USA and Chile Chico the family recently returned to farm in 


Cerro Castillio (GPS 072).  They maintained ownership of their farm throughout 


the abandonment, viewing the offer of purchase from the government as 


significantly too low (insulting).   


 


An elderly farmer (Farmer 4) farmed here through both the 1971 and 1991 


eruptions, never evacuating.  He remembers between 1000-1500 mm of ash fall 


which almost totally buried his house and he had to dig it out.  The house has a 


very steep roof (~35°), which apparently shed a lot of the ash and therefore did 


not collapse.  He was very upset that when a government grader cleared the road 


some time following the eruption they did not come up to the farm (100m from the 


road) to assist him. 


 


Rosa Chacan‟s farm was impacted by ~500-600mm of ashfall.  Initially her 


husband left with the sheep and cows he was able to muster, but she evacuated 


with her children several hours later.  The family evacuated to Coihaique for 15 


months, returning at the end of 1992.  She recalls when they returned there were 


no birds or grass anywhere.  The government provided them with an 1 room, 1 


bathroom emergency house in Cerro Castillio, in which they lived for 3 years.   


 


Farmer 2 had to abandon his original farm in 1991, located closer to the volcano 


up the Rio Ibanez valley, following very severe ashfall hazards.  He indicated 


over 2000 mm of ashfall had been deposited, rendering the farm largely useless 


and noting that there was severe ecological impacts.  In 1994 he returned to the 


area, but relocated to an area less severely impacted (1000 mm ash deposits).   


 


Several interviewees said many people, particularly older farmers, evacuated to Coihaique 


for the winter and then just decided to stay there, unable to justify the large financial and time 


commitment to start over again (Rosa Chacan).  Other farmers, as noted above, have 


chosen to return to the area.  There has apparently been no problem with land theft following 


farm abandonment (Angel Dias). 


 


 
2.3.4 Impacts and Recovery of Agriculture 


All farmers reported there had clearly been a significant drop in soil fertility after ash fall 


compared with the previous soil, and farming was significantly less intensive than before the 


eruption.   
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Recovery in this severely affected area has been very slow. A University of Canterbury team 


visited the area in 1993, and reported that most of the farms were still abandoned, there 


were no signs of farming operations, and there had been little revegetation of the ash 


deposits (Figure ## & ##).  


 


Many of the worst-affected areas, which received over a metre of ashfall, have only been 


resettled in the past two to four years (i.e. 13-15 years after the event) - if at all.  Several of 


the farmers we spoke to had attempted to return to their land after the eruption, but the main 


factor preventing them from making a livelihood was the lack of growth to feed livestock.  


 


One interviewee who had travelled through the area in 1992 said it had been extremely 


dusty, very grey, and all low vegetation was dead.  Even in 2001 there had not been the 


growth of low shrubs and the return of grasses in some areas, as there is now.  


 


Table 2: Summary of farm abandonment, return, and resumption of livestock farming for farms 
visited in the “Interior” 


Farm 1 2 3 4 5 6 26 


Ash Depth (mm) 200 1 000 1 500 1 500 1 200 500 1 000 


Abandonment (yr) 1991 1991 1991 Never left 1991 1991 1991 


Return to Farm (yr) 1994 2003 2006  2002 1995  


Livestock (yr) 1995 2003 2006 none 2002 1995?  


Cows (yr) 2000     2000  


 


 
2.3.4.1 Pastures 


Pastures were severely impacted by the eruption.  All farmers reported grass being totally 


smothered at the time of the eruption, which effectively ended livestock farming in affected 


areas.  Several farmers said vegetation was burnt off by the acidic ash (leaves and roots 


were most affected) during and immediately following the eruption. 


 


Given that much of this area had been abandoned, a key objective of this area was to 


investigate the recovery of pasture in areas of heavy ash fall.  Following interviews with 


farmers who had returned to the areas that had received a range of ash fall thicknesses, key 


events indicated the stage of recovery, such as returning to the land, return of livestock 


farming activities and return of cattle farming.  This information is summarised in Figure ## 


from interviews with farmers.   


 


Most farmers agreed that recovery of pastoral farming is entirely defined by the ability to 


grow grass.  Water and feed are largely a response issue, but the ability to grow grass is the 


key factor from which all others follow.   


 


 
Recovery from >2000 mm 


No farmers were observed in areas that had received over 2000 mm of ashfall.  The top soil 
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is mostly made up of lapilli sized particles, there is very little organic matter, with some lichen 


cover and scattered clover in places (GPS 007).  Some small breech tree saplings (typically 


<1m high, but some are 2-3 m high) grow in the ash deposit (GPS 008).  The area at GPS 


008 is flat and is absent of beech trees, indicating this is former farm land.   


 


At GPS 016 a flat clover paddock on a river terrace was observed with cows being run within 


it.  The paddock exhibited ~90% white clover coverage, although was not densely covered.  


The soil was largely made up of coarse ash and fine lapilli.  Areas with no clover cover had 


no lapilli component and are extremely hard and dry. 


 


 
Recovery from >1500 mm 


Grass has only recently begun to grow again on Farm 3, which received ~1500 mm of ash 


fall.  The pasture is in the early stages of development, being very sparse and not 


established enough to sustain livestock (Angel Dias).  He said the clover is very good for 


rehabilitating the soil, as it “sucks out the sulphur and fixes nitrogen” (Angel Dias).  He 


reported he has tried spreading a variety of grasses on the ash/soil layer, but clover 


consistently grows the most successful.  White clover is apparently the most successful, but 


red clover generally provides the best food (Angel Dias).  The varieties of grass he tried 


include: 


 Betuca 


 Pastomiel 


 Pasto duillo (could be Ouillo) 


 Trebol-rosado (red clover) 


 Trebol-blanco (white clover) 


 


Angel Dias also reported spreading hay on the ground has been a good strategy, as it 


increases organic content and binds the ash together to form a more cohesive soil, 


promoting much better clover to grow.  He said mixing the hay and ash-soil mechanically 


would be optimal, but this is too expensive. 


 


 
Recovery from 1000-1500 mm 


Grass took ~12 years (2003) to reestablish on Farm 2 following an initial ashfall of ~1000 


mm.  Very limited livestock farming is now possible. Grass has been observed beginning to 


re-establish on Carlos Orrietas‟ farm, which received 800-1000 mm of ashfall although there 


is not enough to resume farming.  Farmer 28 reported that following over 1000 mm of ashfall 


grass seed (pasto ovillio) was scattered following the eruption and on several occasions 


since, but it has taken many years for pasture to re-establish.  It was only in 2001 that grass 


was in sufficient quantity it could sustain livestock being reintroduced back to the farm (there 


was no fertilisation). 


 


On Farm 4 (1000-1500 mm) grass has only just recently grown back.  The farmer has not 


bothered planting/sowing seeds, citing there no soil.  Only lapilli were observable on the 


ground surface.  Some sparse white clover was observed growing in scattered patches, 


amounting to ~30-40% sparse cover over 2 acres.   
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Hernan Iraira (Farm 5) said grasses have only just come back within the last 12-18 months, 


following ash fall of 1000-1200 mm in 1991.  He said rainfall was not a significant assistance, 


but the strong wind storms have eroded much of the ash from here, re-depositing it further 


down the valley.  White clover began to grow first within the ash deposit and has done well, 


and is now the main component of pastures.  Hernan Iraira believes the high sulphur allows it 


to thrive.  He said fertiliser application has been ineffective as the coarse grain size of the 


deposit, and corresponding poor water holding capacity, means it just flushes through the 


ashy deposit. 


 


 
Recovery from >200 mm 


Ruben Vasquez moved into the interior in 1994 (GPS 005; Figure ##).  He remembered 


there was still some unconsolidated ash being blown around by wind.  He recalled there was 


~150-200 mm ash deposit, which had largely been stabilized by regenerating vegetation.  


This thickness is likely to be less thick than initially deposited, following erosion and 


consolidation.  He said a very hard cap had formed on the surface of the ash deposit, which 


water could not penetrate, and continued to harden for several further years.  Grass seed 


was sown in 1994 and by 1995-96 there was a reasonably good coverage of grass.  By 2000 


pastures had recovered sufficiently he was able to reintroduce cows onto the land.   


 


Farmer 27 reported after 3-4 months of rainfall the 400 mm ash deposit had been largely 


dispersed and vegetation began to grow again after that time.  After ~12 months pastures 


had begun to re-establish quite effectively and with the ash having some fertilising effect.  


The grass grew through ash from soil below, especially from humid areas where ash had 


been washed away. 


 


Rosa Chacan and her family returned to their farm in 1995, when a small amount of grass 


began to grow in the ashy soil.  Initially their farm received 500-600 mm, although she noted 


that the ash deposits were significantly eroded by the wind over the 4 years they were away 


from the farm, to a fraction of their original thickness.  She believed the soil has increased in 


fertility since, noting fruit trees have performed well giving with good yields.  Greenhouse 


horticulture has also been productive, built to provide shelter from the prevailing winds and 


remobilized ash.  However, pasture land has been less productive.  Clover and other grasses 


slowly grew up through the ash deposit.  By 2000 there was apparently good cover of 


grassland (Rosa Chacan).   


 


At Farm 28 (GPS 075) the farmer reported it took 2 years for grass to recover to useable 


levels, aided by spreading grass seed about, following 200-300 mm of ashfall.   


 


 
2.3.4.2 Animals 


The impact on the livestock population in the region were severe.  One farmer said in areas 


with over >1000 mm of ash fall, most livestock had simply died within 2-3 days due to 


ingestion of large volumes of ash.  Farmers said livestock found it extremely difficult to find 


clean food and water supplies, resulting in significant loss of condition/weight which 
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potentially lead to death.  Livestock also suffered respiratory and eye problems with some 


being blinded, especially by windblown remobilized ash.   


 


Individual impacts reported by interviewed farmers included: 


 


Angel Dias had sufficient supplementary feed (hay) and clean water supplies (spring fed 


stream) to maintain his herd of 33 cows in good condition through the initial ash fall.  


However in the ensuing weeks with pastures and shrubs covered in thick ash deposits and 


windstorms creating severe problems with remobilized ash, he decided livestock farming was 


totally unsustainable after the eruption. 


 


One farmer (1500 mm of ash on farm) said of his herd of 24 cows, 9 died.  He sold the 


remaining 15 cows for P40,000 ea, whereas before the eruption they would have been worth 


P100,000 ea – due to the market being flooded and weight loss of the animals.  Another 


farmer who was able to maintain his livestock is reasonable condition was able to sell them 


for 70,000P per head. 


 


Sheep were reportedly more vulnerable to impacts from the ashfall than cattle.  Farmers 


commonly recounted higher death rates for sheep than cattle, with famers often citing sheep 


being weighed down by ash accumulating in their fleeces.  Other factors that may have 


contributed to the higher mortality rates include preferential evacuation of cattle due to their 


higher value; sheep may have ingested more ash due to grazing lower to the ground and not 


being able to eat elevated vegetation that had shed more ash.  Several interviewed farmers 


reported even when sheep were evacuated, most were in a very weakened state and 


commonly aborted their lambs or even subsequently died. 


 


Few direct effects occur to animals in 2008.  There is simply a significantly reduced stocking 


rate in the area, due to reduced soil fertility.  Farm 25 illustrated the reduced stocking rate 


now apparent in the area, with only 60 livestock on 100 ha farm.  Farmers in areas with 


>1000 mm ash deposits typically ran cattle, with one describing they mainly graze on trees, 


scrubs and any available grass/clover.  One farmer still has no livestock on his farm, 


although he never left the area following the eruption and survives on lumber and firewood 


production. 


 


 
2.3.5 Farm Structures 


The extremely thick ash fall in this area meant farm fences and stock-yards were covered by 


ash (Figure ##, Figure ##, Figure ##).  These structures simply had to be replaced. 


 


Rosa Chacan said the eruption has led them to greatly increase their resilience to volcanic 


ash fall hazards.  They now have a water tank fed by spring water, due to fears of chemical 


contamination to their well.  They also rebuilt the house with more rooms, but deliberately 


used concrete to give it greater strength.  The shingle roof has also been replaced by a 


corrugated iron roof. 
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2.3.6 Agricultural Adjustment  


Most farmers said there had not been any significant changes to livestock farming practices, 


but there are typically much lower stocking rates, and livestock rely less on pasture and more 


on low trees and shrubs.   


 


Some farmers said they have given up on livestock farming, and now focus on lumber and 


fire wood extraction.  Some farms we observed had been planted in production pine forestry 


in areas with ~1200 mm of ash deposit, which is apparently the most successful tree that 


grows in the climate and ash deposit.  Livestock farmers we spoke to were not in favour of 


converting to forestry however, due to the much longer return on investment (~30 years).   


 


Other farmers have diversified their economic activities.  The poor economic performance of 


Rosa Chacan‟s farm following 500-600 mm led to opening a camping ground and vegetable 


greenhouse to supplement income. 


 


 


 


2.4 Study Area 2: Puerto Ingeniero Ibáñez and surroundings 


 
2.4.1 Overview of Area 


This area is approximately 90 km from Hudson Volcano, and is located at the point where the 


Río Ibáñez enters Lago General Carrera (Figure ##).   The town of Puerto Ibanez services 


surrounding farms and has the port for a ferry service with Chile Chico.    


 


Agriculture occurs mainly on river terraces on the north side of the Río Ibáñez. Farming is 


mainly pastoral in outer areas, with more intensive pastoral and horticultural farming 


occurring close (within 1-2 km) to the town.  


 


The area reportedly received between 20-50 mm of ash fall from the 1991 eruption (Naranjo 


et al., 1993).  Located outside the main axis of the ash plume, the area still suffered 


significant disruption and on-going problems due to the ash fall. These initial problems have 


been exacerbated by severe ash-storms, resulting from strong winds remobilising ash in the 


lower Rio Ibanez valley.  The winds continually deposit ash on farmland (creating dunes to 


the east of the town), abrading vegetation and causing health hazards for humans and 


animals.  Severe sedimentation in the Rio Ibanez has led to localised flooding of many 


hectares of agricultural land to the south of the town.   


 


 
2.4.2 Response to the 1991 Eruption 


2.4.2.1 Warning & experiences 


Interviewees present in Puerto Ibanez during the 1991 eruption recalled loud “cannon shots” 


or explosions, lightening and a strong sulfurous smell preceding and during the ash fall.  


Most interviewees said it was a terrifying experience, first hearing the explosions from the 
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volcano, and then heavy ash falls when sunlight was blocked and it was “like night”.  Snr. 


Uylsies Pededa recalled there were “three days of night”.  The uncertainty of how long the 


eruption and its effects would continue was also mentioned by several interviewees.  One 


older interviewee (Mrs. Blanca Mawreria Garcia) had experienced the 1971 eruption and said 


she felt much more comfortable having had experienced it before and felt she knew what 


was occurring.   She remembered there was no official warning, but the long established 


community had a good memory of the 1971 eruption and knew how to interrupt the natural 


warning signs.  She felt most people knew it was a volcanic eruption and were just 


concerned when it would stop. No interviewees recalled an official warning of the eruption.    


 


 
2.4.2.2 Ashfall! 


There was significant variation in how much ashfall people remember they received.  Naranjo 


et al. (1993) reported the area received between 20-50 mm of ashfall, although this was 


collected 4-6 weeks after the ash fall.  During interviews most people said ash depths were 


between 100-200 mm and in one case up to 300 mm.  Some described small “stones” (lapilli 


pumices) falling from the sky (Farmer 10)1. 


 


The landscape following the eruption was commonly described as being very „grey‟ or 


looking like a desert until October/November 1991 (e.g. Farmer 10).  Oscar Albornoz  arrived 


in Puerto Ibanez. in 1992 as a junior official of the municipality and remembers “ash still 


being everywhere”.   


 


Many trees reportedly died due to the weight of ash and the acidic burns to the trees; 


however by 2008 there was no evidence of dead trees in or around the town.  There was no 


electricity supply or telephone network to the town in 1991 but the radiotelephone network 


was disrupted in the area. 


 


Windows were reported breaking from earthquakes in Cerro Castillo (Alvino Seas Jara). 


 


 
2.4.2.3 Clean-up 


Many interviewees in Puerto Ibanez and surrounds remember clearing their roofs, fearful 


they may collapse.  However, we discovered no actual instances of roofs collapsing.  Most 


interviewees said they used shovels to remove ash from their roofs, as ash was like cement 


and very heavy when it became wet following rain and snow.  One farmer recalled clearing a 


mound ~3 m high of ash from off their roof. 


 


A mechanical digger was used to clean up ash from the town (such as from the roads and 


                                                 
1
 The large discrepancy between measured (published isopachs) and recalled ashfall depths may be 


due to isopach information being collected several weeks to even months after the eruption.  In which 
time the ash deposit will have consolidated and experienced some erosion by the strong winds 
reported after the eruption.  Several interviewees reported snowfall occurring before and during the 
ashfall, resulting in a „layer cake‟ of ash and snow.  The ash also reportedly acted as a thermal cap, 
preserving the snow (Farmer 9).  This may have lead people to mistake the snow and ash deposits as 
just ashfall deposits.   







 


28 
 


piles cleaned off roofs).  The ash was disposed of outside of the town (Seamstress). 


 


During the ashfall and during subsequent windstorm events, fine ash would penetrate small 


cracks in houses, requiring constant cleaning and creating a large burden (Seamstress). 


 


 
2.4.2.4 Human Evacuation  


There were no reports of a large-scale human evacuation from the area, although it 


appeared some families did evacuation to Coihaique.  One elderly interviewee (reference 


her) said during the eruption she was extremely frightened and strongly considering joining 


the evacuation to Coihaique with her family.  But after the intensity of ash fall reduced, she 


decided against using the thick-ash covered roads, especially as she had small children with 


her.  She recalled it was extremely difficult to move on the roads in the 2-3 days afterwards, 


as the ash made traction and identification of where the road actually was highly difficult. 


 


 
2.4.3 Impacts and Recovery of Agriculture 


2.4.3.1 Pastures 


The primary agricultural impact remember by all farmers interviewed in this area was pasture 


being totally smothered (note farmers recalled between 100-300 mm of ashfall – Table ##).  


Ash simply smothered the grass, covering feed so that livestock could not graze.  One farmer 


(##) recalled the acidic leachate from the ash “burnt” the root of the grass, reducing pasture 


growth in the short term. 


 


Soil fertility was reported by most farmers to have reduced greatly following the eruption, 


resulting in reduced pasture growth and thus a lower carrying capacity for livestock.  Link this 


to soil fertility results.  Farmer 9 (recalled 150 mm of ashfall) believes the ashfall has 


significantly reduced the fertility of his soils, with only 1.5 ha of his 8 ha farm now able to 


growing pasture in sufficient quantities for livestock rearing.  This land had never been used 


for horticultural production, suggesting it a lower quality soil making productivity more 


sensitive to fertility reduction.  Farmer 9 said cows are no longer run on many farms in the 


area (2008) due to poor pasture performance from the soils.   


 


Discussion with five pastoral farmers (Farmers 7, 8, 9, 10, & 11) indicated limited pasture 


germination/recovery began to occur 2-5 months after the ashfall.  Two farmers (7 & 9) 


reported within 3-4 years paddocks had a „good‟ cover of pasture that could sustain effective 


livestock farming. Farmer 9 indicated water availability was essential for recovery, recalled 


grass recovery was directly related to where there was available water. 


 


Only one interviewed farmer (10) in Puerto Ibanez reported cultivating ash into the soil.  She 


said her farm received 200-250 mm of ashfall, which totally smothered pastures so they tilled 


the ash into the soil.  Grass recovery took 3-4 months, but the farmer believed pasture 


recovery was mainly due to the mixing of the ash with the old soil and taking advantage of 


the warmer spring and summer growing conditions.  She believes soil fertility is fine now and 


was probably ok 12 months after the eruption (Farmer 10).   
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Alvino Seas Jara recalled 450-500 mm of ashfall on his farm.  He said grass reestablished in 


depressions with good water availability in 1991, but much of the farm took ~10 years for 


pasture to re-establish.  However, there was enough growth of tree leaves and a sufficiently 


low stocking rate that he was able to keep his farm going. 


 


Several farmers (8 & 11) close to town (within 500 m) reported the use of a grader funded by 


the municipality (originally for clearing roads) to strip/grade 150-200 mm ash deposits off the 


existing soil 1-2 weeks after the ashfall (Farmer 8).  This ash was collected and dumped as 


part of the road and town cleaning program.  Farmer 8 reported pastures recovered rapidly 


following removal of the ash, especially during the spring growth period. 


 


Alfalfa hay was reportedly burnt by the ash, with the damaged plants easily pulled from the 


ground by hand.  But the alfalfa hay crops were growing again by December.  The ash 


mainly blew away, so there was no need to dig the ash into the soil.   


 


 
2.4.3.2 Animals 


With pasture covered, livestock farming immediately became unsustainable. There were 


heavy livestock losses and ill-health due to malnutrition, ash ingestion, and ash trapping in 


sheep‟s fleece.   


 


Individual impacts reported by interviewed farmers included: 


 Snr. Uylsies Pededa recalled between 50-200 mm of ash fell on his farm.  Only 30 of 


his 200 sheep flock survived due to gastro-intestinal complications due to ash 


ingestion and ash becoming trapped in their fleeces.  His entire 100 cow herd 


apparently survived the eruption. Following the eruption, feed was sent from a friend 


who farmed near Coihaique.  Despite this, Uylsies Pededa was eventually forced to 


sell his herd of 100 cows at a heavily reduced price.   


 Farmer 8 was forced to sell their herd of 30 cows following 150-200 mm of ashfall on 


their farm.  The animals had lost significant condition due to the lack of feed.  The 


farmer said they had to effectively give them away as there was just nothing here for 


them to eat. 


 Farmer 9 was forced to sell 170 cows following 150 mm of ashfall on their 8 ha farm.  


The ashfall reduced the fertility of the land, so that only 1.5 Ha is now used for 


agricultural production.   


 Farmer 10 had only one cow and a small flock of sheep at the time of the eruption 


(reported 200-250 mm of ashfall).  The sheep were being rented at the time, and 


were taken away by the owner following the ashfall.  The cow was fed, but grass was 


very difficult to find.   


 Farmer 11 reported receiving ~1000 mm of ashfall, leading to ~30 of his ~60 sheep 


herd dying on his 1 ha farm.  He was forced to sell the remainder of the herd.   


 Alvino Seas Jara reported losing half of his 400 sheep and 100 cattle, along with 2-3 


horses following 450-500 mm of ashfall.  Those that died, had a „brick‟ of ash in their 


stomach and the survivors were extremely weak and skinny – although as it was 


close to spring they were in very poor condition.  The surviving livestock were 
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evacuated by truck to be sold for 50% of their worth. 


 Farmer 12 received ~200 mm of ashfall on his sheep farm.  He lost? 40 of his herd of 


300 sheep.  The rest died due ash in the wool and in the gut, typically within 1 week 


of the ash fall (Farmer 12).  Ultimately Farmer 12 and his family were forced to 


abandon their farm in late 1991.  Pasture was covered with ash and there was 


limited, if any re-growth, forcing the sale of his surviving livestock.  He returned 


several times to attempt to work it during subsequent years, but it was ultimately too 


difficult to get pasture re-established. 


 


Many farmers were forced to sell livestock in the short term following the eruption, creating a 


substantial decrease in livestock commodity prices and significantly reduced farm equity.  In 


the medium term, deaths, evacuation and sale of much of the Puerto Ibanez livestock led to 


a dramatic livestock de-population.  The collapse of the main economic activity in the area 


resulted in a dramatic drop in farm productivity and the local economy, whilst livestock 


commodity prices, such as the price of meat, soared due to under-supply.   


 


 
2.4.3.3 Horticulture 


There was no direct damage to crops during the eruption as it was winter and nothing was 


growing at that time.  However, the decline in soil fertility from the ashfall and wind-blown ash 


hazards meant there were on-going problems growing outdoor produce.  Farmer 12 reported 


that all horticultural crops failed during the following season, however in the following years 


there was better performance of the crops, which was attributed to the ash incorporation in 


the soil increasing fertility.  However, Farmer 7 said horticultural crops couldn‟t be grown for 


~6 years following the ashfall event.   


 


Following ~200 mm of ashfall, Farmer 12 reported fruit trees survived the eruption with no 


problems, although they obviously weren‟t in leaf, blossom, or fruit . 


 


 
2.4.3.4 Agricultural Machinery 


Most farmers reported machinery suffering increased wear from the abrasive ash.  Farmer 9 


reported his tractor and small convectional bailer (1×1 ft bales) have suffered significant 


abrasion damage to pistons (tractor engine) and moving parts, requiring constant 


maintenance and often replacement of damaged parts.  The farmer also remembered the 


ash caused some corrosion damage to metal immediately following the ashfall.  This has led 


to the farmer now doing most of the work by hand now, as it is too expensive to continually 


service the machinery.  This has resulted in a reduction in farm productivity and efficiency. 


 


Several farmers reported problems with vehicle engines being clogged and/or damaged due 


to abrasion of moving parts following ash ingestion during the eruption, and for a 


considerable time after the eruption as strong winds remobilised the ash (e.g. Uylsies 


Pededa). 


 


 
2.4.4 Long-term Social Impacts & Agricultural Adjustment 
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Puerto Ibanez municipal officials reported that there has been a significant population decline 


in the town and surrounding area, approximately 30% from a high of ~4,000 in 1991 to ~2700 


in 2001.  This figure has reportedly remained stable since (Oscar Albornoz ).   


 


It did not appear there had had been widespread farm abandonment, as happened in the 


interior, rather farmers simply sold their land at a very low price and relocated.  Municipal 


secretary Oscar Albornoz arrived to Puerto Ibanez in 1992 as a junior official.  He conducted 


interviews with affected people to assess impacts and establish what factors were inhibiting 


recovery.  He said the municipal office generally acted (and still does) as a liaison between 


the community and other agencies to access services, resources and requirements for the 


area.  Secretary Albornoz remembered in 1992 that “ash still being everywhere”, with 


farmers the mostly severely impacted.  Fields were still covered in ash and not producing, 


resulting in significant migration of farmers out of the area.  He said farmers lost significantly 


financially, being forced to sell livestock and land (their main assets) at very low prices simply 


to survive.   


 


Oscar Albornoz said despite the significant cost in having to relocate the wharf, the greatest 


problem following the eruption in Puerto Ibanez has been the collapse in morale of the 


population as a result of the on-going impacts to farms.  The heavy economic and social 


impact of the ashfall, on-going “ash-storms”, and the slow recovery of agricultural productivity 


(apparently related to reduced soil fertility) has made families unsure if they should carry on 


farming or just leave and start again.  One of the greatest challenges of the recovery has 


been trying to find work for affected farmers.  The municipality attempted to offer courses and 


workshops for impacted and struggling farmers to re-train them for other jobs that would 


provide supplementary or alternative income, but there was extremely low uptake, as farmers 


“just know farming and don‟t want to change”. 


 


One interviewee, Mrs. Blanca Mawreria Garcia believes people in Puerto Ibanez are now 


very aware to save money and not overstock their farms in case of future adverse events. 


 


“Key lesson is to have heaps of optimism!” (Farmer 8) 


 


Several interviewees were fearful Vulcan Hudson would erupt again in 2011, following a 20 


year eruption cycle after eruptions in 1971 and 1991.  Recent earthquakes that were 


experienced in the region exacerbated this fear. 


 


 


 
2.4.5 CASE STUDY A): Livestock Evacuation from the Rio Ibanez Valley 


and Puerto Ibanez  


This case study is not intended as an authoritative account of livestock evacuation 


operations that occurred in the Rio Ibanez valley and Puerto Ibanez area; rather it offers 


insights into the experiences of officials and farmers alike.  It also provides several lessons 


which should be considered in other livestock evacuations during volcanic crises. 


 


 
2.4.5.1 Overview 







 


32 
 


Following public safety, the next major priority in the Chilean emergency response was 


dealing with the agricultural crisis (Current regional head of INDAP).  A key component of 


this was in evacuating livestock from impacted areas.  INDAP provided assistance with 


livestock evacuation and animal feed for farmers with no access to it: 


 Approximately 5,000 cows and 3,000 sheep were evacuated from all affected areas.   


 100,000 kg of molasses and 30,000 conventional bales of hay were provided. 


 


SAG and INDAP officers were dispatched to the area to assist with the emergency response 


and livestock evacuation operations.  Don Julio Cerda Cordero was part of this deployment 


and recalled: 


 significant confusion during the initial stages of the response, particularly around what 


should be done and how bad the impact was; 


 livestock evacuation was purely the decision of individual farmers, and appeared to 


based primarily on the resources available to each; 


 poor records of stock in the region made evacuation planning difficult; 


 supplementary feed was scarce and difficult to bring in; 


 cows were generally evacuated preferentially due to their higher value. 


 


Much of the following section is from information provided by Don Julio Cerda Cordero. 


 


 
2.4.5.2 Decision to Evacuate 


In the days and weeks following the ashfall many farmers were struggling with the severe 


conditions.  Surviving livestock were malnourished and in poor condition, with the feed 


situation unlikely to improve rapidly.  There was also the possibility of further eruptions.   


 


The decision to evacuate was purely the decision of individual farmers, and appeared to be 


based primarily on the resources available to each with few actually evacuating their stock.  


Farmers were required to find a location for the livestock to go, so only farmers with contacts 


outside the impact zone and the financial resources were able to evacuate their livestock .  


Several agricultural officers involved in the response recalled there was some confusion and 


conflict when SAG/INDAP attempted to evacuate livestock in affected areas.  Many farmers 


preferred to take the risk and leave animals where they were, citing they couldn‟t afford to 


pay the associated costs.  This and other factors, such as poor access to impacted areas 


and high animal mortality rates, resulted in a low percentage of livestock in heavily impacted 


areas being evacuated.  Farmers that did evacuate their livestock were often forced to sell 


them at very low prices, often to avoid paying for hired grazing.   


 


There was no threshold of ash depth which dictated when evacuation was necessary.  It was 


purely up to the farmer.  In some cases a small amount of ashfall contaminated water 


supplies and the farmer decided to evacuate, in other cases there may have been significant 


thicknesses of ashfall but the farmer had access to clean water and supplementary feed so 


could survive; or may just not have the money to pay for the evacuation (most common).  


Thus the decision to evacuate livestock was dependant on the unique conditions at each 


farm and the unique impacts that needed to be addressed on a case-by-case basis.   
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The steep terrain and extensive nature of farming in the Rio Ibanez valley made it difficult for 


farmers to rapidly muster their livestock and evacuate them (Sn. Moreno Opazo). 


 


 
2.4.5.3 Mode of Evacuation 


Evacuation efforts began almost immediately. Cows and horses were preferentially 


evacuated before sheep, due to their higher value.  Farmers attempted to evacuate animals 


by truck or by herding/walking livestock out of the ashy environment.  The farmers we 


interviewed who evacuated livestock from the Rio Ibanez valley said they either went initially 


to Cochrane with some going on to Argentina or Puerto Ibanez and onto the Coihaque area 


or Argentina (depending on their locality).  Typically livestock were sold at this point rather 


than going onto hired grazing.  Interviewed farmers and agricultural experts told us that 


livestock which were not evacuated either perished or survived by moving out of impacted 


areas by themselves.  Evacuation operations continued in the Interior for up to a month 


following the eruption.  


 


Trucks were used to bring supplementary feed into the affected area and evacuated livestock 


out.  Trucks were only operated on roads with thin to moderate ash falls, however when the 


ash compacted it was like pavement so trucks could access further into the interior.  The 


main evacuation road into the interior (Rio Ibanez valley) became covered in heavy ash 


deposits making traction difficult.  Rain and snow fell during and following the ashfall, turning 


the ash to thick mud making access essentially impossible for vehicles, requiring livestock to 


be walked out.  Falling and remobilised ash dramatically cut visibility making it difficult to stay 


on the road.  Evacuation efforts had to be halted for a period from 15 August due to the poor 


conditions. 


 


Heavy ash fall deposits reportedly compacted sufficiently within ~6 weeks for livestock trucks 


to drive on it .  The main evacuation efforts however only continued for around one month 


(Regional Chief of INDAP, ).   


 


Farms situated close to the main access road and towns (i.e. Cerro Castillo, Cochrane, or 


Puerto Ibanez) seemed more likely to have evacuated their livestock.  We believe this was at 


least in part due to the greater access to transport resources, stronger social connections 


with people in other regions, and generally less ash fall impacts.  Several farmers recalled 


many animals died, during evacuation both on foot and in trucks.  Farmers than had been 


able to evacuate their livestock said it was as if they had died, given the extremely low sale 


price (Rosa Chacan! 


 


Interviewed farmers from the Interior (Study Area 1) reported some evacuated livestock had 


ingested large amounts of ash subsequently died during or immediately following the 


evacuation due to gastro-intestinal complications.  Sheep and cows abandoned on farms 


chased vehicles, hoping they would be fed, sometimes blocking the road. 


 


 
2.4.5.4 Livestock Census 


The lack of an accurate livestock census created problems when evacuating livestock.  Stock 
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numbers were significant higher than official figures suggested and INDAP agents were 


unable to accurately estimate what the actual numbers were.   


 


Many of the farmers had supplementary feed (hay) but there was a dramatic shortage in 


supplies.  Many of the farmers fed out hay during the evacuation of livestock to keep them 


going.  Efforts were made to secure more supplementary feed, but records of stock numbers 


in the area were so poor there was a dramatic underestimation of requirements.  Additional 


feed was imported from other parts of Chile to the crisis area, but was difficult to source at 


short notice and for the time of year (Regional Chief of INDAP).  The SAG Vet recalled 


logistic problems, with only one plane available for bringing in supplementary feed. 


 


The Chilean government assisted by paying for supplementary feed.  


 
2.4.5.5 De-capitalisation  


The large influx of animals available for sale drove the market price down and the poor 


condition of the animals also contributed to poor returns for farmers selling livestock Many 


farmers and some agricultural officials talked to said this caused significant economic and 


social distress for farmers.  Interviewed farmers felt offended at having to sell their animals at 


dramatically less than their „normal‟ value.  The loss of their animals greatly reduced their 


ability to recover from the effects of the ash fall, having to wait till their farms could sustain 


livestock again and raise the capital to buy new livestock (which had returned to normal 


prices).   


 


Don Julio Cerda Cordero recalled traders came from outside the region to take advantage of 


the cheap livestock and in some cases cheap land.  In one more sinister instance he recalled 


one trader used a false account to buy cheap livestock and land from desperate farmers, 


using false cheques to pay .  Whilst this individual was prosecuted, such experiences caused 


even further socio-economic distress for the affected farmers. 


 


 


 
2.4.6 CASE STUDY: B) River flats to the south west of Puerto Ibanez 


2.4.6.1 Overview 


The fluvial and aeolian deposition of ash on river flats at Puerto Ibanez has been a severe 


and on-going impact of the 1991 eruption of Vulcan Hudson.  In particular there have been 


significant impacts to the farm of Uylsies Pededa.   


 


The 150 ha farm is located beside the Puerto Ibanez airport, between the south-western 


edge of Puerto Ibanez, the Ibanez river, and extends up the Ibanez valley to the west (Figure 


##).  Much of it is located on river flats that make up part of the delta where the Rio Ibanez 


flows into Lagos Gen. Carrera.   


 


 
2.4.6.2 Problem 
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Like the rest of the Puerto Ibanez area, the farm was impacted by ashfall during the 1991 


eruption.  However a subsequent and more serious impact to the farm has been from 


subsequent lahar inundation along the Rio Ibanez and by aeolian redeposition of ash. Trees 


and branches that had collapsed from the heavy ash loading, contributed to damming the Rio 


Ibanez (Rosa Chacan).  This caused further sedimentation and bed aggregation in the river, 


When the dams failed or were breached by explosives (Luis Fernando Sandoval Figueroa) a 


series of break-out lahars flowed down the Rio Ibanez (Uylsies Pededa).  The lahars 


overtopped the river banks and repeatedly inundated farmland on the river flats to the west 


and south-west of Puerto Ibanez.   


 


Uylsies Pededa‟s farm was particularly badly affected. Fields located beside the river 


described by the farmer as being “highly fertile”, having previously grown high-yielding 


tomato, potato and corn crops, and pastures, were recovering from the 1991 ash fall.  But 


these were washed out and buried by the lahar inundation, with fine to coarse ash-lahar 


deposits turning them into a “wasteland” (Uylsies Pededa).   


 


The de-vegetated farmland was significantly more exposed, allowing fluvial and wind erosion 


and deposition to accelerate.  Fine material deposited by the lahars was easily remobilized 


by the strong winds, and further material was deposited from the Ibanez valley to the west.  


Large billowing clouds of suspended and saltating ash caused heavy abrasion damage to 


remaining vegetation.  Aeolian dunes formed 12-18 months ago on the paddocks.  They are 


now >2,000 mm high beside the river and 200-500 mm thick on paddocks closer to town.  


Close to the river, some fences are observable partially or nearly totally buried.  The dunes 


are migrating eastward towards to the lake across paddocks and impacting further farmland 


(Uylsies Pededa).  Seeds cannot be sown in the current lahar/ash deposits as there is no 


decent soil, and the dunes constantly bury new growth Uylsies Pededa. 


 


The dunes are typically med-course grained, moderate-poorly sorted ash.  They typically lie 


on fluvial deposits, indicating this is part of the active river channel, with fluvial textures 


(channel structures, micro-deltas, small terraces, and bars) all visible within paddocks in the 


affected area.  In areas (typically 5-6 m2) with no dunes (typically shielded by large trees 5-


10m high and dense bushes) there are large channel and cross-bed textures on the soil 


surface and reworked ash deposits indicating the area is part of an active flood channel. 


 


The Banks and Iven (1991) study had identified the Puerto Ibanez area as being at risk from 


lahar and flooding hazards following high aggradation of the Rio Ibanez river channel from 


the significant volcanic sediment input into the catchment2.   


 


 


Table 3 - point count data 
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Pumice 
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2
 The Banks and Iven (1991) study also suggested aggradation may be so significant avulsion of the river channel 


may result in the river flooding P.I. due to the very low elevation between the Rio Ibanez channel and P.I. town. 
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335 48 50 5 34 0 0 6 6 16 0 0 


67.0% 9.6% 10.0% 1.0% 6.8% 0.0% 0.0% 1.2% 1.2% 3.2% 0.0% 0.0% 


164 28 51 85 83 21 8 13 19 14 13 1 


32.8% 5.6% 10.2% 17.0% 16.6% 4.2% 1.6% 2.6% 3.8% 2.8% 2.6% 0.2% 


110 76 23 102 66 35 9 18 30 12 19 2 


22.0% 15.2% 4.6% 20.4% 13.2% 7.0% 1.8% 3.6% 6.0% 2.4% 3.8% 0.4% 


66 51 29 118 53 52 24 32 11 24 40 8 


13.2% 10.2% 5.8% 23.6% 10.6% 10.4% 4.8% 6.4% 2.2% 4.8% 8.0% 1.6% 


63 73 2 70 42 44 24 11 57 1 113 4 


12.6% 14.6% 0.4% 14.0% 8.4% 8.8% 4.8% 2.2% 11.4% 0.2% 22.6% 0.8% 


 


 
2.4.6.3 Impacts 


The impacts of the eruption and on-going sedimentation impacts to his farm have forced a 


reduction in stocking rate from ~100 cows in 1991 to only 6 in 2008 (Uylsies Pededa).  The 


cows reportedly suffered continual eye and respiratory problems in the ashy environment.  


Uylsies Pededa said of 150 ha only 30 ha (which is mainly out of the wind) is able to be 


farmed.   Affected paddocks are largely useless, unable to grow horticultural crops or support 


profitable stocking rates of livestock.  Uylsies Pededa said the farm used to be worth ~40 


million Pesos, but now would only be a fraction of that.  The remobilised ash was not 


impacting farm drinking water supplies as it is are derived from springs (Uylsies Pededa).   


 


 
2.4.6.4 Adjustment 


The impacts have forced diversification and adjustment of farming practices.  Uylsies Pededa 


and his wife have constructed greenhouses to grow herbs, carrots, beans and onions, 


maintaining income from the farm.  These were recommended to be constructed by INDAP 


as a way to mitigate the effects of the windstorms.  Uylsies Pededa‟s said even in the 


greenhouse ash needs to be wiped off the plants.  They are currently building a new 


greenhouse now to increase capacity.  Several more greenhouses were observed on 


neighbouring farms. 


 


 
2.4.6.5 Current Mitigation Methods 


After considerable experimentation, Uylsies Pededa has developed a wind break system that 


protects his homestead and greenhouses.  The system uses 2 rows of willows with large logs 


and aluminium sheets to block the wind3, so the smaller willows can grow behind them.  The 


first exposed row is often badly damaged by the wind, so acts mainly as a barrier to allow the 


second row of willows to grow successfully.  There is enough spaced between each row so 


that a wheel barrow can travel between them and the deposited fines can be cleared.  About 


400m of this wind break design has been installed.   


                                                 
3
 Willows were commonly used in many of the locations we visited as wind breaks, such as Los 


Antiguos, Chile Chico, and here in Puerto Ibanez.   
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2.4.6.6 Assistance 


Uylsies Pededa said as he is upwind of town, he is effectively protecting the town with his 


wind breaks and feels he should be given some assistance in recognition of this.  He is angry 


the government has not provided more assistance in controlling the dunes and did not 


attempt a sediment stabilization program (e.g. forestry) in the Rio Ibanez valley to avoid 


these problems being experienced now.  The government has apparently promised money to 


assist, “but it never comes” (Uylsies Pededa).   


 


Uylsies Pededa would like the government to: 


 bulldoze a 130 m barrier at the top of his farm up the valley and plant willow trees 


behind to stabilize the erosion, which he hopes would hopefully reduce the volume of 


epiclastic ash being deposited on his farm and from affecting the town;  


 change his farm entrance, so it is not facing directly up valley; 


 grade off the lahar and ash deposits back to the old soil so he can begin establishing 


pasture and crops again. 


 


 
2.4.6.7 INDAP Assistance 


Mrs. Blanca Mawreria Garcia, head of the local INDAP office, acknowledged the effects of 


the eruption were still being experienced in the Puerto Ibanez region.  Mrs. Garcia said 


officers from her office were working with farmers to put up windbreaks (unique) for this area 


to control windblown remobilised ash, providing assistance and funding. 


 


The INDAP regional office in Coihaique also claimed assistance has been given to small 


farmers to put up aluminium and wooden barriers with willow trees planted behind to try halt 


the dunes (Sn. Moreno Opazo, ).   


 


INDAP recognised long term management of the dune problem would be planting a wind 


break of trees (willows), but there is no time for the trees to establish as the dunes are 


advancing too rapidly (Sn. Moreno Opazo, ). 


 


 


 
2.4.7 CASE STUDY: C) Sedimentation of the Harbour/Rio Ibanez delta 


at Puerto Ibanez 


The huge volume of pyroclastic deposits deposited within the Ibanez river valley (0.9 km3) 


has lead to severe aggregation within the Ibanez river.  The river now carries a significantly 


greater sediment load, as it attempts to adjust to this sediment input, resulting in significant 


deposition at the Rio Ibanez delta within Lago General Carerra.  The growth of the delta 


reduce the harbour depth at Puerto Ibanez, requiring the port to be relocated several 


hundred metres further to the north away from the delta in 1993. 


 


It was considered vital to keep this important link open for economic activity and maintaining 


a link with isolated Chile Chico.  This was a significant expense for the town and one of the 
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major impacts to infrastructure in this area from the eruption.   


 


 


 


 


 


2.5 Study Area 3: Chile Chico, Los Antiguos, Perito Moreno and 
surroundings 


2.5.1 Overview of Area 


This area is situated on the south-eastern shores of Lago Buenos Aires/Lago General 


Carrera, approximately 120 km from Vulcan Hudson.  Despite being a significant distance 


from the volcano the area was located directly on the axis of the plume.  According to 


Naranjo et al. (1993) Chile Chico received ~100 mm, Los Antiguos ~60-80 mm and Puerto 


Moreno ~20 mm of ash fall (Figure ##).  This area was also significantly impacted by on-


going wind-blown ash storms for several years following the original ashfall. 


 


In these arid environments, intensive horticultural and livestock farming is confined to areas 


close to river valleys for irrigation water access (Figure ##). Chile Chico is an agricultural and 


mining service town.  It is relatively isolated from other towns in Chile, with land access to 


several hours drive.  A regular ferry service is run between Puerto Ibanez, which serves as 


an essential economic and social linkage.  Agriculture at Chile Chico is dominated by 


vegetable horticulture (i.e. potatoes, tomatoes, garlic), stock feed (alfalfa hay), and livestock 


(sheep & cattle) farming.  There is a recent development of cherry orchards too.  Most farms, 


regardless of type, are dependent on small-channel flood irrigation.  


 


Los Antiguos is located approximately 5 km from Chile Chico, across the border in Argentina.   


It is a lively tourist town of ~4000 people, dependent on cherry orchards clustered around the 


centre of the town (Figure ##).  Intensive livestock farming occurs in the outer regions of the 


town belt which still access the channelled irrigation system.   


 


Perito Moreno is a town of ~5,000 people located on the eastern side of Lago Buenos Aries.  


Regional administration, including border control and the Ministry of Agriculture are based 


here.  Similar to the other towns, intensive livestock and horticultural farming occurs within 


and close to the town due to irrigation water access.   


 


All three towns typically use Poplar trees as windbreaks and utilize flood irrigation, which is 


essential for intensive agricultural production in this semi-arid region. 


 


Between Los Antiguos and Puerto Moreno is extensive sheep and cattle pastoral farming.  


The land is mainly devoid of grass, with just low scrubs and low tussock-like grasses 


surviving.  It is very dusty and dry, with 0.5-1 m high dunes of sandy silt, which appears to 


have a relatively high content of epiclastic ash from the 1991 eruption.  In some river valleys 


between main settlements and close to the lake are pockets of settlement, where 20-80 ha 


areas of land is irrigated from the rivers.  In the wider area away from the lake are very large, 


extensive sheep farms (ranches) comparable to stations in New Zealand. 
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Impacts were generally similar to those experienced in the Puerto Ingeniero Ibáñez area, 


although there has been a greater and more positive recovery in the area. In all areas, 


remobilised windblown ash has been a significant problem and has continued to be a 


nuisance for public health, damaging fruit trees, impacting animals and contaminating 


surface water supplies. 


 


 
2.5.2 Response to the 1991 Eruption 


2.5.2.1 Warning  


No reported warnings from official sources were recalled by any interviewee, including 


municipal officials.  In Chile Chico, Juan Mercegui (governor of the Chilean province in 1991) 


received instructions from superiors to assess impacts by travelling Puerto Ibanez, with 


impacts expected to be most severe at Cerro Castillo.  He could not make it beyond Puerto 


Ibanez and returned to Chile Chico following severe ashfall impacts.  Sn. Juan Mercegui said 


no one expected large thicknesses of ash to fall at Chile Chico.   


 


Natural cues such as explosions from the volcano could be clearly heard in Chile Chico and 


Los Antiguos.  Thunder and lightning was experienced as the eruption plume made its way 


over the area (Victor Valdivia).   


 


 
2.5.2.2 Ashfall 


The area experienced ~3 days of ashfall.  The ashfall blocked the sun, with visibility often 


down to 1 m during the daytime.  A “huge cloud” coming from the volcano was observed in 


Perito Moreno.  One interviewee said it so dark that roosters did not crow.  Thunder was 


heard in the distance.  Interviewees in Chile Chico reported ashfall depths of between 200-


300 mm.  In Los Antiguos thinner estimates of ashfall were recalled, generally between 150-


250 mm.  In Perito Moreno ash depths between 50-250 mm were reported.  Several 


interviewees in Chile Chico recalled small lapilli size particles falling in some instances, 


which hurt when it hit people (Victor Valdivia, pers. comm., 2008). 


 


Interviewees said the eruption appeared to vary in intensity (pulsate), with people in Chile 


Chico able to see the eruption plume erupting from the volcano in-between eruption pulses.  


One interviewee said the intervals between each pulse were approximately 30 min.   


 


People reportedly tried not to venture outside as ash would rapidly irritate eyes and 


breathing.  Some interviewed farmers remember the loss of power and water supplies in Los 


Antiguos and Chile Chico, further compounding the effects of the ashfall.  In Perito Moreno 


one interviewee recalled simply staying inside till 15th August.  Whilst water and electrical 


supplies remained operational, water wasn‟t drunk as a precaution, with the Red Cross bring 


in water and food house to house, and household interiors were so dusty electrical lights 


were useless.  Schools were shut due to the severe disruption.  Some people were fearful 


roofs may collapse with 200 mm ash deposits.   
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2.5.2.3 Windblown Ash 


There were severe problems with strong wind remobilising ash during the weeks following 


the eruption in Chile Chico and Los Antiguos.  One interviewee (Farmer 18) said one week 


after the eruption there was only one metre visibility during wind storms, forcing people to 


just stay inside.  In the following months, ashy conditions were a day-to-day reality.  Homes 


were continually contaminated with ash, air filters needed to be changed constantly and 


agriculture was impacted.  Violeta Dias Jara said the wind-blown ash was the main problem 


of the entire eruption event.   


 


Several interviewees in Los Antiguos said there was significant disruption from the wind-


blown ash for 4-6 months following the eruption, compounding and extending the period of 


disruption and losses.  Wind and rain processes concentrated ash in valleys over-thickening 


deposits, whilst ash deposits were eroded from ridgelines. 


 


However many interviewees said the wind ultimately allowed the area to recover significantly 


more rapidly, blowing much of the ash into the interior.  Fluvial erosion also stripped much of 


the ash and deposited it into Lago Buenos Aries.   


 


 
2.5.2.4 Human Evacuation 


A large number of people, mainly women and children, were evacuated from the area due to 


the ashy conditions and severe problems from wind-blown ash.  Visibility was very poor due 


to ashfall or high concentrations of suspended ash from strong winds so evacuation traffic 


would wait for periods of good visibility before leaving.  Typically men stayed behind to clean 


up and manage farms, local business, or municipal services.  Initially no one could leave 


Chile Chico due to land transport routes being disrupted by the ashfall, then elderly and 


young children were evacuated to Coihaique at the end of August for ~4 months  


 


Interviewees in Los Antiguos reported after a significant evacuation of women and children 


many people returned after 2-8 weeks (Civil Defence Officer of Los Antiguos).  Most recalled 


a significant uncertainty as to whether to leave possessions and farm animals or evacuate 


with everything.   


 


There was a huge evacuation out of remote extensive farming areas on both Chilean and 


Argentine sides of the border.  This often became a permanent relocation for many people as 


they were forced to abandon their farms.   


 


In Perito Moreno most farmers were reportedly able to remain on their farms during and 


following the ash (Joses Guillermo Bilardo – Mayor of Perito Moreno), suggesting the 


impacts were not severe enough to require evacuation.  However children were evacuated 


as soon as possible due to the health hazards.  Many people also self-evacuated following 


the ashfall due to fears of health impacts, but have now mostly returned (Joses Guillermo 


Bilardo).    
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2.5.3 Towns Clean Up Operations 


 
2.5.3.1 Chile Chico 


Over 100 adobe-style buildings in Chile Chico reportedly suffered structural damage from the 


weight of ash on top (Sn. Juan Mercegui – former provincial governor).  Some had totally 


collapsed, whilst many others had severe cracks in load bearing walls.  One farmer believed 


the collapses were due to people not cleaning their roofs efficiently and from light snow and 


rainfall greatly increasing the weight of the ash.   


 


The cleanup of ash from Chile Chico was the top priority, with ash needing to be scrapped off 


buildings and cleared from the streets.  The local government immediately gave assistance 


for the clean up and then assist with reconstruction and strengthening of collapsed and 


damaged buildings (Sn. Juan Mercegui).  The cleanup took 20-30 days, with ash cleared 


from roofs and surfaces, piled in the street and then shovelled (usually by hand) into dump 


trucks sent by the regional and national governments.  A Chilean grader was also utilised 


when it arrived.  It was estimated ~5,000,000 m3 of ash was removed and dumped.  The ash 


was disposed of in large holes dug near the rubbish dump to the south of Chile Chico. 


 


 
2.5.3.2 Los Antiguos 


In Los Antiguos, the Deputy Mayor of Los Antiguos said cleaning roads and piles of ash 


cleaned from roofs was the most important clean up measure.  Dump trucks and machinery 


were sent by the regional government to assist with clean up operations.  It was essential for 


a fast and efficient clean up of ash, as remobilised ash was a significant problem in the 


months following the ashfall.  Ash was dug into barrows & made big piles, which was then 


dug into trucks by hand or diggers, and then buried at ash dump sites away from town to 


isolate the ash from potential remobilisation.  Los Antiguos municipal officials said clean up 


operations took 30-60 days.   


 


There was a significant increase in public work commitments and repairs following the ashfall 


in Los Antiguos (Amador Gonzalez), but due to the evacuation and later permanent or semi-


permanent migration out of the own there were less people available to assist which slowed 


the restoration of many services. 


 


The municipality initially asked for farmers to dispose of the ash themselves, but ultimately 


cleaned up many farms close to the town centre.  One farmer described cleanup operations 


on her farm beginning with a bulldozer pushing ash from around the house and from some 


paddocks into pile, and 10-20 tonne diggers loading the ash into dump trucks, which took it 


away to ash dump sites.  The municipality assisted cleanup scheme was highly approved of 


by all farmers who utilised it, as farm cleanup was difficult.  Farmer 21 reporting the ash 


collected from their farm buildings and homestead roof, and farm yards filled 6 trucks.   


 


 
2.5.3.3 Perito Moreno 
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In Perito Moreno no capped ash dumps were utilised, so ash remobilised causing renewed 


problems (Shaquib Hamer – former head of Provincial Council of Agriculture in Perito 


Moreno,). 


 


 
2.5.4 Impacts and Recovery of Agriculture 


The most significant agricultural issue for most farmers was whether the land would recover 


to a sufficient degree to support future agricultural activities, and if so, over what timeframe?  


This uncertainty greatly complicated farmer‟s decisions as to whether to evacuate or sell 


livestock.  One farmer said following his experiences in 1991 he would no longer sell his 


livestock as he now knows grass will grow back.  But the confusion and significant 


uncertainty at the time, coupled with the poor condition of his livestock led to him selling.  


This highlights the importance of a high quality dataset to be available for farmers following 


heavy ashfall. 


 


Los Antiguos and Chile Chico farmers used rehabilitative strategies (usually cultivation of ash 


into soil) to re-establish agricultural production following the ashfall - usually with great 


success.  This provides an extremely useful comparison to Puerto Ibanez farmers who 


typically did not cultivate lands following the eruption and have suffered prolonged decreased 


fertility following the ashfall, despite typically thinner thicknesses of ashfall.   


 


 
2.5.4.1 Pastures and Soils 


Pasture, crops and soils were all reported to be significantly impacted in 1991 following the 


ashfall, with smothering and poor fertility commonly reported for the following 12-18 months.  


Impacts appeared to be similar between Chile Chico and Los Antiguos, although the greater 


ashfall thicknesses at Chile Chico led to greater impacts. 


 


There was divergence on whether the ash provided beneficial results for soil fertility.  


Typically pastoral farmers did not think there had been benefit, which orchardists were spilt 


and small scale horticulturalists believed there had been benefit.   


 


A commonly-reported effect was that soils had a reduced water retention/holding capacity 


compared to before the eruption, presumably due to the increased grain size from integration 


of the ash into the soil.  Many farmers reported the ash “dried out of the soil”. 


 


There were several reports of the ash forming a semi-impermeable layer which rain and 


irrigation water simply ran off.  Farmers were required to simply irrigate significantly more to 


saturate the ash which eventually allowed water to percolate through to the soil beneath. 


Ananias Jonnutz–Productov said a hard water-impermeable cap formed on the ash deposit, 


which reduced the effectiveness of mechanical cultivation.  He used water to flood the 


paddocks to try break up the cap and wash the ash away, unsuccessfully.   


 


Several report oted the high concentration of sulphur in volcanic ash burnt crops and tree 


leaves (Amador Gonzalez).   
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It was reported in both Chile Chico and Los Antiguos the ash had a beneficial effect in killing 


„sembre‟, a type of worm pest which ate plants.  The ash appeared to kill them (sulphur?), so 


some farmers continued putting ash on them for several years following the eruption to good 


effect (Violeta Dias Jara). 


 


 


Supplementary feed production in Perito Moreno was significantly impacted by remobilised 


ash contaminating alfalfa.  In the late 1980‟s 25,000 bales of alfalfa was normally produced, 


but in 91 only 15,000 were baled (Shaquib Hamer).  Mowers and balers could not cut or bail 


the ashy crop, as the ash ruined cutter bars and blades on the mowers and abraded moving 


parts.  Tractor motors were vulnerable to ash ingestion, with air filters cleaned several times 


daily, but several motors still required reconditioning.  Farmers would typically only cut and 


bale on a calm day, otherwise the feed would simply be covered in ash.  The Poplar tree 


wind-breaks saved a lot of hay crops, breaking the wind.  The dramatic reduction in 


supplementary feed production compounded the impacts of the eruption, with less feed to 


distribute the following winter (Shaquib Hamer). 


 


Most interviewed farmers in Chile Chico and Los Antiguos reported pastures took around 2-3 


years to re-establish and allow pastoral farming to resume (i.e. Victor Valdivia; Sn. Juan 


Mercegui).  In Perito Moreno several interviewees said it was ~12 months before pasture 


began to re-establish, with recovery impeded by on-going wind problems (Farmer 22). 


 


Rehabilitation of pastures was carried out in many high intensity farms throughout this study 


area.  Most farmers agreed it was very important to mechanically cultivate the ash into the 


soil to ensure an effective and deep mixture of the ash and soil.  High intensity horticultural 


and pastoral farmers typically used government-sponsored tractors and ploughs or PTO 


rotary hoes to initially integrate the soil and ash deposit, and then regularly mixed with hand 


hoes and spades for several years afterwards.  However Valdivia (1993) noted some farmers 


used rakes and shovels to mix the ash into the ground to beneficial effect, achieving greater 


yields after 2-3 years.  Other strategies included alfalfa growing at the time of the ashfall 


being dug up and the remaining ash deposited under it.  It reportedly took 2-3 years for new 


alfalfa to grow back, despite continual planting.   


 


Ploughing reportedly worked well on soils with 200-250 mm of ashfall, but in depressions and 


other areas where ash deposits had been over-thickened by erosional processes to depths 


of ~ 400 mm it was too deep for the plough to penetrate.  In such cases Sn. Hector Vogt 


(Chile Chico) said farmers would just wait for the wind to blow sufficient ash away.  Most 


farmers who had undertaken such a strategy believed the cultivation and mixing of ash into 


the soil was the primary reason why grass re-established within 2-3 years (and in some 


cases before this) and fertility has now increased beyond pre-eruption levels.   


 


The coarse ash did not always mix well with the finer soils, with it commonly being worked to 


the surface of the soil layer requiring continual cultivation Amador Gonzalez  


 


There appeared to be less rehabilitative measures applied in Chile Chico, attributed to a 


dependence mentality by local municipal officials.  However in Los Antiguos soil rehabilitative 


methods were more commonly adopted. 
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The ashfall reportedly resulted in reduced yields in Perito Moreno by ~ 30% for several years 


following the eruption.  The ash reduced soil water holding capacity, important in an arid 


area.  After ~3 years farms with access to irrigation water had reportedly returned to normal 


levels of productivity (Shaquib Hamer).  Pasture recovery in areas with good water access 


and where ash has blown away was extremely rapidly within several months.  However in 


areas where ash was not eroded and there is poor irrigation it took > 5 years (Shaquib 


Hamer).  A farmer in Perito Moreno said that his farm‟s production was back to of pre-91 


levels (Farmer 22).   


 


For farms without irrigation it has been a slow process rebuilding productivity.  Farms at 1500 


m are still very unproductive and impacted by remobilised ash (Shaquib Hamer, pers. 


comm., 2008).   Shaquib Hamer said access to water has been essential for recovery - in 


many cases it has been the key determinant. 


 


The majority of farmers we interviewed in Chile Chico, Los Antiguos and Perito Moreno 


believed the ash had a medium-long term beneficial effect on the soil after several years 


(e.g. Violeta Dias Jara).  Potatoes reported to have increased in size from 6-10 cm to 20-25 


cm after several years (Sn. Juan Mercegui).  , This could be due to improved soil conditions 


through improvement to the soil conditions and the slight fertilizing effect due to Mg, Ca, K, P 


and S availability from the Hudson ash (Bitschene et al., 1993).  One farmer (GPS 57) 


dumped ash from here roof and other surfaces in one paddock.  After as little as one year, 


crops have apparently grown very well in this area.  However the soil typically needs 


significantly more water (via irrigation) than other soil.  When inspected the grain size of the 


soil was significantly coarser (fine sand) than other soils in the area, which were observed as 


silts or muds.    


 


Farm 24 (GPS 067) reported pasture reestablishment within 4 months of the ashfall following 


~80 mm ashfall.  The ash had been mixed into the soil and the farmers believed there had 


been a slight fertilisation effect.   


 


  
2.5.4.2 Animals 


Farmers reported that thousands of sheep and cows died on farms close to Chile Chico and 


Los Antiguos following the eruption from ash ingestion and ash catching in long winter 


fleeces weighting down weakened sheep.  High death rates also occurred at Perito Moreno.  


Sheep were typically more sensitive to the ash in this area (Shaquib Hamer).  Hungry sheep 


reportedly tried to eat scrubs and low trees full of ash (Ananias Jonnutz – Productov). Ewes 


aborted lambs during the and following the ashfall, presumably due to high stress and 


malnutrition.  Starving sheep were very weak and reportedly just collapsed with heavy 


fleeces full of ash. Autopsies of sheep that had died in ash impacted areas showed digestive 


and respiratory tracts were full of fine ash, which still smelt clearly of sulfur (Victor Valdivia,).  


The meat was also reportedly blue-green in colour and smelt very bad (Sn. Juan Mercegui).  


Instances of sheep going blind from ash abrading and irritating their eyes, with many 


observed just walking in circles in Chile Chico, were reported for the first time.  Livestock in 


Perito Moreno were reported as suffering severe eye damage with many suffering permanent 
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blindness for many (Joses Guillermo).   


 


Some farmers shore the wool from their surviving sheep in an effort to reduce the stress on 


animals.  There was a huge job assessing wool stocks following the eruption.  Stored wool 


was contaminated by ash penetrating woolsheds.  Large volumes of wool were reportedly 


soiled and unusable as a result, further compounding economic losses.  Shearers were badly 


impacted, with the expense of replacing combs badly damaged from the large quantities of 


ash in the sheep‟s fleece. 


 


Farmer 21 (Los Antiguos) reported they lost 50% of their flock of 30 sheep in 1991 following 


200-250 mm of ashfall.  The remaining sheep were not evacuated, with supplementary feed 


on the farm distributed and large volumes trucked in.  Within several months the surviving 


sheep had worn down their teeth sufficiently that they found it difficult to eat.  Recovery has 


been successful here however, with the farm increasing stocking rates from 30 sheep in 


1991, (50% of which died following the ashfall) to 120 sheep in 2008. 


 


Even smaller ash deposits (<100 mm) caused severe problems.  At a farm on the southern 


shore of Lago Bueno Aries 10 km east of Los Antiguos (Farm 24; GPS 067) which reportedly 


received 80 mm (recorded as 80 mm by Naranjo et al., 1993), animals died from starvation 


and ash ingestion.    As water supplies were contaminated, livestock were taken to the lake 


to drink, but some were reported drowning in the lake after becoming stuck in the swampy 


conditions created from the high volume of ash in the lake.  Carrots were also grown 


commercially at the farm in 1991 but were too dirty and with water either contaminated or too 


valuable to waste, they could not be washed and the buyer refused them.  They were fed to 


the livestock which provided much needed sustenance and the farmer believed saved many 


of them.  Following the death of 60 of the farmer‟s flock of 400 sheep, the government 


assisted with some supplementary feed provision.  The farmer received an additional 120 


sheep when able to sustain them as part of the aid package.   


 


Farmer 24 (~80 mm of ashfall) reported his farm missed the 1991 lambing due to abortions 


and poor feed availability, but felt they had recovered sufficient by October 1992 following a 


successful lambing. 


 


Surviving livestock at Perito Moreno reportedly suffered severe abrasion to their teeth from 


eating ash-coated feed, inhibiting growth (Shaquib Hamer).  One farmer reported losing 


nearly 80% of his livestock, but government subsidies allowing him to buy in more livestock 


to resume farming (Farmer 22). 


 


Cattle were consistently reported as surviving more effectively in the ashy conditions, 


although it was difficult to distinguish whether this was due to favourable management due to 


their higher value or a decreased vulnerability to ashy conditions.  Contrary to other accounts 


cows in Perito Moreno were reported to be worse affected, requiring taller grass and more 


water, where as sheep were more able to operate in the ashy environment (Joses Guillermo 


Bilardo).   


 


Animals did not seem to avoid drinking ash contaminated water, despite high turbidity levels.   
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Birds were heavily impacted by the ashfall.  Several interviewees said it was striking that for 


several months after the eruption, there were no birds at all in the area.  Small birds and 


animals have a lot of bronchial problems. 


 


Social trauma was compounded with the countryside left devoid of animals, native and farm 


livestock. 


 


 
2.5.4.3 Livestock Evacuation 


Livestock were evacuation from Chile Chico by ferry to Puerto Ibanez and by trucking across 


the border to Argentina or through Argentina and back into Chile.  A major complaint in Chile 


Chico was the disruption of transportation networks and severe isolation this created.  


Interviewed farmers reporting most of their livestock were eventually sold due to uncertainty 


about pasture recovery and future eruptions.  Sn. Hector Vogt said he was forced to 


evacuate more than 300 cows from his farm outside of Chile Chico during the ashfall, using 


the ferry to Puerto Ibanez.  Before and during the evacuation he recalled his cattle suffering 


eye and respiratory impacts from the fine ash.  He was forced to sell the cattle due to severe 


uncertainty about food supplies and the threat of future eruptions. 


 


In Los Antiguos there were severe losses occurred to sheep herds, as initially animals 


couldn‟t be evacuated.  The surviving animals needed to be feed, as ground feed stocks 


were totally covered in ash, so the Provincial Government brought in livestock feed aid for an 


initial period of 2-3 weeks, but following this, farmers had to buy in their own (Civil Defence 


Officer of Los Antiguos). 


 


 
2.5.4.4 Impact on Local Food Supplies 


The ashfall had an impact on food distribution systems.  With livestock farming severely 


impacted, only vegetables and other non-meat products were available for a period following 


the ashfall (Shaquib Hamer – former head of Provincial Council of Ag in Perito Moreno, pers. 


comm., 2008). 


 


 
2.5.4.5 Fruit Trees 


The cherry harvest in Los Antiguos was exceptionally poor for several years following the 


1991 ashfall, greatly impacting the Los Antiguos economy and the many people who relied 


on the cherry harvest.  Fruit trees commonly failed to flower or produced some fruit that were 


typically very small, of extremely poor quality.  One farmer described such cherries as almost 


rotten.   


 


The weight of ash broke some small branches, but most damage was from acidic burns to 


leaves and buds, and abrasional damage from wind-blown ash to blossom.  As the trees 


begin to bud in September the remobilised ash had a severe impact on the young buds, 


greatly reducing the frequency of fruit set and quality of the fruit.  The airborne ash also 


heavily impacted pollinating insects, reducing fertility amongst the trees. 
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Depressed yields continued for several years, but most interviewees agreed they had 


recovered sufficiently by 1993-94 sufficiently for farming to resume, and by 1996-97 the 


harvests were back to normal yields.  This was an extremely difficult time for orchardists, 


having to survive for two season without being able to produce anything for sale, relying on 


savings and government aid.  “Every now and then life was pretty bad in those two years” 


(Ananias Jonnutz – Productov).   


 


No interviewed cherry orchardist reported losing any cherry trees to the effects of the ashfall.   


 


Remobilised ash had an abrasive effect on apple, peach, pear, and apricot crops.  When ash 


covered fruit was touched, such as during harvest or in an attempt to clean them, it damaged 


the fruit. 


 


Raspberries recently planted in 1990 did not die following the ashfall, with rainfall 1 week 


after the eruption washing ash off the plants.  Over the long term the soil fertility apparently 


increased.  The farm still grows raspberries in 2008. 


 


The eruption had an unexpected advantage, with the publicity of the severe impacts creating 


greater interest in the traditional English and Spanish markets where 60% of harvest is 


exported (remainder goes to Buenos Aries – 30 hrs of truck travel). 


 


 
2.5.4.6 Machinery and Equipment 


The volcanic ash was very damaging to engines, blocking air filters, abrading seals and was 


highly abrasive to moving parts, such as pistons.  Windows and paintwork would be 


scratched and dulled.  It „dried up‟ lubricates within the engine, mixing with engine oil to form 


a sort of paste, causing them to seize (Amador Gonzalez - Secretary of Public Works for Los 


Antiguos pers. comm. 2008).  Vehicle engines suffered major problems, so precautions were 


constantly required to protect vehicles.  Air filters were regularly changed.  In Los Antiguos 


wet potato sacks were put over air filters to trap ash, which apparently worked quite 


successfully.  Tractors used for cultivating ash into the soil had to be thoroughly cleaned 


every day.  The air filters required cleaning after several hours operation, as they would be 


full of ash, and replaced at the end of each day.   


 


Fine volcanic ash penetrated electrical motors, which caused significant abrasion and 


damage (arcing?) within the engine.  The best strategy was to seal up housings to keep the 


ash out.  


 


There was significant expense for individuals and the municipality paying for reconditioning 


ash impacted engines following the ashfall. 


 


 
2.5.5 Impacts and Recovery of Farming in the Interior/Meseta Areas 


The area to the west of Chile Chico and the east and south of Los Antiguos is semi-arid in 


the absence of reliable water access for irrigation.  Extensive livestock farming occurs, 
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although only cattle were sparsely observed.   


 


The impacts of the ashfall were reportedly much worse on the extensive livestock farms in 


the estancia.  Interviewees in Chile Chico said this area was a difficult (marginal) area to 


farm before 1991, and following the eruption was significantly destocked due to reduced 


grass growth and continuing problems with wind-blown ash.  Sheep were highly exposed to 


ash and wind-blown ash, and often isolated so could not be fed supplementary feed or cared 


for.  The inability to assist pasture recovery through cultivating soils and the severe winds in 


these exposed areas meant farming became untenable.   Many farmers were reported to be 


in bankruptcy.  An interviewee in Los Antiguos said many of towns are populated with the 


“post-ash generation” who have had to abandon farms and take up jobs in cities.  Many were 


reported to still own the land, but most can‟t pay their taxes or wages to farm workers.   To 


compound problems, the thriving oil industry in Santa Cruz province has raised wage rates, 


making it very difficult for struggling farmers to attract farm workers.   


 


In the sette in central Patagonia the eruption has contributed in a significant de-population of 


agriculture.  Farming in the regional was reportedly in decline before the eruption, due to 


falling wool commodity prices and reducing rainfalls (which heightened 


vulnerability/sensitivity to disruptions), the eruption appeared to have had a shock effect 


which has greatly accelerated the decline and forced many from the land.  As many as 80% 


of farmers were estimated by Shaquib Hamer to have abandoned their farms due to health 


effects from wind-blown ash and severe impacts the ashfall and on-going remobilised ash 


farm impacts. 


 


Joses Guillermo Bilardo (Mayor of Perito Moreno) said there has been several cases of 


sette-farmers needing to come in to Perito Moreno to work.  


 


It appeared that these mainly extensive sheep farms were operating in difficult and often 


marginal conditions, which made them more vulnerable to the impacts and „shock‟ of the 


ashfall.   


 


Despite this, several occupied homesteads and fences in good repair were observed in the 


area to the south-west of Chile Chico, which received 50-100 mm of ashfall (Narajo et al., 


1993), indicating farming continues here.  Approximately 100 mm of topsoil with high ash 


content was observed when a soil profile was cut.  Unfortunately no farmers were 


encountered who could be interviewed.  There is significant evidence of on-going influence 


from the 1991 eruption, with 20-30 mm high dunes of epiclastic ash in sheltered areas, such 


as in the lee site of rocks, trees and in depressions; indicating there is still significant supply 


of mobile ash.   


 
2.5.5.1 Effect on a large ranch 


An account of the effects and recovery after the eruption on Estancia lands has been 


included from Don Hector Sandin, owner of eight large ranches totalling 180,000 ha of 


extensive pastoral land at the southern end of Lago Buenos Aries.   


 


Approximately 200-250 mm of ash fell near his homestead, 10 km from Perito Moreno.  The 
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wind during and following the ashfall was extreme.  Remobilised ash transported by winds at 


over 120 km/h was highly abrasive, cutting grass at the base and abrading Poplar trees like 


sand paper.  Vegetation was simply stripped, leaving nothing for livestock to eat.  Dunes of 


ash formed on his farm up to 3 m high in some places.  Valley paddocks were particularly 


badly impacted where ash would accumulate and smoother feed.  After 3-5 yrs most of the 


ash had blown away or had stabilised.  In 2008 the most affected areas are high up above 


1000m, where the ash has formed a cap on the soil, but a few plants are reportedly 


beginning to growth back now.   


 


The ranch ran 30,000 sheep in 1991.  Don Hector said ~50% were lost in total.  Only 30% of 


flocks were lost close to the homestead where they could easily be herded and fed 


supplementary feed and taken to water.  In outer areas they were very difficult to rescue.  


Ashfall and remobilised ash contaminated natural springs, making it extremely difficult for 


thirsty stock to access water.  The farm required dramatic destocking following the ashfall 


and ensuing wind-blown ash storms.  Sheep were sold, rented out and some gifted (lambs 


sent back). 


 


The farm had significant reserves of supplementary feed, so much of the reserve was sold to 


the Government aid program.     


 


Current pastures consist of a coarse tussocky type grass with medium-coarse ash as sod 


cover.  Small grasses such as this re-established around 2001.  The soil was extremely dry 


due to drought conditions, which has impacted  recovery, especially in high areas.  He is 


beginning to trial alfalfa hay growth in, the first since the eruption.  Disk ploughs and 


grubbers are used to cultivate 200-300 mm depth to ensure there is good mixing of the 


surface ash deposit (Figure ##).  


 


 
2.5.6 Agricultural Recovery & Adjustment  


Agricultural and agronomic recovery took several years.  People kept working away in the 


expectation that things would eventually recover, mainly due to a strong attachment to their 


land and town and a reluctance to evacuate (Deputy Mayor, Los Antiguos).  Eventually 


agriculture began to recover.  It was an extremely difficult time, with people having spent 


years working their farms to an improved state, and were essentially put back to the 


beginning with nothing.  But now agriculture is flourishing. 


 


Interviewed farmers recalled that life was extremely difficult in the 24 months following the 


eruption. Most people had to rely on their savings and government aid.  A countryside 


completely devoid of animals, either dead or evacuated, caused discomfort for several 


interviewees.  


 


Several interviewed farmers believed that most farms had recovered successfully by 1996-


97. Many interviewees noted that the wind „saved them‟ by blowing the ash away.  


 


Most interviewees in Chile Chico, Los Antiguos and Perito Moreno (both farmers and 


municipal officials) said there has been no adjustment of farming practices following the 
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ashfall, other than adapting to commodity market changes. 


 


Our impression was that both Chile Chico and Los Antiguos have suffered some loss in 


agricultural productivity, both due to on-going physical impacts from the ashfall, and the 


social impacts of health impacts and relocation of many farmers.  Chile Chico recovery has 


been significantly assisted by the Ag mine which opened in the mid 1990‟s.  Without it, Chile 


Chico may have suffered the same social and economic decline as Puerto Ibanez.  Los 


Antiguos is clearly benefitting from sustained high tourism growth, making it difficult to 


estimate the role agriculture has made to the region‟s economic and social recovery.  It is 


clear much of the tourism is based on the cherry orchards highlighting the integrated and 


connected variables in any regions recovery from a severe disruption, such as a volcanic 


eruption.   


 


 
2.5.7 Adjustments to Climate Change 


Agricultural productivity in this region is highly reliant on the relatively low natural 


precipitation and access to irrigation water.  Reliable access to water has greatly aided 


pasture and horticultural recovery in some areas, promoting vegetation growth particular 


when the addition of ash to the soil has reduced the water holding capacity.  Indeed the 


change in the physical fertility of the soil from the 1991 ashfall has made farming 


unsustainable or impossible, particularly in areas of high ashfall and in the Estancia/Meseta. 


 


A number of interviewees noted that the area has been receiving less rainfall over the past 


decades, putting increasing strain on farms to maintain productivity.  Shaquib Hamer said in 


Perito Moreno it has decreased from 200–300 mm/yr several decades ago to an average of 


~150 mm/yr now.  In 2007 the region only received 50-60 mm.  This has resulted in 


decreased river flows and a lowering of the water table, putting pressure on important 


irrigation resources.  Alfalfa hay production in Perito Moreno has fallen from 26,000 hay 


bales in 1990 to 2,000 bales in 2007, highlighting the decreasing input of precipitation 


(coupled with non-evolving farming practises) over time (Shaquib Hamer). 


 


The eruption has had a severe impact on agricultural productivity, but we suggest reducing 


rainfall (climate change) has contributed to the vulnerability of agriculture in the region and 


will continue to do so.  In the Estancia there has been a long process of frustration and 


economic decline.  The reducing rainfall has lowered productivity and the severe and on-


going impacts of the 1991 eruption have put significant pressure on many farmers.  Shaquib 


Hamer said over 300 farms had been abandoned there.   


 


 


 


2.6 Study Area 4: Santa Cruz coastal zone 


 
2.6.1 Overview of Area 


In order to assess agricultural regions which received thinner and finer ash fall in distal areas 


we travelled south along the main coastal highway from Comodoro Rivadavia to Puerto San 
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Julian.  This route travelled almost perpendicular to the plume axis.  It allowed brief 


assessment of areas on the fringe of the plume and areas in the centre of the plume, where 


ashfall was thickest.  Two main towns were visited, Tres Cerros in the centre of the plume 


axis and Puerto San Julian on the edges of the plume.  The character and economic 


performance of the region has been developed on agricultural production.  But the effects of 


the eruption and reducing regional rainfall have greatly threatened this.  Interviewees in each 


location said the eruption has been responsible for severe economic and environmental 


impacts.    


 


Tres Cerros is a small desolate village on the main coastal highway (GPS 079), consisting of 


a petrol station/garage, restaurant and motel, and 4-5 houses.  The area received 40-50 mm 


of ashfall and experienced severe impacts from wind-blown remobilised ash during the 


following months and years after the eruption.  The town is a relief stop for highway motorists 


and a small service centre for the extensive pastoral farming which surrounds the area. 


 


Puerto San Julian is a town of #### people.  A port of call for Magellen in ####, the town has 


traditionally been an agricultural service town.  Alberto James Alder (former Mayor) said the 


collapse of the regional economy has only been saved by a gold and silver mine opening in 


1994.  The town received 5-10mm (Naranjo et al., 1991) of ashfall during the eruption and 


was also impacted by the remobilised ash during windstorms.   


 


Experiences of interviewees and reported damage caused by the 1991 Hudson eruption in 


Study Area 4 offers a contrast to the other study areas, with agricultural systems significant 


different here resulting in different challenges for farmers, but also the fine grainsize of the 


ash also resulted in very different impacts.  Several interviewees said that because of the 


fine grainsize this area was the most severely impacted of all areas impacted by the eruption. 


 


 
2.6.2 Response to the 1991 Eruption 


2.6.2.1 Warning 


No official warning was received in Tres Cerros or Puerto San Julian.  The first news was 


reported from Chile, with Comodoro Rivadavia municipality relaying information onto Puerto 


San Julian municipality (Antonio Tomassso).   


 


 
2.6.2.2 Ashfall 


As in proximal areas, interviewees recalled 3 days of „night‟ (due to blocked sunlight).  


Alberto James Alder, the former Mayor of Puerto San Julian, recalled being very surprised to 


be experiencing ashfall from a volcanic eruption in Chile on the Argentine Atlantic coast.  


Most interviewees recall the ashfall mantling the landscape and the extremely strong winds 


from the northwest which accompanied the ashfall. 


 


Alberto James Alder said the worst period in Puerto San Julian was the 5-6 months following 


the eruption.  During this period vehicle transport was essentially shut down due to the 


extremely poor visibility, making it extremely easy to get lost, crash or leave the road.   
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In Tres Cerros, Don Hugo Ciselli said it was like night for nearly 1 month due to the 


remobilised fine ash being blown through the area.  The wind-blown ash was described as 


being extremely fine, like talc powder.  During the 5 years following the eruption the 


remobilised ash caused severe problems for agriculture, covering feed, impacting animals, 


disrupting transport systems and contaminating houses.  Despite the wind depositing 


significant quantities of ash into the sea, each windstorm was a significant problem with the 


fine ash easily remobilised.  Rainfall reportedly had little effect at suppressing the ash, as it 


would simply dry out and was remobilised by the next windstorm (annual rainfall was 


reportedly 120mm/yr; Don Hugo Ciselli).  This hazard continues today, but at a greatly 


reduced intensity.    


 
 


2.6.2.3 Clean-up 


The relatively thin ashfall in this region, meant there were no threats of structural damage to 


buildings.  There were no municipal clean up operations in Puerto San Julian, the ash was 


instead left to simply blow away.  However ash contamination of household and building 


interiors was reported by nearly all interviewees as being a significant hazard.   


 
2.6.2.4 Human Evacuation & Farm Abandonment 


Many farmers temporarily left their farms due to the severe ashy conditions.  Remobilised 


ash from strong winds and the ashy environment contaminated nearly every exposed surface 


and made houses very difficult to live in.  Many older people were forced off their farms.  This 


was very difficult for them, as they only knew sheep farming (Alberto James Alder).   


 


Don Hugo Ciselli estimated 70-80% of people have left the Tres Cerros area (~100 people).  


He said that ~50 farms have been abandoned in the area, but not sold, although recently 2-3 


people have returned. 


 


Alberto James Alder said approximately 7,000 people were forced from their farms in the 


Puerto San Julian region.  Most apparently evacuated their farms immediately and headed 


towards for town or relatives.  Most went back to check on their farms but realised sheep 


farming was no longer viable. 


 


Antonio Tomassso, a farmer now residing in Puerto San Julian, said the experience was very 


depressing, watching the fortunes of his farm vanishing.  His workers demanded to be paid 


and left, realising the severe impact.  Sn. Tomassso said the abandonment of farms is 


strongly correlated to the ash plume.  He said few farmers remain in this area, with the 


central zone (area between Los Antiguos and the coast) being the worst affected. 


 


In Puerto San Julian, the municipality took on the role of providing evacuated farmers with 


bedding and food (up to 300 at one stage; Alberto James Alder, pers. comm., 2008).  The 


farmers returned regularly to clean their properties. The municipality tried to give displaced 


people work as there was no government support for them, but there was just nothing to do.  


As agriculture provided the backbone of the regional economy and social character, this had 


a significant impact.  The community loaned money to try and assist farmers through the 
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crisis in recognition of their important role and to provide a social welfare net.  But ultimately 


recovery was too slow or never occurred to many farmers.   


 


 
2.6.3 Impacts and Recovery of Agriculture 


Extensive pastoral farming, with very low stocking rates, dominates this region.  Low rainfall 


and high winds results in limited vegetation growth.  The area is reportedly also experiencing 


reduced rainfall over the past 20-30 years, which appeared to have exacerbated the 


sensitivity of agricultural systems to the effects of the 1991 eruption and stiffed the recovery.   


 


Interviewed farmers said the eruption and its aftermath was an extremely disheartening 


experience, where farmers felt they couldn‟t mitigate the effects; rather they were forced into 


a totally responsive mode.  Most people said there were forced to adopt an ethos of day-to-


day recovery. 


 


Several interviewees were particularly critical about comments made by the Argentine Vice 


President who said there would be short term impacts, but long term benefits for the soil 


turning the region into a paradise.  However this has clearly has not happened and has been 


a source of frustration for affected farmers. 


 


Farming methods appeared not to have changed on farms that are still operating, although 


stocking rates are now much lower.   


 


 
2.6.3.1 Pastures 


The fine ash mantled the landscape, covering all vegetation, following the ashfall and often 


following windstorm events.  The ash was reported to chemically burn and cause significant 


abrasion to vegetation when blown by the wind.  The ash was continually remobilised, which 


greatly stunted the new growth of vegetation making regeneration very difficult and making 


livestock farming untenable. Don Hugo Ciselli said it was only around 2000 that vegetation  


began to re-establish.   


 


The ash reportedly dried out the soil, apparently reducing water holding capacity.  There 


were reports that the ash should be cultivated into the soil, but Don Hugo Ciselli reported that 


the ash did not mix well with the soil. The ashfall has reportedly not had any noticeable 


beneficial effect in this area.   


 


Antonio Tomassso (Puerto San Julian) said there was no strategy for soil rehabilitation, 


which he believed was a gap in the recovery.  


 


 
2.6.3.2 Animals 


Sheep suffered extreme problems.  The ash coated feed and acted like sandpaper to the 


grazing teeth, grinding fangs on front teeth and molars so the animals couldn‟t eat, ultimately 


leading to death.  Sheep in the area are typically a merino-corridale cross, so their fine wool 
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trapped the fine ash and significant loads were accumulated.  Many sheep which died were 


pregnant (3-4 kg) and had 10-18 kg of ash in their wool.  Antonio Tomassso said this was 


just too much weight for hungry and weak animals to cope with. 


 


In this region livestock typically source drinking water from shallow lakes.  Ashfall and wind-


blown ash filled the low depressions, turning lakes into muddy swamps where livestock 


became stuck and often died.  There were several reports of dead sheep lining the edges of 


such lake, trapped within the ashy mud and sometimes piled 2-3 deep (Antonio Tomassso,). 


 


Experiences included: 


- On a 60,000 ha farm at Rio Gallegos 3,000 of the 15,000 sheep died mainly due to ash 


ingestion and starvation from ash covered feed and ground teeth inhibiting eating.  


 


- Don Hugo Ciselli reported running 12,000 sheep before the eruption on his 20,000 ha 


ranch.  He reported that by 25th August (12 days after the first ashfall) most of his sheep had 


severely abraded their teeth trying to eat ashy feed.  In the first 30 days 6,000 animals were 


lost and by the end of 1991 a total of 11,000 animals had died Those that remained were 


without their front teeth. . 


 


- When sheep were shorn following the eruption in 1991/92 the fleeces weighed 10-12 kg, 


well up from the usual 3.5 kg due to the ash trapped within the fleece.  Shearer‟s combs 


were badly abraded, wearing out much faster than normal.  Farmers with sufficient financial 


reserves could afford to shear the sheep, but young, poor farmers were unable to afford to 


shear sheep when the wool was worthless (Alberto James Alder).  But this led to the sheep 


suffering from a heavy fleece.  Stored wool was contaminated inside shearing sheds, ruining 


it for sale.   


 


 
2.6.3.3 Livestock Evacuation 


Livestock evacuation was not considered in Tres Cerros as there was nowhere to evacuate 


them to. It was extremely difficult to muster the sheep in the ashy conditions (huge distances 


needed to be travelled) and the livestock rapidly developed severe tooth abrasion, making 


them worthless. 


 


In Puerto San Julian some farmers evacuated stock by truck to areas outside of the plume 


area, renting them to others.  Alberto James Alder said typically only farmers who had the 


financial capacity were able to do this.  Some who wished to evacuate couldn‟t, as the truck 


just didn‟t come in time. 


 


 
2.6.3.4 Agricultural Machinery 


Fine ash penetrated motors and caused extensive damage.  Filters were regularly changed, 


but the ash still got into the engines.  Don Hugo Ciselli said much of his time in the months 


following the eruption was spent cleaning motors with compressed air.   Engine oil thickened 


due to contamination of suspended fine ash, providing poor lubrication for the engine and 


would not drain easily from the engine when changed.  Engines lost power due to the 







 


55 
 


thickened oil and blocked filters.  Many engines required frequent reconditioning, where all 


abraded parts required replacement.  Every 15 days filters and oil would be changed 


following the initial ashfall and each subsequent windstorm event.  In some cases a 


turbocharger would be installed to push air out so there was less chance of ash ingestion to 


the engine.  In Puerto San Julian sacks were placed over air filters to try filter some ash out 


but they simply filled with ash along with the air filters, unless regularly changed or cleaned 


(Alberto James Alder).  The exteriors of vehicles were abraded, as if by sand paper. 


 


 
2.6.4 Long-term Social Impacts & Agricultural Adjustment 


Agricultural losses appeared to be very severe in this region.  However, it was difficult to 


discern in the study the relative roles of prolonged-drought and climate change on 


decreasing agricultural productivity.  Declining wool prices were another pressure on farming 


in the region; Argentina has suffered a series of economic crises.  There is no doubt that the 


effects of the ashfall and on-going remobilization of ash have been a severe environmental, 


agricultural and health hazard, but it is unlikely this was the sole reason for the large scale 


farm abandonment we were reported.  We propose other factors contributed to increasing 


the vulnerability of farming in the region to external shocks and the eruption was severe 


enough to force many farmers from their land.  


 


Don Hugo Ciselli was asked what would happen if the eruption occurred at a different time of 


year (e.g. February). He said the impacts would ultimately be the same in the long term.  He 


acknowledged there would probably be less initial sheep deaths but the ash coverage of feed 


would have caused abrasion of teeth, resulting in the same loses. 


 


 
2.6.5 Government Assistance 


Government provided long-term loans for livestock replacement, however this was generally 


not taken up as more livestock could not be carried on the farm and there was nowhere to 


evacuate replacement livestock to (Don Hugo Ciselli). 


 


The only aid Puerto San Julian received from central government was 200 bottles of water 


and some roofing iron (Alberto James Alder).  No officials visited the area, despite persistent 


communication with the Minister of Civil Defence.     


 


 


 


2.7 Agricultural Aid/Assistance 


Agricultural aid and recovery assistance distributed in impacted areas is summarised below. 


 


 
2.7.1 Chile 


Two agricultural agencies managed the Chilean response and recovery to agricultural 


impacts from the 1991 Hudson eruption: SAG and INDAP.  SAG is responsible for 
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agricultural health, vegetation health and protection of natural resources.  INDAP operations 


are based around assisting small farmers to develop and grow their business.  This agency 


was the specific government agency that distributed aid from central government to small-


scale farmers.   


 


INDAP and SAG staff were deployed to the region to assess impacts, report to aid managers 


on the severity of damage and what aid is appropriate, ensure basic needs are met, and 


assist in aiding the recovery process for farmers.  Several of the interviewed INDAP and 


SAG officials in the regional agricultural office at Coihaique were involved in the emergency 


response to the 1991 eruption.  All said the eruption had been a total surprise.  The response 


was hindered by the lack of a clear response plan.  There were a number of government 


agencies active in the region, each trying to respond to their own requirements in isolation 


with little co-ordination. 


 


Reports by agricultural scientists at the time estimated recovery would take ~20 years 


(Regional Chief of INDAP).  Regional agricultural officials in Coihaique did not believe there 


had been a significant change in farming techniques, rather farmers simply reduced their 


stocking rate (Don Julio Cerda Cordero, SAG Vet; Regional head of INDAP).  They said the 


recovery process is still occurring, but were confident agricultural activity will return to the 


previous level of activity in most places within several generations.  Don Julio Cerda Cordero 


believed that by 1996/97 the interior had returned to “…acceptable levels of productivity, 


although there were very few animals in the area, especially around Cajon Coire.  The rest of 


the area was back to normal”.  This did not correspond to accounts from interviewed Chilean 


farmers who believed their farms had suffered a severe decrease in agricultural productivity. 


 


INDAP was responsible for the recovery of small farmers.  Assistance was primarily centred 


on providing livestock food, manpower and evacuation coordination assistance during the 


crisis.  In the recovery phase assistance centered on credit assistance and advice for small 


farmers.  They aimed to diversify production through the introduction of green houses (for 


horticulture). There was no direct measure to assist farmers resettle elsewhere, or any 


ongoing social welfare support.   


 


Interviewees in all visited impacted areas (Interior, Puerto Ibanez, and Chile Chico) said 


INDAP had given lessons on how to manage post-ashfall, such as using greenhouses and 


plastic sheeting to protect against wind-blown ash, planting appropriate seeds and managing 


the soil.  Farmers that had attended believed these programs were excellent, but there was 


relatively poor participation by most local farmers.  There was reportedly good uptake of 


credit assistance and widespread adoption of greenhouses by farmers close to Puerto 


Ibanez to avoid problems from windblown ash and provide additional income (a key 


recommendation by INDAP).  Greenhouses were rarely observed on farms more than 


several kilometers from the town, although one was observed 20 kilometers away close to 


Cerro Castillo village.  Sn. Juan Mercegui said people were very angry the government didn‟t 


just hand out aid (material goods or money), rather than utilizing the aid programs offered by 


the government and trying to farm their way out of the adverse situation.  He said the 


government gave impacted people a huge opportunity to rehabilitate their farms, and the 


people who did take advantage of these programs often did very well, but this was a small 


minority of affected farmers.  Potato and grass seed were distributed to farmers, but this was 
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mostly just sold off.  


 


A key activity of the SAG and INDAP was providing emergency feed for livestock to be 


evacuated.  Although livestock feed supplies ran out quickly due to dramatic underestimation 


of livestock in the area.   


 


A long term solution to devastated farms centred around a program where the Ministry of 


Public Works, as the agency that deals with all government property and land, offered to 


purchase abandoned farms.  To be eligible such farms had to be within ~60 km radius of the 


volcano.  Current regional head of INDAP said that a high percentage of eligible farmers 


accepted this offer.  Farmers have been given the first right of purchase, which some are 


now beginning to take advantage of.  This measure and loans were used to assist many 


farmers and in-effect provided them with the means to relocate. Current regional head of 


INDAP said many of the farmers used this money to rent farms in neighbouring regions not 


impacted by the ashfall, allowing them to continue farming.  Some people have now begun to 


return to their abandoned farms and buying back the farms.  Mrs. Blanca Mawreria Garcia, 


head of the local INDAP office in Puerto Ibanez, said farmers in the “interior” are still badly 


affected, but they don‟t get any special aid beyond what everyone else gets.   


 


In Chile Chico a key government aid programme for the Chile Chico area was restoration 


and expansion of the irrigation system.   Sourced from the river, this scheme has greatly 


aided recovery in the area and promoted on-going increases in agricultural productivity and 


intensification by providing reliable and relatively secure water access for livestock and 


increasingly horticultural farming practices. 


 


There was mixed farmer opinions about the quality and efficacy of the Chilean government 


aid response.  Some farmers had been pleased with the government assistance program, 


especially the provision of feed for livestock during the initial evacuation.  Several farmers 


were critical about the time it took for government agencies to reach the area and start 


assisting in the emergency response.  Many were disappointed there was not more 


assistance to evacuate their animals, or compensation for the losses they took.  


 


There was apparently very little assistance from the government for those who did not own 


land (i.e. social welfare).  Several interviewees said as there was no infrastructure losses 


here, beyond sedimentation of the port, there was no real government assistance. 


 


 
2.7.2 Argentina 


Ananias Jonnutz – Productov anecdotally said the central government gave ~$10 million aid 


given to farmers following the declaration of an emergency zone to assist in response and 


recovery.  A 30% subsidy for wool assisted farmers trying to cope with a dramatic reduction 


in wool sales following the eruption.   


 


Crop and livestock failures led Argentina to provide an aid subsidy to farmers.  Government 


records of farm productivity allowed a measure of the level of impact and the subsidy was 


adjusted accordingly.  Most farmers in Perito Moreno reportedly took advantage of the 
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government subsidy buying more livestock, whilst others simply “bought a new ute and left” 


(Farmer 22).  The only long term aid was the provision of aid for livestock purchase (Shaquib 


Hamer).  Several interviewed farmers in Argentina complained about the lack of an agency to 


manage the long term rehabilitation and recovery of small farmers (i.e. INDAP equivalent in 


Chile).   
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2.8 Soil Fertility Sampling 


 
2.8.1 Overview 


Soil samples were collected from various locations in Chile and Argentina to investigate the 


long term chemical fertility changes following the eruption.  The lack of baseline data 


prohibits detailed comparative analysis, however this data does offer insights into the effect 


ashfall has on fertility over the long-term. 


 


Soil fertility can be separated into physical and chemical fertility.  Physical fertility may be 


maintained for 10‟s to even 100‟s of years  if the soil maintains a low bulk density, clays, fine 


grainsize and a thick media.  Chemical fertility however is what is often lost following ash 


burial.  Many of the key elements leach out.  But given sufficient time this can be restored 


with vegetation and fertilisation much readily than trying to develop a new physical medium. 


 


Carbon and Nitrogen ratios would be very interesting to see here.  Identify key factors 


which cause problems.  These two are really the key...once they are in the system then 


other plant plants will begin to grow. 


 


Will plot up grainsize, bulk density, and land-use situation about the results....i.e. the 


% below 2mm etc.  Correlate the landuse with the low vs high results – see if there is a 


link there 


 
2.8.2 Topsoil 


Ca trend up – relation to the dry land...away from mountains and into a sedimentary/arid 


environment. 


 


P is pretty low everywhere, but fluctuates significantly.  Olsen P is a reflection of land-


use...i.e. any fertiliser distribution (we know there has been none) or mixing of the paleosol 


into the top soil, return of dung (ranch paddock!!).  The residual P is pretty good in some of 


the Paleosol samples.  Where there has been good mixing may account for elevated top soil 


P levels.   


 


For a Dacite eruption such as this...there shouldn‟t be much Mg in the ash...so Mg shouldn‟t 


be affected from the ash too much.  This is a good point...check on the composition of the 


ash and see what should be lifted and what is missing – from the soil fert analyses. 


 


H29 is possibly from the mixing of the paleosol into the topsoil...reflects the peak of K and 


other elements...  


 


H31 – confusing as to why this is sooooo low....CEC=0...why?  Remember the others from 


the area have been mixed topsoil with paleosol. 


 


Don‟t worry about Na...probably not useful here 


 


CEC will reflect grainsize...increased surface area.  This is probably the most useful valuable 
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indicator of the value of the soil. 


 


 
2.8.3 Paleosol  


 S spike is probably just a local effect...local accumulation? 


 


Values are pretty similar to the topsoil for the most part...chemical fertility is pretty low.   


 


Paleosol reflects a negatively-skewed perspective of a low chemical fertility topsoil. 


 


Low bulk density – shows that it is loosely packed  


 


Where the soil is fine there is typically higher organic material the higher the CEC is 


typically....either this or the CEC is pushed up by high clay content.  CEC gives an indication 


of the fines and cations....it also reflects the state of what the soil can develop to. 


 


 
2.8.4 Summary 


Chemical impacts are not the main factor for recovery... impacts which are the most 


damaging are more likely to come from physical conditions, such as water holding capacity, 


climatic conditions, and mixing of soil with ash.     
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3.0 IMPACTS ON SURFACE WATERS AND WATER SUPPLIES 


3.1 Water Supplies 


Water supplies are derived from a range of sources in the field area; these include 


groundwater wells, surface water extraction, an intake from Lago General Carrera/Lago 


Buenos Aires, and spring-fed supplies. In general, surface waters are used for irrigation, and 


groundwaters and spring-fed supplies are used for municipal supply. The climate of Santa 


Cruz province can be described as arid and windy, and horticulture in the region is heavily 


dependent on irrigation.  


 


In areas with extensive systems of open channel flood irrigation systems, such as Los 


Antiguos and Puerto Ingeniero Ibáñez (Figures 20 and 21), irrigation ditches reportedly 


became blocked and had to be dug out manually. Problems persisted for a period of one to 


two years after the eruption owing to windblown ash recontaminating ditches. There were 


reportedly some problems with abrasional and corrosional damage to metal fittings in 


irrigation systems.  


 


Water supplies, impacts from ash contamination and recovery of supplies are summarised 


for each Study Area below: 


 


 
 
Figure 20  Intake from stream for flood irrigation system, Puerto Ingeniero Ibáñez 
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Figure 21  Open channel flood irrigation system, Puerto Ingeniero Ibáñez 
 
 


 
3.1.1 Study Area 1 


Water supplies were not as vulnerable to the heavy ashfall deposition as expected.  Reports 


from interviewed farmers indicated that many of the farms sourced their water from springs, 


which remained relatively clear throughout the ashfall and during the following period of 


wind-blown ash.  The snow and ash that fell on springs simply washed away (Hernan Iraira).  


Some reported having to dig out their water channels, although they were able to maintain 


clean water supplies for the household and livestock (e.g. Angel Dias).  One farmer said his 


stream-sourced water supplies were contaminated, so had to let water sit and allow the ash 


to settle out before it could be drunk.  Rosa Chacan‟s farm used an open well which filled 


with ash during the eruption (500-600 mm of ashfall at this farm) and they needed to go all 


the way to Cerro Castillio for water.  When they returned in 1995 they simply drank the water, 


but were worried there might be some chemical contamination (Rosa Chacan).   


 


Don Julio Cerda Cordero said that water was critical in the immediate post-eruption period,  


but it is for any form of farming, so it was merely heightened during this period.  When 


supplies were compromised it made people really appreciate how much reliance they had on 


water access.  Don Julio Cerda Cordero observed that animals typically drank water 


regardless of ash content.  In areas that had a good clear spring, farmers would put a fence 


around it so livestock could not get to it and muddy/destroy the source (farms typically had 


no water storage facility in 1991 or in 2008). 
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There were no reports of chemical contamination of water supplies. 


 


Farm water supply vulnerability appeared to reduce considerably with end of ash-storms.  


Ruben Vasquez reported that since his arrival in 1994 his spring feed stream water supplies 


have always been uncontaminated. 


 


 


 
3.1.2 Study Area 2 


3.1.2.1 Puerto Ibanez Town Supply 


The P.I. water supply is fed from natural springs in hills to the north of the town and flows in 


an open channel to P.I.  The supply was contaminated following the 1991 ash fall, however 


accounts vary as to for how long.  One interviewee recalled the town water supply becoming 


highly turbid, but it cleared rapidly within 1-2 days.  Another recalled the supply was „quite 


muddy‟, especially in the 2-3 weeks after the event and following wind storms for several 


years afterwards (Seamstress).  Farmer 8 said there was a large amount of ash around the 


water supply intake which was washed and blown into the supply causing an on-going 


problem.   


 


There were no reports of ash damaging the water supply infrastructure.  There were no 


reports of any problems with ash continuing to contaminate water supplies. 


 


 
3.1.2.2 Surrounding Farms Water Supplies 


Farm drinking and irrigation water supplies in the surrounds of P.I. that are not connected to 


the town water supply had mixed experiences during the eruption.  Farms are typically 


irrigated from gravity fed water using ditch/flood irrigation.  Surface water supplies (open river 


intakes and ditch irrigation network) were contaminated during the ash fall and on-going 


contamination occurred for several months due to the on-going remobilisation of ash by wind 


due (Farmer 8; Farmer 10).  One farmer said his water supply was affected by remobilised 


ash contamination for several years following the eruption (Farmer 9).  Irrigation channels 


that had filled with ash during the initial ash fall and on-going wind storms took approximately 


two months for people to dig out (Luis Neri, ; Farmer 9).  On-going cleaning was required for 


several years, although impacts here did not appear to be as severe as at Chile Chico or Los 


Antiguos.    


 


Farm drinking water supplies were typically contaminated by ash fall causing high turbidity, 


i.e. “the water was very muddy and we had to drink fizzy drinks” (Farmer 8).  Most famers 


said there were no chemical impacts from ash contaminated water (e.g. Farmer 8).  However 


one farmer several kilometres from P.I. whose surface water supplies were contaminated by 


ash recalled the water was highly turbid and had a strong smell and taste of sulphur (Farmer 


12).  The farm reverted to drinking water from a well; however this ran out after ~15 days 


forcing them to rely on drinking water distributed by the Fire Brigade and the contaminated 


water surface water supply when required (Farmer 12).  One farmer said water supplies were 
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ok throughout the eruption and following (Farmer 11). 


 


Luis Neri (farmed 20 km west of Puerto Ibanez) had a 9 m well that was uncontaminated by 


the ashfall.  They were able to distribute clean water to those whose water supplies had 


become contaminated by ash.  The fire brigade distributed water, but it was extremely 


limited, with each household only receiving 10L per day.  Whilst some people used well 


water, many simply took their livestock down to the Rio Ibanez for them to drink.   


 


 
3.1.3 Study Area 3 


3.1.3.1 Irrigation Supplies 


Open channel flood irrigation systems are used in Chile Chico, Los Antiguos and Perito 


Moreno. Border dyke flood irrigation is used, with small dykes (~ 0.5 m high) bordering 


paddocks and in some horticultural and orchard paddocks running the length of the paddock 


at intervals of several metres (Figure ##).  Small hand operated gates control the flow (Figure 


##) 


 


Irrigation is the key to intensive agriculture and horticulture.  The transition from relatively 


desolate meseta to fruitful agriculture within 50m is due to access to irrigation water.  Un-


irrigated paddocks close to town look relatively unproductive, filled with low scrub and little 


useful livestock food.   


 


The irrigation systems in all locations were heavily contaminated by the ash and often 


blocked by ash in many areas.  Water supply had to be cut and then the ash dug out, which 


was a very time consuming activity.  In both Chile Chico and Los Antiguos the irrigation 


channels heavy ash sedimentation required digging out, which most interviewees said took 


2-3 months following teh eruption.  On-going ash deposition in farm irrigation canals from 


remobilised wind-blown ash continually hampered irrigation operation.  Canals required 


regular cleaning for 2-3 years following the eruption.  Poplar trees commonly trapped ash at 


their bases, which if not cleaned up would commonly remobilise (Shaquib Hamer).  Local 


rivers, including those from which irrigation water is sourced in Chile Chico and Los Antiguos, 


reportedly still carry a high load of ash during rainstorm events.  Only small small-scale farm 


canals were blocked by ash deposits in Perito Moreno, reflecting the thinner ash deposits 


(Shaquib Hamer).  


 


Sheep however reportedly did not hesitate to drink contaminated water supplies.  In cases 


where water access was blocked or compromised due to heavy sedimentation, water could 


simply be pumped out of the lake with few problems (Victor Valdivia). 


 


 
Figure ## - Irrigation water intake on the Los Antiguos river consists of a gabion basket dam, which 
acts as a coarse filter for sticks and other large objects.  Stop-bank structures divert some river flow 
into the irrigation scheme intake.   


 


 
3.1.3.2 Town Water Supplies 
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Chile Chico 


Surface drinking water supplies were contaminated following the eruption in Chile Chico, but 


many households had groundwater wells which operated successfully.  Some rural homes 


on the outskirts of Chile Chico relied on open surface water supplies which were heavily 


contaminated with ashfall.  In such cases the fire brigade distributed clean water.  For some 


of these houses water supplies are still contaminated by wind-blown ash.   


 


 
Los Antiguos 


In Los Antiguos a reticulated water supply system has now been installed, with water 


sourced from aquifers, stored in tanks and piped via the water supply system (Deputy Mayor, 


Los Antiguos).  Waste water in 1991 was essentially deposited in long drops and sewage 


trucks subsequently sucked it out.  Now there is a sewage system and treatment plant 


(Deputy Mayor, Los Antiguos).  Irrigation water is distributed from the Los Antiguos River via 


an open water canal network.   


 


Following the ashfall, the channel irrigation which also served as domestic water supplies for 


some farms was cut off for 1 month to allow the small irrigation channels to be dug out.  The 


water was reported “like liquid aluminium” due to the very high turbidity.  In some cases the 


manteling effect of the ash totally filled water cannels, making it difficult to see where they 


were.  The municipality used diggers over several months to dig out the main distribution 


network of channels, whilst farmers dug out their own smaller channels, usually by hand.  


The water from the river was very turbid with a high concentration of suspended ash for 


many months following the ashfall, which created an on-going hazard as it continually 


deposited in canals requiring cleaning.   Enclosed irrigation canals under roads blocked due 


to heavy sedimentation and required difficult and prolonged cleaning. 


 


There were strong initial fears that the ash was chemically contaminating the water (Deputy 


Mayor, Los Antiguos).  There was noticeable contamination by surface waters with sulphur 


leached from the ash and high turbidity levels.  However, no metallic taste was reported, as 


may be expected from high pH or heavy metal contamination (Stewart et al., 2006).  


Suspended ash clogged water filters and caused problems in normal water treatment 


processes.  A huge volume of mineral water was brought in and distributed from trucks so 


that people had sufficient supplies to drink.  The ash had a corrosive effect on water supply 


fittings.   


 


Amador Gonzalez (Secretary of Public Works for Los Antiguos) said no tests giving a full 


analysis of water chemistry were released by the water supply company.  They simply said 


the tests had indicated there were no toxic levels of chemical contamination in the water.  


The water supply was simply cleaned out and treated like normal (Deputy Mayor, Los 


Antiguos).  The same source is used today.   


 


There were no reports of impacts to human health from contaminated water supplies. 


 


There were reportedly no on-going water impacts from the ashfall, beyond sedimentation of 


exposed supplies from remobilised ash.  This was more nuisance value than a significant 
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problem.  There were however deep concerns about climate change in the area, with 


rainfalls decreasing over the long term.  One farmer anecdotally told us average annual 


rainfall is usually ~ 360 mm, whilst in 2007 they only received 180 mm.   


 


 
Perito Moreno 


Water supplies for Perito Moreno were derived from local aquifers.  Many chose not to drink 


this water following the ashfall due to fears of possible of possible chemical contamination 


(Joses Guillermo Bilardo).  Mineral water was trucked in, although due to the loss of 


transport routes there was a delay in sufficient quantities arriving (Joses Guillermo Bilardo). 


Ultimately no contamination was detected in the water allowing normal supply to resume.   


 


 
3.1.4 Study Area 4 


Domestic water supplies in Tres Cerros were not impacted as they were sourced from 100-


120 m deep wells, common to the area.  Electric and wind powered pumps are used, but 


both have been badly impacted due to abrasive impact on pumps requiring continual 


maintenance even today (Don Hugo Ciselli).  The water itself was apparently never 


contaminated.   


 


In Puerto San Julian similarly ash clogged up the bearings in Antonio Tomassso‟s windmill 


causing it to seize.  This compromised water supply access for the household.   


 


Livestock drinking lakes impacted by the ash reportedly cleaned up relatively quickly, 


especially as ash began to stablise. 


 


Municipal water supplies in Puerto San Julian township were apparently never disrupted, but 


there were problems with ash causing damage to submersible pumps (Former Mayor).   The 


pumps were blocked by ash falling into the open wells and their impellors were severely 


abraded.  This forced water conservation practices, with sectors of town given water 


systematically for several days and then shut off.  This allowed people to fill their domestic 


tanks (Former Mayor).  Pipes underground (frost protection) (0.8 – 1 m depth).  There were 


no reported toxicity problems.   
 
 


3.2 Surface Waters 


In their investigation of the 1991 eruption of Hudson Volcano, Iven and Banks (1991) 


sampled a range of surface waters and potable water samples for chemical analysis, with 


particular attention paid to the possibility of a fluorosis hazard. They also analysed ash 


leachate samples and grass samples from areas that received ashfall. Fluorine did appear to 


be elevated above normal background levels in plants covered by ash from the northern 


basaltic plume, but returned to background levels soon after the eruption. Ash from the far 


more extensive SE-directed plume did not contain elevated levels of fluorine. The overall 


conclusion of the authors was that there was essentially no likelihood of acute fluorosis for 


grazing animals or humans in regions of Chile and Argentina affected by the eruption, and an 
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uncertain, but unlikely, potential for chronic fluorosis in the same areas. This finding was 


confirmed by Rubin et al. (1994) who evaluated the fluorosis hazard for grazing animals, 


particularly sheep. These authors concluded that the widespread sheep deaths resulted from 


the physical rather than the chemical properties of the ash. 


  
 
Figure 22   Wind-driven groundwater pump, Tres Cerros, coastal Santa Cruz 


 


Iven and Banks (1991) also determined the pH and conductivity of natural and potable water 


samples collected in the depositional areas of the 1991 eruption, together with the fluoride 


and chloride content. In general, these parameters indicated only minor effects on water 


chemistry from the deposition and leaching of the ash. Only one sample of drinking water 


(from Puerto Murta) exceeded the Chilean standard for fluoride in drinking water of 1.5 mg/L; 


this sample contained 3 mg/L.  


 


For the current study, field measurements (pH and conductivity) were recorded in surface 


waters in the depositional area of the 1991 eruption. Samples were also collected for later 


determination of fluoride and chloride content. Results will be reported in full in our later 


report.  
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3.3 Field water quality data 


Field measurements (pH, temperature and conductivity) were recorded in surface waters in 


17 locations in the depositional area of the 1991 eruption, including the Ibanez and Murta 


river valleys, Lago General Carerra/Buenos Aires, Chile Chico and Los Antiguos (Table 1). A 


further site (TW12) located outside the depositional area was included for comparison. At 12 


of the field sites, water samples were collected in 600 mL prerinsed polyethylene bottles. 


Analyses of fluoride, chloride and suspended solid content were carried out at the Wairakei 


Analytical Laboratory.  


 


Ionic strength (μS/cm) was generally low (Table 1 with conductivity on average 212±122 


μS/cm. Low ionic strength is indicative of a rainfall-dominated (rather than weathering-


dominated) river system. Ionic strength was generally lowest in the main Ibanez river system, 


and higher in small tributaries, lakes and irrigation channels.  


 


When compared with earlier datasets (Figure x), it is clear fluoride and chloride 


concentrations are much lower in the 2008 data set (Table x). Previous studies (Banks and 


Iven 1991, Bitschene et al. 1991) did not establish baseline conditions, and were therefore 


unable to conclude if the eruption had influenced the chemistry of surface waters in the 


depositional zone. We tentatively conclude that:  


 Our 2008 dataset for fluoride and chloride concentrations in surface waters in the 


depositional zone of the 1991 eruption of Hudson volcano provides a set of baseline 


data for fluoride and chloride content of these waters; and  


 There is no evidence for any continuing influence of the 1991 eruption on surface 


water chemistry in this region.  


 


During the 1991 eruption Banks and Iven (1991) estimated that approximately 0.9 km3 of 


tephra was deposited in the Rio Ibanez drainage basin. These authors also predicted 


secondary hydrological hazards (such as breakout floods) would result from the deposition of 


this volume of debris in the catchment. Our observations suggest that the Rio Ibanez is still in 


adjustment, 17 years later. Several interviewees reported that there has been significant 


damming of the river in many places, as might be expected from a significant sediment input. 


The river now appears to have moved into a braided system, with significant volumes of 


stored sediment in the bars and terraces in the main river channel (Figures x and x).  


 


Unsurprisingly, suspended solids were found to be very high in samples collected from the 


Rio Ibanez catchment, with a level of 300 mg/L recorded in a sample (TW04) collected in an 


upper tributary of the river in a region of high tephra deposition. In contrast, a sample 


collected from a catchment out of the depositional area (TW12) had a suspended load of 


<1.5 mg/L. In view of the high sediment input, it is relatively unsurprising there is a high 


suspended solid load, as the river system continues to adjust to the massive sediment input. 


The high suspended load is also clearly visible at the delta area where Rio Ibanez flows into 


Lago General Carerra at Puerto Ibanez (Figure 23).  
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Table 1 Water quality data (2008) for surface waters collected in depositional area of 1991 eruption of Hudson volcano 


 
Date GPS 


Sample 
code Locality Source Temp  Conductivity  pH 


Suspended  
solids Fluoride Chloride Notes 


 


 


  


   (
o
C) (μS/cm) (mg/L) (mg/L) (mg/L)      


Murta/Ibanez rivers 
23-Jan-08 3 TW01 


Rio Murta 
catchment River 10.1 126 6.5 21.5 0.02 0.48 


Main Rio Murta (on western side of 
plume).   


  


23-Jan-08 4  
Rio Murta 
catchment River 11.2 121 6.54    


Tributary of Rio Murta: under bridge 
on road up to Portozuelo Cofre, on 
western side.   


  


23-Jan-08 5 TW02 
Rio Murta 
catchment stream 11.6 289 6.77 4.5 0.01 0.7 


Very small tributuary - a small side 
stream running through a small 
farm producing firewood.  


  


23-Jan-08 6  
Rio Murta 
catchment River 14.4 86.2 6.57    Tributary of Rio Murta.  


  


23-Jan 7 TW03 
Rio Ibanez 
catchment River 16.4 199.6 6.57 3 0.03 2.6 Tributary of Rio Ibanez.  


  


23-Jan-08 11 TW04 
Rio Ibanez 
catchment Stream 10.4 140.4 6.54 300 0.02 0.27 


Secondary tributary of Rio Ibanez - 
sample collected from under 
bridge. Reasonably large side 
stream flowing into Ibanez 
catchment from southern side. This 
was a heavy ashfall area.   


  


23-Jan-08   TW05 
Rio Ibanez 
catchment River 18 118 6.7 98 0.03 0.37 


Main Ibanez river. Extensive area 
of dead trees in river bed. Water 
very turbid.   


  


                


Puerto Ibanez day               


24-Jan-08 23 TW06 
Rio Ibanez 
catchment River 18.5 112.7 6.8 70 0.05 0.4 


Lower Ibanez river, on far side of 
airstrip and dune area. Water is 
very turbid.  


  


24-Jan-08 24  
Rio Ibanez 
catchment River 22.7 113.7 7.9    


This was also in the Ibanez river 
several hundred metres upstream 
from GPS23.  


  


24-Jan-08    
Puerto 
Ibanez Stream 19.1 333 7.8    


Stream runs into Lago Buenos 
Aires. Sample collected 20 metres 
upstream from the bridge between 
Ibanez town and ferry wharf. Water 
is derived from this stream for 
irrigation.   


  


                


Chile Chico               


26-Jan-08 48  


Lago 
General 
Carrera Lake 13.4 232 7.1    


Measurements taken in Lago 
General Carrera on Chile Chico 
waterfront  
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Los Antiguos               


27-Jan-08 54 TW07 
Los 
Antiguous 


Irrigation 
ditch 23 179.3 8.77 11 0.03 0.39 


Sample was taken from an 
irrigation canal  
approximately 500 metres below 
intake from main river  


  


27-Jan-08  TW08 
Los 
Antiguous 


Irrigation 
ditch 21.8 189 8.11 10.5 0.02 0.4 


In Los Antiguos town, at eastern 
end of main road (11 de Julio). 
Sample taken from concrete-lined 
channel.   


  


                


28-Jan 58 TW09 
Los 
Antiguous 


Irrigation 
ditch 16.5 179.5 8.17 25.5 0.05 0.32 


irrigation drain by La Querencia 
cherry orchard  


  


                


Ibanez valley               


30-Jan   
Rio Ibanez 
catchment Stream 15 376 7.89    


Very small stream 
 


  


30-Jan-08 76 TW10 
Rio Ibanez 
catchment Stream 15.7 166.1 7.62 <1.5 0.02 0.33 


Larger side stream on western side 
of junction  
Coyhaique/Ibanez/Cerro Castillo; 
stream drains the mountains to the 
north.   


  


30-Jan-08 77 TW11 
Rio Ibanez 
catchment Lake 20.5 570 8.87 <1.5 0.14 2.2 Laguna Morales  


  


31-Jan-08  TW12 


Balmaceda
-Cerro 
Castillo Rd River 8.6 291 7.85 <1.5 0.02 0.27 


On main road back to Coyhaique; 
this was a stream not in the Ibanez 
catchment.   
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Figure 23 – Delta of Rio Ibanez flowing into Lago General Carerra at Puerto Ibanez 
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4.0 IMPACTS OF THE ASHFALL ON OTHER LIFELINES 


 


4.1 Electricity 


Interviewees in Chile Chico and Los Antiguos reported electricity outages, both controlled 


and due to eruption impacts.  There was no loss of electricity Perito Moreno during the 


ashfall (Joses Guillermo Bilardo), but ash accumulation caused electricity lines to collapse in 


Chile Chico during the ashfall.  Ash accumulation on insulator cups also led to several 


reported instances of electrical flashover.   


 


Electricity was generated in Los Antiguos by diesel powered generators in 1991.  The 


municipality cut the electricity because of fears lines may collapse and possible damage to 


the generator.  Lines did not collapse in Los Antiguos, with ash typically just falling off them, 


however they were closely monitored by linesmen throughout the eruption (Deputy Mayor, 


Los Antiguos).  Amador Gonzalez (Secretary of Public Works for Los Antiguos) said the large 


amount of static electricity in the eruption plume impacted voltages, creating voltage surges 


and lightening hazards for both the 220 V domestic supply and the 360 V three phase 


supply.   


 


Electricity was turned off for 1 month in Rio Gallegos following the eruption, so that there was 


no risk of damage to the electrical network.  This was apparently due to the severe 


remobilisation problems associated with the strong winds.  During the eruption Tres Cerros 


and Puerto San Julian did not lose electricity, as they had their own diesel generators.  


These apparently worked successfully throughout the ashy conditions. 


 


 


4.2 Communications 


The eruption cloud created severe lightening hazards.  HF radio receivers in Chile were 


commonly hit by lightning strikes which burnt them out, rendering them useless (Luis 


Fernando Sandoval Figueroa).  Some electrical appliances were also ruined due to 


lightening strikes (Luis Fernando Sandoval Figueroa).  Radio telephones and HF/VHF radios 


were predominantly affected by the lightening hazards.  Luis Fernando Sandoval Figueroa () 


said you could effectively track the where the plume went by who answered their RT. 


 


There was no loss of telephone services in Perito Moreno during the ashfall (Joses Guillermo 


Bilardo).   


 


Radio communications were generally reliable throughout the eruption, but telephone lines 


were cut (presumably from ash falling on lines and collapsing them?).  Sn. Juan Mercegui 


(former Chilean provincial governor) said radio operators were invaluable for communication 


with each town in Chile - usually the school headmaster. 


 


Satellite communications in Los Antiguos failed during the ashfall, such as occurs in a snow 


storm.  HF radio still worked however.  The one phone at the time was cut for several days.   
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4.3 Transport Routes 


The closure and on-going disruption of transport routes due to ash covered roads, poor 


visibility, and impacts to motor vehicles caused significant problems.  In Puerto Moreno the 


closure of roads stopped food and milk arriving, so a bulldozer was used to clear ash from 


the road.  (Joses Guillermo Bilardo).  The road between Perito Moreno and Los Antiguos 


wasn‟t observable beneath the ash deposit.  (Shaquib Hamer).  The Mayor of Perito Moreno 


said the main problem caused by the ashfall at Perito Moreno was the failure of vehicle 


engines in the ashy conditions, which shut down essential movement and commodity 


transport in and out of town (Joses Guillermo Bilardo).   


 


The main coastal highway (Study Area 4) was severely impacted, especially for the first 


month following the eruption due to poor visibility and severe impacts to vehicle engines.  


This created a scarcity of food and other important supplies at Tres Cerros and in Puerto San 


Julian.  In Puerto San Julian the eruption forced the local diet to change, as no sheep were 


available for slaughter and as the roads were cut no beef could reach the town from the 


north.   


 


Driving was possible, but it was very dark during the day.  Filters needed to be changed very 


regularly, with one interviewed truck driver reporting he changed 1 in San Julian and again in 


Tres Cerros.  There were many accidents of the highway due to the poor visibility.  Even with 


lights on motorists couldn‟t see anything on roads (44 km from San Julia) 


 


5.0 EMERGENCY MANAGEMENT 


5.1 Emergency Management 


The main highlight of the emergency response was the avoidance of human fatalities during 


the eruption.  Following interviews with Agricultural, Civil Defence and Municipal officials at 


regional and local levels in Chile and Argentina from the affected areas we were able to build 


a picture of the emergency management response and some of the recovery strategies 


applied following the eruption crisis.   


 


In Chile the primary focus was to ensure human safety, which included providing evacuation 


to humans, and ensuring people had sufficient food and water access.  Chilean Civil Defence 


(OMENI) largely managed this, as the response was broken into area for different agencies 


i.e. SAG and INDAP responded to agricultural needs and impacts; OMENI responded to 


impacts to people (Don Julio Cerda Cordero).  The Chilean army deployed soldiers close 
to the volcano to evacuate severely affected farmers.  Evacuated people often did 
not want to abandon their farms, so they often returned once they had been 
evacuated.  This meant they required a repeat evacuatation, increasing exposure 
and workload for evacuation resources (Luis Fernando Sandoval Figueroa).   
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Don Julio Cerda Cordero (SAG Vet) said the Chilean government response was almost 


totally reactionary.  There was significant confusion most levels of government as to what the 


impacts were and the best type of response.   


 


Medical outposts were established in affected areas, usually with 2-3 paramedics and 


doctors, as well as established hospitals and medical centers in the main centers (Don Julio 


Cerda Cordero, SAG Vet ).  These were set up to treat human health problems.  There were 


apparently few physical health problems, but hysteria and severe anxiety was a significant 


problem (Don Julio Cerda Cordero).  The school in Chile Chico was used as an 
evacuation centre, which farmers evacuated from the estacia utilized.  However fears 
of roof collapse due to the large thickness of ash led to its precautionary 
abandonment (Luis Fernando Sandoval Figueroa). 


 


 


5.2 Local Disaster Relief Structure 


Much of the emergency response and recovery in Chile and Argentina, such as providing 


housing and social welfare, appears to have rested with the local government.  This greatly 


exceeded their operational and financial capacity, particularly when required to buy needed 


aid supplies.  Oscar Albornoz (Municipal Provincial Secretary of Rio Ibanez) said the 


municipal office generally acts as a liaison between the community and other government 


agencies to access services, resources and requirements for the area.  However this mostly 


falls to the municipal office to deal with. 


 


Oscar Albornoz believes the best thing they can do is make people self-sufficient as they can 


look after themselves.  He said the key recommendations he would make for recovery are: 


A strategic plan is essential: 


 plan how resources and efforts will be prioritised 


 continually refer back to the recovery plan (he still refers back to the plan 3-4 times 


annually to check how everything is contributing towards current recovery and 


planning for the next disaster 


 


Don‟t underestimate people‟s incredible attachment to their land.  They will suffer incredible 


personal impacts to their health, land, animals, crops…etc. but they will stay on their land!  


Schemes and programs can be offered to buy back land or evacuate people, but they just 


want to stay despite horrific personal suffering 


 


 


5.3 Argentinean/Chilean Coordination 


Study Area 3 straddles the Chilean-Argentine border allows examination of the cross-border 


response, particularly at Chile Chico and Los Antiguos.  The isolation of Chile Chico from 


other Chilean centers meant long delays in receiving aid (10 days) and there were 


perceptions Argentina provided more assistance than Chile for this border region.  The 


complex relationship between the two border towns is briefly examined and contrasted here.  


It highlights the extreme challenges in providing aid and resources to isolated communities 
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during natural disasters, but also recognizes how successful recovery can be when a 


motivated community pulls together during an adverse event, as experienced at Los 


Antiguos. 


 


 
5.3.1 Chile Chico 


The Chile Chico municipality declared the area an emergency zone, however the first 


assistance arrived from Argentina, not from Chile, which was seized upon by the media and 


was very embarrassing for the Chilean government.  This caused significant anger with the 


residents, who were dismayed that the Argentineans arrived before any substantial Chilean 


response effort (Luis Fernando Sandoval Figueroa).  Luis Fernando Sandoval Figueroa  said 


they were instructed not to assist Argentinean communities, as the Chileans couldn‟t be seen 


helping the Argentines when they couldn‟t assist their own people.  As a result cross border 


collaboration was not as extensive as it could have been.  However, Sn. Juan Mercegui 


(Chilean provincial governor in 1991) said there was close informal interaction with Argentine 


authorities in Los Antiguos.  Los Antiguos municipal officials arrived during the ashfall to 


discuss the available information, coordinate the emergency response and assess impacts.  


He said the Argentines had greater access to heavy equipment to assist with clean up, which 


was a significant assistance.   


 


No interaction occurred between INDAP or any Argentine equivalent, beyond informal 


exchange of information (Regional Head of INDAP, ).   


 


Luis Fernando Sandoval Figueroa said there was a large political backlash to the poor 


Chilean response effort for Chile Chico.  He said it was relatively unsurprising as there were 


just no plans in place, so there was no idea what to do. 


 


 
5.3.2 Los Antiguos 


There was a highly organised response within Los Antiguos for cleanup operations.  An 


emergency zone was declared and people assigned key roles for recovery.  Each block had 


its own team, with each person within the team responsible for a key aspect of the cleanup.  


There was good planning at municipal and ground-level which ensured many problems were 


anticipated before they arose creating a very efficient response.   


 


The Civil Defence Officer of Los Antiguos  said the strong municipal response, led by the 


Mayor, meant there were few social problems.  No robberies/looting were reported once 


people had evacuated houses.  The most significant problems were the mental problems 


invoked whenever people smelt Sulphur, invoking the same anxiety and fear experienced 


during the ashfall (Civil Defence Officer of Los Antiguos, pers. comm., 2008). 


 


The Los Antiguos community was extremely proud of their recovery, which is evidenced by 


their population increasing from 600-700 people in 1991 to over 4000 in 2008.  The tight 


homogenous community appears to have bound together for a strong successful recovery.  


Farmers in Los Antiguos were typically positive in their comments on the quality and quantity 


of government assistance.  The external aid was very important and appreciated, but the 
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Deputy Mayor Los Antiguos said the key reason there was a successful recovery here was 


the high community spirit, which strong promoted people to help each other.  The good 


relationship between the municipality and the community was also very important.  The 


Mayor took a very active lead role in the response, coordinating  


 


The media was apparently a hindrance initially, complicating the response and recovery as 


they got in the way.  But they had the effect of raising regional, national and international 


awareness of the impacts which in turn brought politicians and aid, such as the visitation of 


the President of Argentina (Deputy Mayor Los Antiguos). 


 


Amador Gonzalez said there was good interaction between Chile Chico and Los Antiguos, 


with a large amount of information exchanged.  He noted Argentina gave the first assistance 


to Chile Chico, but acknowledged that this was due to Chile Chico being extremely isolated 


from the rest of Chile.   


 


Joses Guillermo Bilardo (Mayor of Perito Moreno) managed the border zone at the time of 


the eruption.  He reported the border was opened up to allow evacuation traffic and aid to 


flow freely through.  He said a lot of Argentine aid went to Chile, and Chile Chico in 


particular, but nothing came back.   


 


6.0 PUBLIC HEALTH IMPACTS 


A detailed evaluation of the health effects of the 1991 eruption was beyond the scope of this 


study, however interviewees consistently mentioned the health effects they believed they had 


suffered following the ashfall.  The major immediate effects of the eruption on public health 


were from the ashfall and on-going remobilisation, particularly where it was fine-grained.  


Fine suspended ash irritated respiratory tracts (exacerbated in children and in people 


suffering from asthma), eyes (irritation) and skin (effects similar to sunburn and presumably 


caused by acidity of the ash). Many interviewees in all areas complained of bronchial 


problems and allergies (including eye irritation) they did not have prior to the eruption.  The 


on-going remobilization of ash deposits by strong winds for years after the eruption greatly 


prolonged the exposure to fine grained ash.    


 


In Los Antiguos the Civil Defence Officer reported anecdotally 70% of the population have 


allergies of some kind and 40% have lung problems.  Both were attributed to the on-going 


public health impacts from the ashfall and remobilised ash deposits.  Don Hector Sandin 


(Perito Moreno) said he has “lungs as if had been a smoker”.Joses Guillermo Bilardo said 


young people have been affected by on-going respiratory and vision problems following the 


ashfall.   


 


The ashfall and subsequent windstorms were very difficult periods, with most people simply 


staying inside to stay out of the ashy conditions (Alberto James Alder; Antonio Tomassso,).   


 


One of the key public health responses was the distribution of masks to exposed 
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communities.  The Los Antiguos Civil Defense Office also recommended the use of goggles 


during ashy conditions.  In areas such as Puerto Ibanez and Tres Cerros where remobilized 


ash is an on-going hazard, masks are still required.  One interviewee described the impacted 


of the ash as being like an allergy and believed it was a primary reason why people do not 


settle in Puerto Ibanez.  Many interviewees were concerned that there may be long term 


health problems as a result of the ash wind storms and were highly disappointed there has 


been no public health assessment or study of these impacts in this area. 


 


In many instances the arrival of masks in the impacted areas was very slow, so many 


interviewees reported making do with make-shift cloth masks wrapped around their faces.  


The Puerto San Julian municipality for example found it very difficult to source sufficient 


quantities of masks to distribute to people (Alberto James Alder).  In some cases the 


provided masks were inappropriate for dealing with the fine ash particles.  Sophisticated 


masks were donated to Los Antiguos from Israel, but these took weeks to arrive, by which 


time they were only useful for countering remobilised ash and rapidly blocked up with fine 


ash, as they had been designed to protect against chemical weapons.  In other cases many 


of the masks sold were not capable of filtering fine ash, so people had to wear three lots of 


these cheap masks (Luis Fernando Sandoval Figueroa).  In some cases when authorities 


advised that masks would be required, exploiters brought all available masks and sold them 


at inflated prices (Luis Fernando Sandoval Figueroa).   


 


Visits were made to hospitals in Los Antiguos and Perito Moreno, but lack of available 


medical professionals precluded any useful information being obtained from them. Bitschene 


(1995) did, however, note that these hospitals, and Chile Chico hospital, did not record 


higher-than-normal rates of sickness or mortality in the months after the eruption.  


 


Many interviewees from both Chile and Argentina said there is extreme disappointment and 


frustration that the public health effects have not been properly investigated, either in 1991 or 


by a long term study.   


 


 


6.1 Household Contamination 


Fine ash contaminated all exposed surfaces in houses and buildings following ashfall and 


windstorm events.  People put tape around doors + windows, but ash still penetrated the 


house.  The atmosphere inside houses was full of suspended ash particles following the 


ashfall.  Even by December 1991 Antonio Tomassso (Puerto San Julian) said his house was 


still a total mess due to ash contamination.  Lily Trivi (Chile Chico) said she had to constantly 


clean the house, roof and roof interior for 8 months (and 3 vacuum cleaners) to remove the 


fine ash trapped in cavities within the building.  In many instances the ash needed to be 


hosed off surfaces, as it was too heavy for brooms to effectively remove.  Water was often 


boiled regularly to take ash out of air in house.   


 


Antonio Tomassso said many attics in Puerto San Julian are full of ash, which he has 


observed from his cable TV installation business (in some cases 60-70 mm).  He believes 


there should be a cleanup program as the ash falls from the attic and contaminates the living 


space.  This was ignored in clean-up operations and believed awareness of this should be 
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raised (Antonio Tomassso).  In Tres Cerros, Don Hugo Ciselli said there was still plenty of 


ash in homes and buildings still, citing if the ceiling is banged with a pole, fine ash would 


come out. 


 


 


6.2 Chemical Toxicity 


Initial work by Araya et al. (1990; 1993) suggested fluoride from the ash had been 


responsible for many of the livestock deaths. At the time there was also concern amongst the 


human population about fluoride toxicity from the ashfall. However, Banks and Iven (1991) 


and Rubin et al. (1994) evaluated F levels in ash leachates, natural waters and grass, 


concluding fluorine was not present in toxic concentrations within the ash.  Luis Fernando 


Sandoval Figueroa worked as part of an environmental health team from ONEMI and ISP 


(Chilean Public Health) for 12 months following the eruption. They monitored air and gas 


pollution from the eruption, and in particularly investigated the impact it had on human 


populations.  Fluorine contamination in the initial basaltic eruption was high, raising fears of F 


contamination during the second eruption.  Three trial groups of 30 people had urine and 


blood levels tested from Chile Chico, Los Antiguos and a control group in Coihaique.  The 


Coihaique group returned normal levels of F between 70-90 mg in their blood.  The Chile 


Chico and Los Antiguos groups had around 150 mg in their blood indicating these groups 


had absorbed additional F (comparable to F based dental treatment)  However as toxic 


exposure is around 300-400 mg, there was unlikely to have been any significant problems. 


Within 12 months levels returned to „normal‟ levels within the exposed populations.  The 


study concluded the F was associated with the ash particles, not gaseous emissions.  They 


believed humans absorbed F through respiratory inhalation, as the water analysis showed 


very low levels of F.  Elevated levels for Fe, K, Se, Ca and Sc were also measured.  


Contamination of air by ash > 10 µm was measured at 15 times higher than considered safe 


by Chilean air quality standards.   


 


 


6.3 Psychological Effects 


Bitschene (1995) has indicated that the most common problem during the eruption was 


psychosis, due in part to the day-long darkness and in part to the uncertainty of how long the 


eruption would continue and whether they would survive. For farmers the terrible fate of their 


animals was an added trauma.  Several interviewees described “ash-storms”, where strong 


winds remobilize ash.  Uylsies Pededa (Puerto Ibanez) described the experience as: “It gets 


really dark and people just shut themselves inside and wait it out.”   


 


Municipal officials in Chile Chico and Los Antiguos said their tight knit communities suffered 


severe social distress during and after the ashfall.  The lack of colour in the grey ash 


coloured landscape; highly turbid grey water; difficult access to clean water; lack of 


recognition of friends due to masks constantly being required; fears for health; fears for 


livelihoods; lack of awareness of what was happening (was it just here or all over the world); 


all contributed to a very depressing and stressful situation.  Strong fears were recalled by 


some interviewees their entire town was going to die.  Lily Trivi said it was a horrible 


experience, where everyone had to wear masks to protect themselves from airborne ash, 
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making it difficult to recognize anyone.   


 


Many people were anxious about what the exact impacts to their health would be, and were 


very unsatisfied with the government‟s efforts to investigate the problem.  Municipal officials 


said many people needed mental or psychiatric assistance for depression.   


 


As Don Julio Cerda Cordero travelled south to Puerto Ibanez from Coihaique to assist in the 


response to the eruption, he encountered people huddle around the radio thinking the world 


was going to end, so he tried to reassure them it was only a volcanic eruption.  He 


remembered this was a major fear for the population. The loss of services during the ashfall 


also heightened the sense of isolation for many interviewees. 


 







 


9 
 


7.0 DISCUSSION 


 


It is potentially dangerous for the agricultural sector to simply ignore or overlook preparation 


for a moderate to large volcanic eruption, citing the low probability and the seemingly 


overwhelming consequences that are likely to occur. This is particularly true as there have 


been no major volcanic eruptions in New Zealand for over 100 years. Only small, yet 


increasingly costly, eruptions from Mt Ruapehu (Johnston et al., 2000) have affected 


farmland. However, this study demonstrates that moderate to large volcanic eruptions can 


impact a significant number of farms causing significant impacts to their productivity which 


ultimately devastates rural communities.  


 


Chilean and Argentine farmers have demonstrated that farms can be brought back into 


successful agricultural production if correct and timely mitigation and recovery measures are 


taken. This knowledge is essential, as the faster the recovery of farms, the less disruption to 


the agricultural sector, rural communities and the wider New Zealand economy.  It is clear 


that the efficiency and effectiveness of recovery is not necessarily determined by the 


thickness of ashfall an area received, it is significantly more complex than such a simple 


linear relationship. 


 


The recovery process following a volcanic eruption will have both short and long-term 


components. This study focuses on long-term recovery issues, many at a strategic level, 


which would be of crucial importance to MAF in how they develop and implement a long-term 


recovery plan following a volcanic eruption.  


 


This study showed that regional economies dependant on agriculture are very vulnerable to 


significant disruption if large numbers of farms are impacted by a volcanic eruption, leading 


to rural population decline and economic recession. 


 


As observed at Puerto Ibanez, whilst they received less ashfall than Chile Chico and Los 


Antiguos (despite being closer to the volcano) they have suffered significantly greater socio-


economic impact and experienced a less successful recovery.  It may also be attributed to 


the reduced economic activity resulting from abandoned farms in the interior and Cerro 


Castillio...perhaps P.I. used to service them.  However this seems unlikely...as there was no 


indication from interviewed business people, farmers, local government officials or even 


regional government officials in Coihaique. 


 


The Puerto Ibanez area appeared to have recovered the least successfully from the eruption.  


The thin thickness of ashfall meant many people were able to continue farming but the very 


low productivity of farms was a large social and economic cost to farmers.  Problems with on-


going ash remobilisation has been significant barrier to recovery.  


 
 


7.1 Information Availability 


It is difficult to know at the time of a disaster as all the information needed to make a fully 
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informed decision is not available.  Many farmers impacted by the 1991 Hudson eruption 


said they would have liked greater information about the likely recovery time of grass and 


crops, however they had to make do with the best information at hand.  Each event however, 


is unique (time of year, type of ash, thickness of ash, etc) and needs to be managed and 


dealt with in its own right following assessment of the intensity and thickness of ashfall.   


 


 
7.2 Government Assistance 


Similar issues to MAF recovery assistance in New Zealand – bad managers shouldn‟t be 


given extra aid when they haven‟t prepared effectively or utilised the available aid provided. 
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8.0 CONCLUSIONS 


 


There has been a strong contrast reported between proximal and distal areas, however in 


both areas the impacts were severe and on-going. 


 


The greater the access a farm had to improvements, such as irrigation and mechanical 


tillage equipment (whilst expensive and initially labour taxing to repair and maintain following 


the eruption), the faster and more efficient agricultural recovery appeared to be.  The 


improvements have allowed some control of the environment – to mitigate the negative 


impacts and buffer the highly variable environmental conditions.   


 


This study indicated farms under environmental, economic or other stresses (declining or low 


commodity prices, or increasing wage rates) are potentially much more vulnerable to external 


disruptions, such as natural disasters. 


 


The eruption has had a severe impact on agricultural productivity, but we suggest reducing 


rainfall (climate change) has contributed to the vulnerability of agriculture in the region and 


will continue to do so.   


 


Smaller scale farmers appeared to manage the ashfall more successfully.  They were able to 


muster their livestock and give more attention to their welfare than extensive farmers, whose 


livestock were dispersed over sometimes large distances, so were essentially isolated.   


 


Horticultural farmers who typically regularly cultivate the soil, generally noticed the benefits of 


mixing the ash with the existing soil.  Sheep farmers who typically did not cultivate their lands 


did not receive the same benefits. 
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APPENDIX 1 STUDY OF ECOLOGICAL RECOVERY FROM HEAVY ASHFALL 


 


Native Animal Resilience to Ashy Conditions  


SAG ecologist, Julio #### has studied the ecological recovery of natural flora and fauna over 


time, beginning 2 months after the eruption.  The work was mainly concentrated in the 


Cochrane area which received 20-100 mm of ashfall.  His study initially concentrated on 


empirical observations of the effect of the ash on Guemul.  His study found that the Guemul 


will shake the tree (mouthful of leaf and branches) to shake most of the ash off, reducing 


their vulnerability to ash ingestion.   The deer displayed very characteristic herd behaviour 


and the moved around a lot which was successful in the ashy environment, as they could 


exploit any new growth or leave areas with poor feed availability.  The deer also preferentially 


ate a particular type of native grass which was prominent and had a laxative effect.  Julio – 


Ecologist – SAG believes this flushed their gastric systems of ash.  The Guemul also cleaned 


their eyes very often and many of the deer had evacuated the area before the eruption 


occurred.  There were few deer fatalities in the area, despite 1000‟s of sheep dying. 


 


 


Chemical Impacts 


Two to three months after the ashfall Julio – Ecologist – SAG (observed biological activity in 


water pools.  Organisms in such water pools are highly sensitive to acidity, so he felt 


confident there was limited ongoing chemical effects of the ashfall and the water was safe to 


drink.  Frog eggs were covered in ash, but survived indicating low acidity. 


 


 


Vegetation Recovery 


In 1993 Julio #### (SAG Ecologist) began a monitoring project that covered 20 ranches in 


the impacted area.  The study visited each site 4 times per year from 1993 to 1996, 


monitoring any plants that grew through the ash.  The study found that vegetation recovery 


was highly dependent on the depth of ashfall.  When the ash was very thick, i.e. 1000 mm, 


plants simply grew on top of the ash.  When the ash was not as thick (up to 300-400 mm) the 


plants grew through the ash from the old soil beneath.  Grain size was an important variable, 


with fine ash compacted to a very hard layer, which in many cases was impermeable to 


water.  Water simply flowed over the top of the compacted fine ash.  The water that flowed 


off the compacted ash had no transported sediment. 


 


Typical succession observed: 


 Lichen and moss grew around and on rocks 


 Soil caps (very thin) developed from this 


 Birds and wind deposited seeds 


 Small coloniser plants began to grow which tended to grow out laterally rather than 


upwards, dropping organic matter, which began to form a primitive soil (humus). 


 Over time this process built/developed a soil.  The entire process would typically take 
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~ 6 years for areas impacted by ~50 mm of ashfall. 


 


In 1993 ash still covered the entire valley, small winds would create huge ash clouds.  But 


now in 2008 now there are only relatively small ash clouds when it is really windy.  He 


observed sheltered areas protected from the wind, i.e. behind hills, experienced more rapid 


re-vegetation.  


 


Julio #### observed ~24 months after the eruption in areas that had received 20-100mm of 


ash an explosion of legumes occurred, such as clovers.  He believes the sulphur in the ash 


was highly beneficial for the legumes and allowed them to grow very successfully.  Areas 


with greater thicknesses of ash took longer for this happen, if at all. 


 


Large colonies of ants in areas with ~50 mm of ash were observed in Cochrane.  


Componotus (genus of the ants) would take vegetation into the ground and burrow earth out 


to make their nests.  This appeared to have an important effect on vegetation recovery, 


aiding in soil development.  Areas of land were observed that had been effectively ploughed 


by the ants (1-2 metre diameter) and experienced a significantly faster vegetation recovery. 


There were quite significant differences in the impact from the ashfall experienced between 


the evergreen and deciduous varieties of Beech tree.  Deciduous types were less badly 


impacted as didn‟t trap ash in their leaves or canopy.  The evergreen varieties however 


trapped a lot of ash in their leaves, which dried them out (presumably from acidic salts on the 


ash).  Rain and snow in the following days to weeks washed the leaves clean however.  But 


the weight of the ash on the trees caused a lot of damage, with many branches collapsing 


under the weight, especially when wet.  Some parts of the trees dried out and died, but the 


rest of the tree survived with some stunting of growth. 
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Chapter 1 
 


Introduction 


 


Volcanic eruptions are powerful, spectacular, uncontrollable geophysical events.  The destructive 


power of volcanoes on human endeavour is well known, with the catastrophic events at Pompeii 


during the 79 AD eruption of Vesuvius a haunting reminder.  Yet eruptive products have given rise to 


some of the most fertile soils on earth.  Ancient civilisations in volcanic regions in Asia, Africa, the 


Pacific, the Americas, and Europe have benefited immensely from cultivating volcanic soils.  This 


interaction of human and volcanic processes has provided food supplies and security for expanding 


populations, but tragically has also resulted in devastating volcanic disasters.  This conflict has 


spawned the need for volcanic risk management.   


Volcanic soils received significant scientific attention following the rapid expansion of human 


population after World War Two; with Japanese, American and New Zealand soil scientists leading 


research into understanding the genesis and unique properties of volcanic soils in the middle of the 


20th century (Shoji et al. 1993).  However with benefits come risks.  Intensification of agricultural 


production in areas exposed to volcanic ashfall has dramatically increased.  Modern, high-yielding 


farming systems have also become more technologically and input dependant, reducing resiliency to 


ashfall hazard disruption or destruction (Sivakumar et al. 2005).  These pressures have created 


significant interest in the effects of ashfall on agricultural systems.   


Quantifying where, which, why, when, and how volcanoes will erupt are fundamental questions in 


volcanic hazard assessment.  Various studies have quantified these hazards using statistical analysis 


of previous eruption frequency and magnitude and the distribution of eruptive products to produce 


hazard assessments of singular and multiple volcanoes (Hurst & Smith 2004; Jenkins et al. 2007; 


Turner et al. 2008; etc.).  The next step for volcanic risk assessment is to quantify which, what, why, 


when and how did the elements of society are exposed and vulnerable to volcanic hazards.   


In the past 30 years there have been significant contributions to understanding and quantifying the 


impact of volcanic hazards on society.  These include the impact on human health, essential 


infrastructure and primary industries.  Much of this work began following the 1980 eruption of Mt St 


Helens, which highlighted the limited knowledge of volcanic impacts and prompted a series of 


landmark studies, including Cook et al. (1981), Blong (1984) and Baxter (1990).  Traditionally 
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deterministic methods have been used in volcanic risk assessment, such as a previous eruption event 


or the maximum expected eruption to assess future eruption risk, but there is an increasing desire to 


be more systematic and utilise probabilistic risk assessment to describe risk posed by current or 


future volcanic events.   Probabilistic volcanic risk assessment can better account for evolving 


eruption histories, incomplete and/or short eruption histories, volcanoes with a range of possible 


future eruptions magnitudes and/styles, and aleatoric and the epistemic uncertainty common to all 


natural phenomena (Woo 1999).   Vulnerability is commonly captured within probabilistic risk 


assessment by the use of fragility functions (also known as vulnerability curves) as a way to express 


numeric relationships between the intensity of a hazard and degree of loss, specific to each 


inventory class or sector (e.g. Spence et al. 2005).  However studies of the impact of volcanic ash 


impacts on agriculture have been constrained by commonly focusing only on short-term impacts 


from relatively small eruptions (Georgsson & Pétursson 1971; Cook et al. 1981; Bitschene et al. 1993; 


Rubin et al. 1994; Inbar et al. 1995; Cronin et al. 1998; 2003; Johnston et al. 2000).  There has been a 


lack of empirical evidence to explain the impacts on, and the length of recovery for, agriculture over 


a range of ash depths and ash properties (such as grainsize, composition and soluble salt volume) 


and support robust fragility function development.  Indeed this lack of knowledge also limits pre- 


and syn-eruption emergency management advice and post-event recovery planning for agriculture, 


particularly for ash depths >50 mm.   Some studies have begun to estimated the damage to 


agriculture over variable ashfall hazard intensities (usually ashfall depth) by extrapolating from 


smaller eruptions (e.g. 1995/96 Ruapehu eruptions) and best estimate how local volcanological, 


environmental and agricultural conditions will affect recovery (e.g. Neild et al. 1998; Johnston et al. 


2004).   Whilst these provide reasonable estimates, they highlight the lack of empirical data for 


effective quantitative risk assessment.  Archaeological studies have also attempted to estimate 


recovery time following ashfall and the adaptive agriculture response of pre-modern societies 


following large volcanic eruptions (Gonzalez et al., 2000; Reycraft and Bawden 2000; Ort et al. 2008).  


One of the few modern examples of long-term agricultural recovery is at Volcán de Parícutin 


volcano, Mexico, following the 1943-52 cinder cone eruption, by Rees (1979) and later Ort et al. 


(2008).   


As low probability, high consequence natural hazards, explosive volcanic eruptions may never occur 


during a farmer’s lifetime, realistically placing them beyond the scope of typical farm risk 


management strategies and practices.  However, the high consequences of an ashfall makes it 


important to understand what the potential impacts will be, and what possible mitigation strategies 


will facilitate the most efficient recovery possible.  Accurate advice therefore needs to be available 


for distribution to farmers and agricultural emergency managers.  This requires cataloguing and 
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investigating the experiences of farmers from areas impacted by volcanic eruptions and transfer the 


valuable, often hard won knowledge and expertise to other farmers exposed or impacted by large 


explosive eruptions. 


 


1.1 Volcanic Hazards 


Volcanic hazards are complex and the source of significant uncertainties.  Most volcanoes provide 


some geophysical or geochemical warning of unrest, however it is very difficult to forecast the 


beginning, duration and magnitude of an eruption, if at all (Tilling & Lipman 1993).  Volcanic 


eruptions may last for several seconds or for decades, at varying levels of eruptive intensity.  The 


composition of volcanic products and attached soluble volatiles also vary considerably between 


volcanoes (e.g. Taupo Volcano Zone, New Zealand), between eruptions at the same volcano (e.g. 


Tarawera Volcano, New Zealand), and even between different phases of the same eruption episode 


(e.g. 1991 eruption of Vulcan Hudson, Chile).  The grainsize and thickness eruptive deposits may also 


be highly variable, depending on the magnitude and nature of the eruption, height of the eruption 


column, and wind conditions.  Secondary remobilisation and deposition of unconsolidated volcanic 


products may increase the duration of an eruption’s impact for decades afterwards.   


Volcanic hazards fall into three broad areas: 


Pyroclastic airborne deposits: explosive eruptions produce blocks (solid) and bombs (molten) that 


usually land within 2 km of the vent; and volcanic ash that can be deposited for hundreds of 


kilometres distance.  


Ground-hugging flows include rapidly-flowing mixtures of hot gas and rocks, lava flows from 


effusive eruptions, and lahars (volcanic mud- or debris-flows).  These are usually confined to valleys 


adjacent to the vent.  


Volcanic gases present risks downwind from the erupting crater; typically this is only a hazard within 


several kilometres of the crater. 


 


1.1.1 Volcanic Ashfall 
Volcanic ash is the most widely-distributed product of explosive volcanic eruptions, with even 


relatively small explosive eruptions capable of distributing ash hundreds of kilometres from the 


volcano.  Newhall & Hoblitt (2002) used a statistical analysis of the Smithsonian Institution’s Global 
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Volcanism Program catalogue of Holocene volcanic events to calculate the probability ash would be 


produced was 92% for any volcanic eruption; 90% for a small magnitude eruption (VEI 0-3) and 100% 


for a large magnitude eruption (VEI 4-7).  Ashfall is thus the most likely volcanic hazard to impact 


agriculture (Blong 1996).   


Magma decompresses as it rises, allowing dissolved volatiles (dominantly H2O and CO2, but also 


species such as SO2 and Cl-) to exsolve into gas bubbles which expand the fluid magma into a foam 


and accelerates its ascent to the surface and erupt. The foamy magma fragments at the volcanic 


vent, with violently expanding gas bubbles tearing the silicate lattice apart to escape.  The resulting 


fragments, pyroclasts, are classified by size into ash (particles < 2 mm) (Figure 1.1), lapilli (2-64 mm), 


blocks/bombs (>64 mm) (Gilbert et al. 1991). The violence of the eruption is determined by the 


viscosity of the magma, a function of silica content, crystalinity, temperature and the content of H2O 


and other volatile speicies (Heiken and Wohletz 1985).  Ash particles ejected from an eruption vent 


are typically incorporated into an eruption column that may buoyantly rise tens of km into the 


atmosphere or stratosphere (up to 50km; Sparks 1986).  Eruption plumes are dispersed by prevailing 


winds and the ash can be deposited hundreds to thousands of kilometres from the volcano, 


depending on wind strength, grainsize and eruption magnitude.  


 


Figure 1.1: Volcanic ash particle 


 


Due to their violent and rapid formation, volcanic ash particles are made up of rocks, minerals and 


volcanic glass, making them very hard, highly irregularly shaped and angular. Ash is hard, silica-


based, does not dissolve in water, is extremely abrasive and mildly corrosive, and conducts 


electricity when wet.  Magmatic gases adsorb to the ash particle surfaces while they are in the 


conduit and plume and the commonly sponge-like particles may have extremely high surface 


area:volume ratios.  Common adsorbed species include acidic salts such as SO2, H2, HCl, NH2, H2S, HF, 
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CO and volatile metal elements.  Fresh ash releases soluble components into catchments as soon as 


rain falls, with over 55 soluble components known to occur in volcanic ash leachates (Figure 1.2) 


(Witham et al. 2005).  The anions chloride (Cl-), sulphate (SO4
2-) and fluoride (F-) and the cations 


calcium (Ca2+), sodium (Na+) and magnesium (Mg2+) generally occur with the highest concentrations. 


Surface coatings on fresh ash are also highly acidic, due to the presence of the strong mineral acids 


H2SO4, HCl and HF.   Volcanic ash leachates are hence potentially corrosive, abrasive, potentially 


toxic to livestock and humans, and very electrically conductive when slightly wet (Witham et al., 


2005; Stewart et al., 2006; Heiken and Wohletz, 1985; Cronin et al., 2003).   


Fine particles may be the most damaging: 


 Fine particles may penetrate furthest into the lungs of people and animals and thus are the 


most likely to cause respiratory distress;  


 Fine particles are the most able to penetrate buildings and machinery; 


 Fine particles have a greater surface area per unit weight than coarser ones, and therefore 


also contain higher proportions of surface coatings, which are highly acidic and contain 


solutes such as sulphate and fluoride ions (Figure 1.2); 


 Fine particles adhere more readily to crops.  


 


Figure 1.2: Ash particles may absorb aerosol droplets onto their surfaces providing an acid 


leachate after deposition (from Wilson et al. 2009) 
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The size distribution of ashfall changes as the ash plume travels away from the volcanic vent, with 


coarser particles falling closer to the vent and finer particles transported furthest (Figure 1.3). 


However, at any particular location the characteristics of the ashfall deposited can vary widely.  


 


Figure 1.3: Changes in volcanic ash size distribution with distance from the vent  


 


The thickness of ash fall received at a particular site will depend on: 


 The magnitude (size) of the eruption: The larger the eruption the greater the volume of 


material erupted. 


 Distance from the volcano: Areas close to the volcano will receive the thickest ash falls. 


 Wind and climatic conditions: These control the dispersal of the ash plume.   


 


1.2 Impact of Ashfall to Pastoral Agriculture 


Even small quantities of volcanic ash can cause impact on pastoral agriculture areas, including: 


 contamination of pastures, resulting in lower palatability and, if heavy enough, reduced 


availability of feed and reduced livestock growth;  


 contamination and disruption of water supplies;  


 adverse effects on livestock health (may include grinding down of teeth, eye and respiratory 


irritation, gastric blockages, fluoride toxicity)  
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 increased maintenance costs and wear of machinery (as the volcanic dust is highly abrasive);  


 corrosion of vehicles and machinery;  


 reduced quality of wool;  


 disruption to power supplies; and  


 disruption to transportation and communication systems.  


 


Different farming activities are undertaken at different times of the year because of the variations in 


temperature and precipitation. For example, the spring growth period is essential for pasture 


renewal and disruption growth in this period represents the period of highest vulnerability for 


pastoral farms.  Therefore the time of year during which an eruption occurs becomes a critical factor 


when estimating what impact ash fall will have on pastoral farming.  


 


1.2.1 Effects on pastures and soil 


1.2.1.1 Pastures 


Damage to low vegetation (such as pasture varieties) and the soils on which they depend will vary 


with of the ash characteristics.  The extent and nature of pasture damage depends on the (Chaplin 


and Braatne, 1986; Folsom 1986; Neild et al. 1998):  


 ash characteristics (composition, grainsize, depth,  volume of poisonous aerosols attached); 


 compaction of the ash after the eruption; 


 degree of continuing disturbance; 


 stage of pasture development;  


 length of pasture, and; 


 volume of rainfall immediately preceding and following any ash fall. 


 


1.2.1.2 Soil 


Small thicknesses of deposition (<5 mm) generally have limited impacts on soils.  Benefits may be 


received through the additional of elements, such as sulphur; or provide a lithic mulch if grainsize is 


sufficiently large (Cronin et al. 1996; Ort et al. 2008).  Thin deposits generally integrate into the soil 


through percolation and soil processes such as frost heave and the effect of soil animals.  
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Thicker ash (>5 mm) generally remains in place, unless moved by erosion processes (e.g. water and 


wind) or machinery, and does not percolate or dissolve into the soil profile (Cook et al., 1981; Folsom 


1986).   


 


1.2.2 Effects on livestock 
The effect on livestock will depend on (after Neild et al., 1998; Cronin et al., 1998; 2003): 


 ash characteristics (composition, grainsize, depth,  volume of poisonous aerosols attached); 


 amount of rainfall immediately preceding and following any ash fall; wind direction and 


strength (both remove ash from feed); 


 metabolic and nutritional demands of the livestock at the time; 


 age of livestock; 


 livestock species; 


 pasture length; and 


 stocking rate.   


The main issues will be the contamination and possible destruction of pastures and water supplies.  


The 1995-1996 Ruapehu eruptions showed that deposits of 1-2 mm of ash (Figure 1.4) put stock off 


eating pasture and in extreme cases caused fluoride poisoning  (Cronin et al. 1998).  However, 


following the 1980 Mt St Helens eruption experience showed the majority of stock can survive ash 


falls of 50-300 mm provided there is sufficient clean supplementary feed and water, and if ash has a 


low volume of toxic soluble salts (Cook et al. 1981; Blong 1984; Neild et al. 1998).  In general, young 


livestock and animals which graze close to the soil surface, such as sheep and deer, do not cope with 


ash-contaminated pasture and feedstuffs as well as higher grazers such as cattle.  Hungry animals 


suffering health impacts from ashfall impacts become stressed and react badly if required to be 


moved or during milking for example. Rough handling from stressed humans accentuates this impact 


on livestock (Wilson & Cole 2007).  
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Figure 1.4: Merinos with a light covering of ash following the 1996 Ruapehu eruption (source: NZ 


Herald). 


 


1.2.3 Effects on water supplies 
Surface water supplies (dams and streams) are vulnerable to ashfall contamination (Stewart et al. 


2006).  High levels of suspended ash (turbidity) can cause a range of problems, such as clogging fine 


irrigation nozzles and accelerating wear and tear on equipment such as pumps.  Roof-fed household 


water tanks are very vulnerable to ashfall contamination.  Volcanic ash contamination of surface 


waters also causes short-term changes in water quality. In particular, pH may be lowered, turbidity 


increased, and freshly-fallen ash will release soluble components into the water. In general, these 


are unlikely to pose risks to either human or animal health. Elevated levels of iron and aluminium are 


commonly reported, and affect the palatability of the water by imparting a bitter, metallic taste.  


Livestock are probably able to tolerate short-term consumption of ash enriched water. 


Groundwater-fed supplies are relatively resilient to ashfall contamination. Springs offer a source of 


uncontaminated water and should be protected from livestock (i.e. fenced off) following an ashfall.  


There may also be a heavy water demand for cleanup operations. 
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1.3 Thesis Goal and Objectives 


The goal of this thesis is to research the vulnerability of pastoral agriculture to volcanic ashfall 


hazards by investigating the impacts on key elements (pastures and soils; livestock; water supplies; 


farm management strategies) and identifying mitigation strategies.  It is intended to provide a 


greater quantitative understanding of pastoral farming vulnerability to ashfall hazards, as part of 


probabilistic risk assessment.  This is addressed with the following objectives: 


1) Identifying the vulnerability of farm water supplies following volcanic ashfall, including 


potential physical and chemical impacts on farm water supplies, based on the experience of 


prior volcanic eruptions, and by analysis of the resiliency of farm water supply systems 


(Chapter 2). 


2) Examine the logistical and resource requirements of livestock evacuation following a large 


explosive volcanic eruption, and how it would impact on a modern intensive farming region 


(Chapter 3).   


3) Investigate the impact on and potential rehabilitation of pastures following a thick volcanic 


ashfall by analysing the impact on different pastoral grass varieties following treatment with 


different depths of ash and under different environmental conditions, and investigating the 


effectiveness of a range of rehabilitation strategies (Chapter 4). 


4) Characterise the challenges of pasture reestablishment on volcanic deposits following the 


1973 Eldfell eruption, Iceland (Chapter 5) 


5) Assess the impact on and the response and recovery of pastoral agriculture components 


over time following the 1991 Hudson eruption, Chile (Chapters 6, 7 and 8).   


 


1.4 Thesis Structure 


Vulnerability of pastoral farming to volcanic ashfall hazards is approached by considering three 


essential elements, impacts on water supplies (Chapter 2), livestock (Chapter 3) and pastures and 


soils (Chapter 4).  These themes are present throughout the thesis and integrated in a series of case-


studies in Chapters 5 to 8.  The body of the thesis comprises seven chapters, with each containing 


scientific manuscripts which have been or will be submitted to an international peer-reviewed 


journal.  Specifically Chapters 2 to 4 investigate one aspect of pastoral agriculture's vulnerability to 


volcanic ashfall hazards.  Chapters 5 to 8 are multi-disciplinary case-studies which use results from 


the previous chapters and highlight the spatial and temporal impacts and recovery of pastoral 


agriculture following explosive volcanic eruptions.  Chapters 6, 7 and 8 form a major case-study of 
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the 1991 eruption of Vulcan Hudson and are intended to show the diversity of research embodied 


within the thesis for assessing vulnerability of agriculture and rural communities to volcanic impacts.   


Chapters 2 to 8 are preceded by an outline of the intended journal for publication, publication status 


of the manuscript at the time of thesis submission, and the main purpose of the manuscript in 


fulfilling the thesis objectives.  The methodologies, applications and results described in the chapters 


are direct outcomes of the author's own research; however, contributions from co-authors have 


been invaluable and their input is also detailed at the start of each chapter.  


The detailed investigation of animal health impacts from volcanic ash has not been attempted in 


detail as part of this thesis, as this would have required specialist veterinary expertise.  Instead the 


management of animal welfare concerns during a volcanic ashfall have been analysed throughout 


the thesis, such as: drinking water contamination (Chapter 2); livestock evacuation (Chapter 3); 


pasture toxicity hazards following ashfall (Chapter 4), and field observations and interviews with 


veterinarians regarding the impacts on case study areas (Chapters 6, 7 & 8).   


With the exception of providing consistent formatting and English spelling, the content of each 


chapter and appendix has not been modified from the versions accepted or submitted to journals or 


technical publications. 


Eight appendices are included in the thesis to provide additional research content and the primary 


data which support the chapters, the discussion and the conclusions.  They also show evidence of 


wider analysis of volcanic ash vulnerability assessment.  All are first authored by Mr. Wilson.  


Appendices 1, 2, 3, 4, 5 and 6 are peer reviewed technical reports.  Appendix 7 is a volcanic ash 


advisory pamphlet produced for the New Zealand Ministry of Agriculture and Forestry.   
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Overview 


Chapter 8 investigates the human and livestock evacuation following the 1991 Hudson eruption and 


highlights lessons for future volcanic crises.   


Contributions 


Mr. Wilson developed the idea for the project, interview schedule, conducted fieldwork and 


interviews with impacted farmers and emergency management officials in Patagonia, literature 


review and wrote the manuscript.  Prof. Cole and Dr. Carol Stewart assisted with interviewing in 


Patagonia.  All co-authors offered discussion on the development of the manuscript.  Prof. Cole, 


Assoc. Prof. Shane Cronin and Assoc. Prof. David Johnston provided in-depth reviews of the 


manuscript.   
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8.1 Abstract 


Human and livestock evacuation during volcanic crises is an essential component of volcanic risk 


management.  This study investigates the evacuation of human and livestock populations from areas 


impacted by ashfall from the 1991 Hudson eruption, Patagonia.  The eruption was one of the largest 


in the 20th century resulting in significant impacts on rural communities in affected areas, including 


the evacuation of people and livestock.  In the short-term (<3 months), evacuation of people from 


farms and rural towns was driven primarily by ashfall and ash storm impacts on public health and 


essential services.  Severe impacts on livestock and the inability to restore vegetation growth 


following pasture burial, also meant pastoral farming became unsustainable in the short term. This 


resulted in evacuation of farms for usually <1, but up to 4 years following the ashfall and subsequent 


intense ash-storms.  In areas of very heavy ashfall (>1 m) or where agricultural systems were 


stressed (from drought and long-term long commodity prices) many farms were abandoned, 


resulting in permanent migration of the farm population.  Farms and farmers under pressure from 


marginal economic returns were the least likely to cope with the ‘shock’ of the ashfall.  The financial 


capacity of farmers was important in their resilience and ability to return once conditions improved, 


although emotional attachment to the land sometime outweighed financial considerations.   


Evacuation of livestock in areas affected by ash falls was undertaken by many farmers, but it was not 


very successful or economically justifiable.  Access for livestock trucks to the impacted area was 


difficult due to a poor road network, ashfall and snow induced blockage, and remobilised ash 


inhibiting visibility.  The lack of reliable records of livestock populations inhibited evacuation and 


efforts to supply supplementary feed to the remaining livestock.  The very poor condition of 


livestock prior to the eruption and burial of feed following the eruption often made evacuation 


uneconomic as well as reducing livestock resilience to cope with the eruption and transport impacts.  


The lack of capacity within the local livestock market and lack of available grazing land for the influx 


of transported livestock were also key failings of the evacuation effort. 


8.2 Introduction 


Volcanic eruptions produce hazards that can endanger human life and agricultural activities.  Specific 


hazard processes include ashfall, pyroclastic flows, lahars, gases, landslides and lava flows.  Volcanic 


eruptions may be very short (hours or days) or continue intermittently causing damage for months 


or even years (Tobin & Whiteford 2002).  Damage may include direct impacts on human and animal 


health, water supplies, critical infrastructure, the built environment, crops, and pastures, (Cook et al. 
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1981; Blong 1984; Baxter 1986; Cronin et al. 1998; Neild et al. 1998; Johnston et al. 2000; Stewart et 


al. 2006; IVHHN 2007; Wilson & Cole 2007). 


A common emergency response to the imminent threat of an eruption or following significant 


volcanic damage is to evacuate people from impacted areas (Witham 2005; MCDEM 2008).  If time 


and resources permit, livestock may also be evacuated (Wilson et al. 2009).  Many human 


evacuations during volcanic crises have been recorded globally (Table 8.1).  Witham (2005) 


estimated 5,281,906 people were evacuated or affected by 248 volcanic events during the 20th 


century.  However, there have been few accounts of livestock evacuation during volcanic crises, 


despite agriculture being a common land-use in volcanic areas (Table 8.1) and livestock having 


significant economic and emotional value to farmers (Annen & Wagner 2003; Jenner 2007; Wilson et 


al. 2009).  Generally evacuations may occur either before an eruption to reduce the chance of 


fatalities; or following an eruption due to the extreme impacts from the eruption and/or the risk of 


future eruptions.   


This study investigates the evacuation of human and livestock populations from areas impacted by 


ashfall from the 1991 Hudson eruption, Patagonia.  It seeks to interpret the drivers causing farmers 


to evacuate and in some cases abandon farms, the agronomic and social impacts of the evacuation, 


the rationale and planning for livestock evacuation, and the factors that encouraged farmers to 


return to evacuated or abandoned farms. Field work was completed between 20 January and 8 


February 2008 in the region of southern Patagonia impacted by the 12-15 August 1991 ashfall 


(Figure 8.1).   Farming communities were visited in a transect from the upper Río Ibáñez valley in 


Chile, which received >1 m of ashfall, to the distal portions of the ash plume at the Atlantic coast of 


Santa Cruz province, Argentina (Figure 8.1).  Field methods included semi-structured interviews with 


32 farmers, and 11 municipal officials or agricultural experts (e.g., veterinarians or agricultural field 


officers) who had experienced the 12-15 August 1991 eruption or participated in the response and 


recovery operations. 


8.3 The 1991 eruption of Vulcan Hudson 


Hudson volcano (45°54’ S; 72°58’ W) is part of the Chilean Southern Volcanic Zone (33–46°S) located 


in southern Chile (Kratzman et al. 2008).   At least 12 Holocene explosive eruptions have occurred at 


Hudson, the most significant of which were eruptions 6,700 years before present (yrs BP), 3,600 yrs 


BP, and in 1991 (Naranjo & Stern 1998).  The 1991 eruption consisted of two separate, partially sub-


glacial phreatoplinian explosive phases on 8-9 August and 12-15 August 1991. It was the second 
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phase of the eruption, on 12–15 August, 1991, that dispersed ash on a narrow, elongated ESE sector 


of Patagonia, covering a land area  of more than 100 000 km2 (Figure 8.1)  and caused most of the 


evacuations.   


 


 


Figure 8.1: Location map and isopach map of eruptive deposits; area of Figure 8.1B is shown as 


dashed line in Figure 8.1A (after Scasso et al. 1994).  
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The eruption produced 4.3 km3 bulk volume (2.7 km3 dense rock equivalent) of tephra fall deposits, 


making it one of the largest explosive eruptions of the 20th century (Kratzmann et al., 2008).  The 


elongated shape of the deposit was the result of strong southeast winds.   


8.4 Where did evacuation occur? 


The area impacted by ashfall was climatically and ecologically diverse, resulting in a wide range of 


agricultural practices.  The Ibáñez valley, in the southern Andean mountain range, west of Puerto 


Ibáñez supported low to medium intensity pastoral farming of sheep and some cattle (>700 mm of 


annual rainfall). The area surrounding Lago Gen. Carerra/Buenos Aires has irrigated valleys 


supporting intensive pastoral and horticultural farming at Puerto Ibáñez, Chile Chico, Los Antiguos 


and Perito Moreno (200-500 mm annual rainfall). The vast arid steppe region that extends east to 


the Atlantic coast supports low intensity extensive pastoral farming of sheep (<200 mm of annual 


rainfall; Figure 8.1) (Peri & Bloomberg 2002).  The ashfall buried short winter pastures, forcing 


pastoral farmers to use what limited supplementary feed was available.  Heavy snowfall also 


coincided with the ash deposition in the Andean regions.  Farms were already overloaded, due to 


poor commodity prices for meat and wool in the previous season, adding further stress.  Hence, in 


general, livestock were already in poor condition. Following ashfall, many suffered from starvation, 


and other health problems due to ingestion of ash with feed as well as being directly impacted by 


ashfall, which resulted in widespread livestock deaths (Rubin et al. 1995; Wilson et al. submitted-a).  


Valdivia (1993) estimated >1 million sheep and several thousand cattle died in Chile and Argentina 


following the ashfall.  High winds common to the area remobilised ash deposits, creating billowing 


clouds of fine ash (referred to as ash storms), which abraded and repeatedly covered pasture re-


growth, exacerbating the impact (Wilson et al. submitted-b).   


Horticultural farms (in the irrigated valleys) were not initially affected, as crops and fruit trees were 


in winter dormancy or had yet to be planted.  However subsequent ash storms during the crucial 


spring growth period (September to November) caused significant damage and loss of yields.   


People on farms and the small rural service towns in the impacted area had significant health 


problems due to the airborne ash during ashfalls and particularly during subsequent ash storms.   


Farmers initially evacuated to the closest towns, such as Puerto Ibáñez, Chile Chico, Los Antiguos, 


Perito Moreno, Puerto San Julian and Tres Cerros, but eventually moved further away in search of 


employment.  Many headed to regional centres such as Coihaique and Commodoro Rivadavia.  


Farmer evacuation from the three main agricultural areas impacted by ashfall is investigated below. 
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Table 8.1: Selected human and livestock evacuations during volcanic crises 


Eruption Area Impacted Details Reference 


1886 
Tarawera 
eruption 


Bay of Plenty, 
New Zealand 


An estimated 20,000 livestock were evacuated from areas 
receiving >10 mm of ashfall.   


Keam 1988 


1973 Eldfell 
eruption 


Heimaey, 
Iceland 


Within 6 hours of the eruption nearly all of Heimaey’s 5,300 
residents had been evacuated to the Icelandic mainland.  
Several hundred sheep were evacuated to the mainland, 
whilst remaining cattle and poultry were slaughtered 


Williams & 
Moore 1983; 
Wilson et al. 
submitted-c  


1976-77 
Soufriėre 
eruption 


Guadeloupe Approximately 73,500 people were temporarily evacuated, 
mostly from Plymouth, the island’s capital. 


McGuire et al. 
2009 


1980 Mt St 
Helens 
eruption 


Washington, 
United States 


35 property owners at Spirit Lake evacuated and an exclusion 
zone established. 


The Daily 
News/The 
Journal 
America 1980 


1986 Nevado 
del Ruiz 
eruption 


Tomila, 
Columbia 


15,000 people evacuated in low-lying areas due to lahar 
hazards (in the aftermath of the destruction of Armero town 
by lahars following a small eruption in 1985) 


Voight 1989 


1990-1995 
Unzen 
eruption  


Shimabara, 
Japan 


At the peak of the crisis, over 160,000 people used short-
term evacuation accommodation, and nearly 5,669 used 
temporary housing for a period of up to four and half years 
due to pyroclastic flow hazards 


Shimizu et al. 
2007 


1991 
Pinatubo 
eruption 


Luzon, 
Philippines 


Over 200,000 people were evacuated from around Pinatubo 
due to pyroclastic flow, heavy ash fall and lahar hazards.  
Significant subsequent lahar hazards resulted in on-going 
evacuations by returnees. 


Newhall et al. 
1997 


1995-
present 
Soufriere 
Hills 
eruption  


Montserrat 
(Lesser 
Antilles) 


Approximately two thirds of the ~12,000 island’s inhabitants 
were evacuated between 1995-97.  On-going activity has led 
to their long-term displacement.  


Clay et al. 
1999; 
McGuire et al. 
2009 


1999 
Tungurahua 
eruption  


Tungurahua, 
Ecuador 


Enforced evacuation of the entire population (16,000) from 
Banos due to potential pyroclastic flow, lahar and ashfall 
hazards. 


Tobin & 
Whiteford 
2002; Lane et 
al. 2004 


2002 
Nyiragongo 
eruption  


Goma, 
Democratic 
Republic of 
Congo 


Lava flows forced the evacuation of ~300,000 people from 
Goma city and surrounds and left 120,000 homeless.    


UNDP 2004 


2006 Merapi 
eruption 


Yogyakarta, 
Indonesia 


Over 20,000 people evacuated from western and southern 
flanks of Merapi due to pyroclastic flow and lahar hazards.  
Livestock remained on farms within the evacuation zone and 
tended to by farmers travelling in and out during the day.  
Many farmers attempted to sell livestock following feed 
destruction and isolation from their farms. 


Wilson et al. 
2007  


2008-
present 
Chaiten 
eruption 


Northern 
Patagonia, 
Chile 


Preventative evacuation of ~5,000 people occurred from 
proximal areas due to potential pyroclastic flow and lahar 
hazards, particular Chaiten town.  Some evacuation occurred 
in rural areas from heavy ashfall hazards.  Over 20,000 cattle 
were evacuated from areas impacted by heavy ashfalls in the 
weeks following the eruption. 


Lara 2009 
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8.4.1 Ibáñez Valley 


The initial focus of emergency managers responding to rural communities exposed to heavy ashfall 


was human safety.  The Ibáñez valley received very heavy ashfalls (500->2000 mm; Figure 8.1; 


Naranjo et al. 1993) and most farmers evacuated, with many self-evacuating and others using army 


and ONEMI (Chilean Civil Defence) vehicles.  The farming families generally left within hours or days 


of the eruption onset.  Farms were small (100-200 ha) and carried low numbers of livestock, typically 


cattle with stocking rates of ~0.3/ha.  The factors that led to interviewed farmers deciding to 


evacuate included: homestead roof collapse, or fear it may collapse (Table 8.2); concerns about 


health impacts from the ash, including household contamination and severe ongoing problems with 


wind-blown fine ash; fears of further ashfalls; and lack of livestock feed following pasture burial and 


exhaustion of supplementary feed.  Farmers described heavy ashfall and snow accumulated on 


homestead roofs requiring frequent cleaning to prevent collapse, particularly in areas that received 


>600 mm of ash (Table 8.2).  Several farmers reported large lapilli breaking glass windows.  In one 


case this occurred ~50 kilometres from the volcano.  Homesteads were rapidly contaminated with 


ash.  The limited available feed was also rapidly covered in thick (>200 mm) ash.  Veterinarian Don 


Julio Cerda Cordero of Servicio Agrícola y Ganadero (SAG; a branch of the Chilean Ministry of 


Agriculture) reported that in extreme cases, ash ingestion with feed caused gastro-intestinal 


blockages.   Starvation and gastro-intestinal complications from ash consumption were also reported 


as the primary cause of livestock mortality (Rubin et al. 1994).  There were few reports of 


contaminated water or water shortages as significant problem for either people or animals, mostly 


because surface water supplies were spring fed and cleared quickly. 


Table 8.2 - Roof collapse mitigation actions 


Ash & snow fall depth 
(farmer estimate) 


Ashfall depth 
(Naranjo et al. 1993)  


Details 


150 cm 90 cm Roof collapsed on wooden constructed homestead, 
despite initial cleaning attempts 


100-120 cm 35 cm Regular cleaning required to prevent collapse on 
wooden construction homestead 


80-100 cm 40 cm Wooden constructed homestead & farm building 
roofs collapsed under weight of ash and snow - not 
cleared due to evacuation  


50-60 cm 15 cm No structural damage to wooden homestead.  
Regular roof cleaning due to fears of collapse.  
 


Most farmers interviewed who evacuated from the Ibáñez valley, had done so by 15 August. The 


remaining evacuees left by 30 August.  Some farmers remained in government welfare centres and 


emergency accommodation in towns such as Cerro Castillo for up to 4 years, or relocated out of the 


area in search of work.  Most farmers returned regularly to assess the vegetation recovery.  Many 
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farmers said they were very reluctant to leave their farms, citing strong financial and emotional 


attachment to their land and livestock.   


 


8.4.2 Irrigated Valleys 


High intensity mixed horticultural and pastoral farms (stocking rate >3/ha) and horticultural farms 


(typically fruit orchards) were located in river valleys with developed irrigation networks.  They 


typically experienced between 50-120 mm of ashfall at Puerto Ibáñez, Chile Chico, Los Antiguos and 


Perito Moreno.  These farms used cultivation and fertiliser improvement, permanent willow and 


poplar tree wind breaks, and were located close to population centres.  Whilst not catastrophically 


impacted by ashfall, many mixed and horticultural farms were evacuated for weeks to several years, 


in response to health hazards (especially from wind remobilised ash) and uncertainty around future 


eruption impacts (Wilson et al. submitted-a;b).  One interviewee evacuated from Los Antiguos due 


to the health hazards from airborne ash inflaming a chronic asthma condition.  The family evacuated 


for several months, during which most of their 70 sheep died due to starvation after ash buried 


pasture.   Some farmers wished to evacuate due to health hazards, but remained on their farms 


because of fears of their houses being looted, the need to care for their livestock, and missing any 


aid subsequently offered.   Short-term evacuations of towns occurred during ash storms 1-6 months 


following the ashfall.  Over 600 women and children evacuated from Chile Chico, Los Antiguos and 


Perito Moreno (Wilson et al. submitted-b). 


Residents in Puerto Ibáñez, Chile Chico and Los Antiguos all reported cleaning ash from their roofs, 


fearful they may collapse.  Over 100 adobe-style buildings in Chile Chico suffered structural damage 


from the weight of ash on their roofs.  Some totally collapsed, whilst many others had large cracks in 


load bearing walls.  Light snow and rainfall greatly increased the weight of the ash exacerbating the 


impacts.  Most interviewees said they used shovels to remove ash from their roofs, because it was 


like cement and very heavy when it became wet.   


Puerto Ibáñez municipal officials reported that there has been a significant population decline in the 


town and surrounding area, down from 4,000 in 1991 to 2700 in 2001; a level at which it has since 


stabilised.  In contrast to the upper Ibáñez valley area, widespread farm abandonment did not occur 


at Puerto Ibáñez with ash depths of 50-80 mm being initially more manageable.  However, on-going 


ash-storms repeatedly damaged pastures, crops and livestock, and reduced soil fertility, causing 


agricultural recovery to be extremely slow and challenging (Wilson et al. submitted-b).   
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8.4.3 Steppe 


Farms in the Argentine steppe are typically very large (often tens of thousands of hectares) and run 


very low stocking rates (<0.1/ha).  This region experienced up to 80 mm of ashfall, but more typically 


fall deposits were between 1-50 mm (Scasso et al. 1994).  This was enough to cover sparse feed 


resources and fill shallow watering holes.  Extreme effects from wind remobilised ash exacerbated 


and prolonged these problems (Wilson et al. submitted-b).  The fine ash (<0.5 mm) from primary 


ashfall and from ash storms penetrated houses, making them “uninhabitable” (Scasso et al. 1994; 


Wilson et al. submitted-b).  Farmers in the region evacuated into towns, such as Chile Chico, Los 


Antiguos, Perito Moreno and Puerto San Julian due to household contamination and health fears.  


Impacts on livestock were extreme, with starvation, acute dehydration, and tooth abrasion leading 


to widespread and severe livestock losses (Wilson et al. submitted-b; Rubin et al. 1994).  Livestock 


watering holes were contaminated with primary and windblown ash, creating muddy “death traps” 


for starved and exhausted livestock.  Livestock were dispersed across the large farms, making them 


difficult to muster for supplementary feeding and provision of fresh water.  Ash-storms reduced 


visibility and made movement difficult, compounding recovery problems.  The large steppe farms 


had few technological improvements, such as irrigation or wind breaks to mitigate impacts or assist 


recovery (Wilson et al. submitted-a).  The poor financial state of farmers limited any capacity to 


absorb losses and forced abandonment of many farms in the ensuing months, particularly as ash-


storms continued to bury or destroy scarce feed.   


A substantial human evacuation out of remote, extensive farming areas around Chile Chico, Los 


Antiguos, Tres Cerros and Puerto San Julian was reported following the ashfall and subsequent ash-


storms1.  Farmers evacuated “temporarily” due to remobilised ash from strong winds and fine ash 


contaminating house interiors.  However, this ultimately became permanent abandonment, because 


ash storms continued to damage vegetation and livestock.  Farmers were forced to lay-off workers 


and ultimately abandon their farms.  As many as 80% of extensive pastoral farmers in the steppe are 


thought to have abandoned their farms due to productivity losses and health effects from wind-


blown ash, according to former Perito Moreno agricultural officer Shaquib Hamer.  Farmer and 


mechanic Don Hugo Ciselli estimated 70-80% of people had left the Tres Cerros area (~100 people).  


                                                           
1 Because of farm abandonments there were few farmers available to interview In the Argentine coastal steppe.  Therefore information 


was obtained by interviewing municipal officials and the former Mayor of Puerto San Julian.   
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He said approximately 50 farms have been abandoned in the area, but not sold, although recently 


(2008) 2-3 farmers have returned.  Former Mayor of Puerto San Julian, Alberto James Alder reported 


that approximately 7,000 people were forced from their farms in the local area.  Farmers evacuated 


immediately after and headed for town or relatives.  Most went back periodically to check on their 


farms but ultimately realised sheep farming was no longer viable.  These farms had been struggling 


prior to the eruption with dry conditions and low wool and meat commodity prices.  The eruption 


and on-going ash-storms appeared to have accelerated their decline (Wilson et al. submitted-a).   


8.5 Livestock evacuation  


A significant animal welfare crisis rapidly developed during and following the ashfall, with farms 


overstocked and the scarce feed buried under ash and snow.  Farmers rapidly exhausted limited 


supplementary feed stocks, whilst Chilean government agricultural agencies SAG and the Instituto 


de Desarrollo Agropecuario (INDAP) attempted to organise and assist with evacuating livestock and 


sourcing further supplementary feed.  Livestock evacuation operations began in the Ibáñez valley 


area almost immediately and later in Chile Chico.  Livestock trucks were used to bring in 


supplementary feed into the affected area including over 100,000 kg of molasses and 30,000 bales 


(30 x 40 x 120 cm) of hay. An estimated 5,000 cows and 3,000 sheep were evacuated out from all 


affected areas (Mario Christian Moreno, Regional Secretary, INDAP, pers. comm., 2008).  


Interviewed SAG and INDAP officers recalled that there was significant confusion during the initial 


stages of the agricultural emergency response, particularly with respect to what should be done and 


how severe the impact was.  Lack of an accurate livestock census was a significant deficiency for 


emergency response planning.  The number of livestock thought to be in the area was significant 


higher than official figures, which led to a major underestimation of the number of livestock 


requiring feeding and evacuation.  Sourcing additional supplementary feed from surrounding regions 


was extremely difficult, due to the time of year and recent dry conditions.  Logistical coordination 


problems impeded supplementary feed reaching staging posts in the disaster zone.  Transporting the 


feed to impacted areas was also difficult, as ashfall covered roads and mixed with snow, making 


traction very difficult.  Wind-blown ash inhibited visibility.  Trucks were only operated on roads with 


thin to moderate ash falls (<50 mm of compacted ash), but the main access road into the Rio Ibáñez 


valley became covered in heavy ash deposits making traction difficult.  Rain and snow in mid-August 


turned the ash to thick mud, making access impossible for heavy vehicles, and required livestock to 


be walked out to staging points (Don Julio Cerda Cordero, pers. comm., 2008).  Falling and 


remobilised ash dramatically cut visibility, making it difficult to drive.  Evacuation/feeding operations 
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had to be halted for several days from 15 August due to the poor conditions.  Sheep and cows 


abandoned on farms chased vehicles, hoping they would be fed, and sometimes blocked road traffic.  


Ash deposits had compacted sufficiently by mid-September so that trucks could access farther up 


the Ibaenz valley (Don Julio Cerda Cordero pers. comm., 2008).  However, the main evacuation 


efforts only lasted until early September (Mario Christian Moreno, Regional Secretary, INDAP, pers. 


comm., 2008).  The Chilean government assisted by paying for supplementary feed, but did not 


assist with transportation costs (Don Julio Cerda Cordero, pers. comm., 2008).   


The decision to evacuate livestock was in the hands of individual farmers and on their financial 


means.  Most were unable to evacaute.  Some farmers even halted and unloaded their livestock 


from trucks, after government agricultural agencies had loaded their livestock onto trucks.  There 


was no threshold of ash depth that dictated the necessity for evacuation.  Light ashfalls may have 


contaminated water supplies forcing evacuation. In other cases there may have been significant 


thicknesses of ashfall, but with access to sufficient clean water and supplementary feed, animals 


could survive (Don Julio Cerda Cordero pers. comm., 2008).  Cows were generally evacuated 


preferentially due to their higher value. Farmers were required to find a location where the livestock 


could go, so only those with contacts outside the impact zone were able to evacuate their livestock.  


When combined with the poor access to impacted areas and high animal mortality rates, only a low 


percentage of livestock in the heavily impacted areas were moved.  Farmers who did evacuate their 


livestock were often later forced to sell them at very low prices to avoid paying for hired grazing.  


Often this did not cover the evacuation transport costs.   


Uncertainty of health impacts on livestock, livestock feed availability, medium term pasture recovery 


and the threat of future eruptions motivated livestock (particularly cattle) evacuation from Chile 


Chico by ferry to Puerto Ibáñez and later by truck across the border at Los Antiguos, driving around 


Lago Buenos Aires and back into Chile.  Argentine border controls were relaxed to assist the 


evacuation of people and livestock.  Blocked roads meant livestock could not initially be evacuated 


from Los Antiguos, leading to severe losses in sheep herds from starvation once supplementary feed 


was exhausted.  When roads reopened livestock feed was brought in and some animals transported 


for sale. 


The speed of evacuation was crucial for animal welfare.  Livestock were already in poor condition, 


and began dying within days of feed being covered by ash.  Some evacuated livestock died during or 


immediately following evacuation due to gastro-intestinal complications, usually starvation related.   
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8.6 Impact of Farm Abandonment 


Most farmers initially believed they would only evacuate their farms for a short-period (days to 


weeks).  In the weeks, months and years after the eruption it became evident that wind-blown ash 


and household contamination (leading to health concerns) were continuing hazards.  In many areas 


pastoral farming was no longer viable until vegetation recovered.  Large scale livestock deaths and 


evacuations led to significant de-stocking of farms and otherwise compromising productivity.  Land 


values were significantly depreciated, livestock assets all but lost, and with continuing impacts from 


ash storms, farmers were commonly forced from their lands, particularly in the Ibáñez valley and in 


the steppe region.  Farmers leaving the area attempted to sell their farms, but struggled to find 


buyers or refused to accept the very low prices offered, so abandoned their farms but planned to 


return later.  The Chilean government purchased some badly impacted farms in the worst affected 


areas of the Ibáñez valley, but there was no such support for farmers in the Argentinean steppe (see 


Wilson et al. submitted-a).  This created a significant social problem, because the impacts ruined 


farmer’s financial equity and since most only knew sheep farming, they had few other employment 


prospects.  All interviewed farmers said they had always expected to return to their farms, citing 


strong family ties and emotional attachment.  In general, elderly farmers were more likely to 


evacuate their farms and were less likely to return, citing they did not have the physical or emotional 


energy to recover from the eruption event.  The impact of the loss of financial equity was 


exacerbated and mentally crushing for displaced elderly farmers, who either expected to retire on 


their land or use the money from the sale of their farm to support retirement.   


The death of animal populations on a large scale was also very difficult for pastoral farmers to cope 


with (Hall et al. 2004; Jenner 2007).  Social and economic distribution from evacuation and reaching 


the difficult decision of whether to abandon farms compounded stress. 


 


8.6.1 Why did they return? 


Many abandoned farms had been re-occupied in the Ibáñez valley by 2008.  However, few had been 


returned to in the steppe region, despite having experienced thinner ashfalls. A key factor for 


returning was the sufficient recovery of vegetation.  In the Ibáñez valley with increasing ash 


thickness, the duration of abandonment increased (Figure 8.2).  Within 1-5 years many farms close 


to Cerro Castillo were inhabited again (50-70 mm ashfall).  By 1994-95 reworking of ash by wind and 


water had in places slowed and had also exposed the original soil surface (Wilson et al. submitted-a).  


In the upper Ibáñez valley with a total coverage of >500 mm ash, farms were abandoned for up to 10 
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years.  Eventual vegetation recovery was aided by wind removing ash overburdens, and of spreading 


of seed and hay on the ash deposit to re-establish pastures (Wilson et al. submitted-a).  Despite re-


habitation by 2008, agricultural production was extremely low compared to pre-eruption condition.  


Areas with greater than 1.5 m ashfall did not support any farming in 2008.  The poor chemical and 


physical fertility characteristics of the ash inhibit pasture re-establishment (Wilson et al. submitted-


a).  Stabilisation of ash deposits against wind erosion was an important factor to allow vegetation 


recovery, especially in the dry, windy steppe region (Wilson et al. submitted-b).   


 


Figure 8.2: Time till farm reoccupation following the 1991 Hudson eruption 


 


Factors influencing farmer's return included financial capacity, a decrease in health fears with the 


reduction of ash storms, and the strength of emotional attachment to the land.  Farmers found it a 


challenge to raise the necessary funds to bring farms back into production, despite credit assistance 


available from government agricultural agencies, such as INDAP in Chile.  In the steppe region, the 


huge cost of re-stocking and re-developing farms was a significant barrier.  The three farmers 


interviewed who maintained farms either at Tres Cerros or Puerto San Julian maintained significant 


other business interests to provide financial security.  Some farms diversified and changed land use 


practices.  In the upper Ibáñez valley with ash >1 m, farmers mostly relied on lumber and fire wood 


extraction and carried few livestock.  Farms were planted in exotic pine forestry in some areas with 
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1200 mm of ash. There was no evidence of land disputes between farmers or resettlement unrest 


occurring at Hudson, contrasting with the aftermath of the Parícutin eruption, where murders and 


suicides occurred (Rees 1979). 


   


8.7 Conclusions 


The impacts from the ashfall and ash storms resulted in evacuations out of the area in the short and 


long term.  The following types of responses were identified from interviews: 


 Short-term (<3 months) evacuation  of farms and rural towns due to ashfall and ash storm 


impacts on public health and essential services; 


 Evacuation of farms for usually <1, but up to 4 years following ashfall and subsequent 


intense ash-storms, which reduced farm productivity in the short term by burying feed; 


 Abandonment of farms and permanent migration (usually following farm sale) from areas 


that suffered a long-term decline of agricultural income due to destroyed vegetation and soil 


from ashfall and ash-storm effects, drought and falling commodity prices (usually in the 


steppe); 


Widespread farm abandonments (>3 years) occurred in two areas with different climate, agricultural 


practices and which received very different ashfall depths; the Ibáñez valley (500->2000 mm), and 


the steppe region of extensive pastoral ranch style farming (<75 mm).  Household contamination 


and health concerns from ashfall and ash storms motivated human evacuations from farms and rural 


towns up to hundreds of kilometres from the erupting volcano.  Destruction of farm resources, such 


as pastures, soils and animals and inability to restore feed production, meant pastoral farming 


became unsustainable. This often turned the evacuation into abandonment, with farming only viable 


once vegetation recovered.  The financial capacity of farmers was important in their resilience and in 


enabling their return once conditions improved.  Farms and farmers under pressure from marginal 


economic returns were less likely to cope with the ‘shock’ of the ashfall.  On-going impacts from ash 


storms and the financial requirements necessary to restock farms and invest in soils and pastures 


created further barriers to return to farming.  Some farmers maintained other financial interests 


during this transition.   


It is important to recognise the substantial loss of equity farmers suffered in their land and livestock 


value within days of heavy ashfall.  This created major social problems and led to significant 


migration from the region.  The most vulnerable were elderly farmers relying on the equity to assist 
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retirement.  Farmers who returned cited strong family ties, emotional attachment to the area, and 


residual economic value in the land as factors driving their decision,  despite the hardships and low 


economic returns.   


It has been recognised that people may not evacuate if there is no clear planning for their pets or 


livestock (Zeigler et al. 1981; Heath et al. 2001a;b; Hall et al. 2004; Hunt et al. 2008).  Concerns for 


livestock dictated some farmer's actions when considering evacuation, but ultimately the death of 


animals, fear of roof collapse, and health concerns motivated most to evacuate.  The evacuation of 


livestock was a secondary priority to human evacuation, but since livestock represent significant 


economic value to impacted farmers, there may be strong desire and even economic justification to 


remove livestock from an impact area.  High livestock populations of large animals such as cattle 


create significant logistical problems, especially if road access is limited (Wilson et al. 2009).  


Evacuation of livestock around Hudson was not very successful nor economically justifiable.  


Livestock truck access to the impacted area was difficult due to limited roads, ashfall and snow 


induced blockage, and remobilised ash inhibiting visibility.  The lack of reliable records of Chilean 


livestock populations severely inhibited evacuation and efforts to supply supplementary feed.  The 


poor condition of livestock often made evacuation uneconomic as well as reducing the resilience of 


livestock to cope with the eruption impacts and the stresses of transport.  The lack of capacity within 


the local livestock market and lack of available grazing for the influx of transported livestock were 


important failings of the evacuation effort.   
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1996 Ruapehu eRuption. 


 Volcanic centRes
Volcanic activity, although relatively rare in 
New Zealand, is a major natural hazard that can 
inflict widespread damage to life and property. 
Ten volcanic centres in the North Island are 
considered active.


WaRning signs
A volcano can show signs of unrest weeks prior to 
an eruption, however predicting the timing, 
magnitude and distribution of volcanic eruptions 
is not an exact science – so be prepared for false 
alarms.


GeoNet (the government volcanic monitoring 
network) continuously monitors volcanic activity 
in New Zealand. Volcanic alerts are 
communicated through bulletins issued to local 
and regional authorities, and the media. 


Be aware that volcanic eruptions may not be 
short-term events. Volcanic unrest may continue 
for extended periods.


 Volcanic ashfall
Volcanic ash can potentially be distributed 
hundreds of kilometres from the volcano, even 
through relatively small explosive eruptions.


Volcanic ashfall presents the biggest volcanic 
threat to New Zealand’s primary production 
industry. The impacts of other hazards such as 
lahars, pyroclastic airborne deposits and volcanic 
gases are likely to be restricted to much smaller 
areas.


Bay of islands
Volcanic field


Active in the past 
10 000 years


White 
island


mayoR 
island


okataina Volcanic centRe
– tarawera Volcano
– haroharo Volcano
– edgecumbe Volcano


taupo Volcanic centRe
– taupo Volcano


auckland 
Volcanic field


Active in the 
past 300 years


taRanaki
Volcanic 


field


tongaRiRo Volcanic 
centRe
– Ruapehu Volcano
– ngauruhoe Volcano
– tongariro Volcano







case study 1 
liVestock impacts fRom the 1991 eRuption  
of hudson Volcano, chile 


The eruption deposited volcanic ash over an area 
of 150 000 km2, mainly in the Santa Cruz province 
of Argentina, but also as far away as the Falkland 
Islands. 
Several million livestock perished across the 


region, primarily due to gastrointestinal 
complications from ingestion of ash and starvation 
due to covered feedstock. 
Sheep were especially badly affected, as their long 


winter fleeces were contaminated with ash which 
weighed them down heavily and contributed to their 
stress. The eruption occurred at the end of a hard 
winter which also meant livestock were in poor 
condition and there was limited supplementary feed 
available.


Fine ash is generally more damaging and can be transported further 
than coarse ash.


chaRacteRistics:


small, jagged pieces of rocks, minerals and volcanic glass (as 
pictured below); 
hard, silica-based and does not dissolve in water;
extremely abrasive and mildly corrosive;
conducts electricity when wet.


damaging effects:


penetration of human and animal lungs causing respiratory distress;
penetration of buildings and machinery;
high level of acidic surface coatings;
adheres readily to crops.


The characteristics of the ashfall deposited can vary at different 
locations.


ashfall thickness depends on:


size of the eruption and the volume of material erupted;
distance of a particular site from the volcano;
wind and climatic conditions controlling the ash plume dispersal.


In the event of an eruption, government agencies will rapidly analyse 
volcanic ash and communicate key findings to the public. Findings 
will help predict effects, and direct mitigation and rehabilitation 
strategies. 


›


›
›
›


›
›
›
›


›
›
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 pRojected economic losses
For New Zealand’s active volcanic centres, small eruptions such as 
the 1995/96 eruptions of Ruapehu Volcano are most probable. 
Larger volcanic centres, such as Taupo and Okataina, are capable 
of major eruptions although these are relatively rare. 


If the 1315 AD Kaharoa eruption from the Tarawera volcano were 
to happen today, it is predicted that over 13 000 farms would be 
affected by 20mm of ashfall, and approximately 2200 farms could 
receive as much as 100mm ashfall. Economic loss modelling 
suggests that this could cause losses of $2.5–2.9 billion to dairy 
farming alone. 


Even a small eruption from Ruapehu volcano, which would affect 
approximately 1700 farms through light ashfall (under 20 mm) 
could cause an estimated $1.0–1.3 million in losses to dairy 
farming – mainly due to reduced animal weight gain and reduced 
pasture growth.


Electron microscope image of ash particles.
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effects on pRimaRy pRoduction
Even small quantities of volcanic ash can have serious impacts, 
particularly on rural areas, including:


contamination and disruption of water supplies;
contamination of pastures resulting in reduced availability of feed 
and livestock growth;
increased maintenance costs, and corrosion of vehicles and 
machinery;
reduced crop yields and quality;
adverse effects on livestock health;
disruption to power supplies, transportation and communication 
systems. 


folloWing a Volcanic eRuption it is impoRtant to:


stay aware of the condition of livestock;
confine stock to a few small paddocks close to supplementary feed 
reserves to reduce their exposure to heavier ashfall.


 people
Volcanic ash impacts on human health and wellbeing include: 


respiratory effects causing irritation to nose, throat and airways;
eye irritation including painful scratches in the front of the eye 
and conjunctivitis;
skin irritation (particularly if ashfall is acidic);
contamination of domestic water supplies (especially roof-fed 
household water tanks);
clean-up dangers (risk of injury during activities such as roof 
cleaning).


peoples’ safety should Be the fiRst pRioRity:
Wear a mask and goggles when operating in an ashy environment.
Reduce ash in your household by keeping doors and windows 
closed, and stopping draughts with damp towels.


›
›


›
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Take extreme care, especially when cleaning up, as ash will make 
surfaces slippery.


In a major eruption it may be necessary for everyone on a farm to be 
evacuated. In this instance, remember to take pets and working dogs.  
If possible, move livestock into covered yards or barns to protect them 
from direct ashfall but do not turn stock loose onto roads as they may 
hinder evacuation procedures and emergency services. 


 liVestock
The main issues will be the contamination, and possible destruction, 
of pastures and water supplies which can put stock off eating/
drinking. If possible, locate stock in areas with access to clean water 
supplies, close to the homestead, and with access to supplementary 
feed and water.


Protect supplementary feed supplies by ensuring they are fenced off 
and covered. If practical, cover stock water troughs for the duration of 
an ashfall. 


physical impacts on liVestock include:


eye and skin irritation;
respiratory distress;
abrasion of teeth and hooves;
contamination of fleeces;
blockages of the gastrointestinal tract if quantities of ash are 
consumed.


The physical effects of ash usually predominate over chemical impacts. 
However, toxic effects due to the presence of fluoride, selenium and 
sulphur can also be a problem. Of these, fluoride toxicity is the most 
common problem. High sulphur concentration in the ash may also 
induce copper and cobalt deficiencies.


›


›
›
›
›
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ashfall on sheep afteR the Ruapehu eRuption 1996.
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case study 2 
fluoRide toxicity fRom the 1995/96 eRuptions 
of Ruapehu, neW Zealand


Volcanic ash from the eruptions contained high 
levels of fluoride. 


Over 2000 lambs and ewes in the North Island 
died from acute fluoride poisoning after ingesting 
ash-contaminated pasture over several days. The 
animals were under considerable stress following 
a hard winter and had lambs at foot. 


The first sheep deaths on the Rangataiki plains 
in Taupo began nine days after 1–3mm of ashfall, 
and continued for a further seven to 10 days, 
affecting two to three percent of the flock.


Fluoride toxicity can fall into two categories – acute (short-term 
exposure to high concentrations) and chronic (longer-term 
exposure to lower concentrations).


acute fluoRosis symptoms include:


livestock collapsing on their front legs;
lesions in the nose and mouth;
hair falling out around the mouth;
nutritional and stress-related disorders;
convulsive seizures, pulmonary oedema, kidney and liver 
changes;
tooth condition known as “spiking” may cause outgrowths to 
develop on molars and making chewing difficult. 


chRonic fluoRosis symptoms include:


impaired tooth development in young animals resulting in 
mottling and erosion of enamel and excessive tooth wear;
lameness;
skeletal deformity;
reduced feed and water intake;
lower weight gain and milk production.


Chronic fluorosis usually takes weeks or months to appear. If you 
are concerned about toxic effects of ash on livestock, seek 
veterinary advice as soon as possible.


liVestock eVacuation
The logistics involved in mounting a rescue operation for animals 
mean a major livestock evacuation would face numerous 
challenges.


The number of animals that could be moved to safety depends on:
time available;
number of truck and trailer units required;
number of round trips able to be made per day;
volcanic impacts on farm and transport infrastructure;
limited feed sources and facilities for handling evacuated 
livestock at final destination.


If livestock evacuation is a possibility, farmers and rural 
organisations in a region should formulate plans before an 
eruption crisis, including priority of evacuation, potential 
evacuation destinations and reserves of supplementary feed. 


 WateR supplies
Groundwater-fed supplies are relatively resilient to ashfall 
contamination. However, extraction equipment such as electric 
pumps and windmills are vulnerable. Springs offer a source of 
uncontaminated water and should be fenced off from livestock 
following an ashfall. 


Surface water supplies such as dams and streams are vulnerable to 
ashfall contamination. 


majoR effects on RuRal WateR supplies are likely to include:
turbidity (high levels of suspended ash in water) causing 
clogging of fine irrigation nozzles and accelerated wear and tear 
on equipment such as pumps;
water sourced from roof-fed household water tanks becoming 
undrinkable due to a bitter, metallic taste;
heavy water demand for clean-up operations;


›
›
›
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›


›


›
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abrasional damage to moving parts of equipment and motors, 
and arcing and flashover damage to electrical equipment;
power cuts affecting electrically-powered water supplies.


shoRt-teRm effects on suRface WateR supplies are likely to 
include:


lower pH;
increased turbidity;
elevated levels of iron and aluminium affecting palatability of 
the water.


Livestock are likely to tolerate short-term consumption.
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1996 Ruapehu eRuption at dusk. 


 hoRticultuRe
There is little that can be done to protect horticultural crops from 
ash deposits. The extent and nature of crop damage depends on the 
type of crop, stage of crop development, the depth of ashfall and 
characteristics of the ash. The timing of the ashfall in relation to 
weather events is also important. The types of damage from ash 
deposits on horticultural crops are also likely to increase the 
susceptibility of crops to disease. Harvesting operations are likely to 
be disrupted due to abrasion to machinery, visibility problems and 
health hazards.


effects on hoRticultuRe aRe likely to Be:


transpiration and photosynthesis inhibited due to clogged leaf 
pores blocking sunlight;
contamination of edible parts of crops, and fruit and leaf 
blemishes, can occur – making crops unsuitable for sale and 
consumption. Affected crops may require testing to determine if 
they meet food safety standards after an eruption;
defoliation may occur as the weight of heavy ashfall can strip 
leaves and break weak branches, particularly if the ash is wet;
disruption of pollination processes which may result in reduced 
fruit set and smaller or deformed fruit;


›


›


›
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case study 3 
modelling liVestock eVacuation


A study modelling the evacuation of livestock from 
the Taranaki region in the event of a large volcanic 
eruption found that over 208 000 cows would need to 
be evacuated from farms receiving at least 100 mm 
of ashfall. Other findings were that this scale of 
evacuation would take at least 43 600 hours and cost 
in excess of NZ$2 million.


Evacuation would require 264 livestock truck and 
trailer units working around the clock for seven days, 
or 88 units working continuously for 21 days. 


An evacuation of this size has never been attempted 
in New Zealand. It is doubtful that there would be 
sufficient transport resources to evacuate stock before 
supplementary feed and water supplies were 
exhausted, and doubtful that surrounding regions 
could support this number of evacuated stock.


acidic ash may cause burning of plant tissue causing death of 
plant buds, and russet, delayed maturity, fruit drop or impeded 
colour development in fruit.


Consider covering or washing ash off particularly valuable crops, 
and stocking up on sprays and protective treatments for crops as 
appropriate. 


After an eruption, options for removing ash from crops include 
using overhead irrigation, shaking crops and using air blowers. Ash 
should be cleared from the base of trees and vines to prevent plant 
disease or death. Mixing the ash into the topsoil is well suited to 
annual crops where regular cultivation is a normal practice and 
adding organic matter and fertiliser will encourage plant and root 
growth. Defoliated trees will probably drop fruit. However, where 
there is partial defoliation, thinning of fruit to better align the ratio 
of leaves to fruit should be considered.


Ashfalls can also have a serious effect on insects and birds, 
disrupting the spread of pollen. Bees are especially vulnerable to 
airborne ash, as the surface characteristics which make them 
effective pollen collectors also make them effective collectors of ash. 
Relocating beehives out of the areas likely to receive significant ash 
will assist hive survival. 


 foRestRy
Production forests are thought to be relatively resilient to even 
heavy ashfalls. The extent to which ashfall will affect forestry 
plantations will depend on the age/size of the trees and the depth of 
the ash.  Small, young trees are more vulnerable to chemical impacts 
and branch breakage.


effects on the foRestRy industRy are likely to include:
suspension of harvesting operations to avoid equipment damage 
and human health hazards;
bending and breakage of branches and tree tops due to weight of 
ashfall;
potential for lightning strikes which may start forest fires;
logs being more prone to sap stain.
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otheR pRoBlems folloWing Volcanic actiVity


VulneRaBility of electRicity supplies:
Volcanic ash is conductive when wet and deposition of ash on 
electrical equipment can cause widespread damage and disruption 
to electricity distribution networks. This is likely to be a major 
disruptive factor for modern farming operations.


faRm equipment:
Farm machinery are likely to be severely impacted. Motorised 
equipment may suffer abrasional damage to motors and other 
moving parts, there will be accelerated wear and tear on seals and 
bearings, and ash will clog air, oil and fuel filters. 
Vehicle radiators and milk and fruit cooling vats may block with 
ash, leading to reduced cooling efficiency.
Computer and electrical equipment will be susceptible to damage 
and arcing if damp volcanic ash penetrates seals.


 tRanspoRt:
Driving during ashfalls should be avoided because of reduced 
visibility, obscured road markings and slippery surfaces which give 
reduced traction. 


telecommunications:
Disruption to telephone and radio communications is likely as 
ash particles may penetrate contact breakers and induce short-
circuiting. 
Telecommunication exchanges are susceptible to ash damage 
and power outages, which may cause disruption to landlines and 
mobile phone networks, and internet access. 
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 long-teRm planning
Planning well in advance of adverse events such as volcanic eruptions 
could really reduce losses in a crisis. Discuss potential vulnerabilities 
and how they might be mitigated with neighbours and local rural 
groups. 


 planning ahead
Stock up on general emergency supplies such as a reserve of water, 
food, batteries, candles, and gas/fuel for at least three days.
Ensure farm insurance cover is adequate and covers crop, livestock 
and/or pasture insurance for volcanic impacts.
Maintain a resilient power supply by checking power lines and poles 
are in good working order and free from overhanging branches, 
purchasing a generator and ensuring key equipment can be run from 
tractor power take-offs (PTOs).
Keep water distribution systems well-maintained; connect 
distribution systems with separate sources into a single network, 
have maximum storage in covered water supplies where possible and 
ensure sumps, drainpipes and drain grills are clear.
Ensure farms have adequate tank water storage and that stored water 
can be distributed if pumping facilities are disrupted, by locating 
tanks on top of topographic highs so water can be gravity-fed. 
Take steps to protect the farm’s household water supply by installing 
a disconnect valve on roof-fed rainwater tanks and stockpiling 
bottled water. 
Have access to a 4WD vehicle if possible to ensure mobility during 
natural disasters.
Have a good supply of engine and milking machine filters, 
lubricating oil, brake and hydraulic fluids, and seals.
An air compressor in good working order is useful for cleaning ash 
from machinery.
Locate sites, away from critical farm areas, suitable for dumping 
ash after a clean up and consider what can be used to cap the ash 
deposits – e.g. soil may prevent ash being remobilised by wind or 
water erosion.


›


›


›


›


›


›


›


›


›


›
Recommendations
The following recommendations are intended to 
increase preparedness for volcanic ashfall, mitigate 
against damaging effects, and promote rapid recovery 
to full production.
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Ensure ladders, brooms, shovels, and bucket and blade 
attachments on tractors are on hand for cleaning up.
Stay up to date with servicing of equipment and machinery.
Stock up on preventative masks and goggles.


 afteR an eRuption
Prioritise farm activities by developing a list of facilities that 
must be kept operative versus secondary operations.
Clean-up of roofs, roads, tracks and paved surfaces should be 
considered a priority to prevent remobilisation of ash. Damp 
down fine ash with a small amount of water and sweep with a 
broom. Too much water will result in a slurry that may set hard, 
block drains and make removal more difficult.
Be careful to conserve water supplies.
Remove ash from roofs to prevent them from collapsing.
Regularly check pumps, filters and water intake structures for 
blockages and signs of damage.
Build back better; reconstruct water and electricity supply 
systems or equipment in  a more resilient manner to prevent 
reoccurrence of the same problems.
Analysis of soil fertility indicators can help inform the best 
management approach for soil rehabilitation
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 appendix
lahaR: Lahar is an Indonesian word describing mud flows and debris 
flows that originate from the slopes of a volcano. Lahars consist of 
mixtures of erupted volcanic material and water which flow downhill, 
typically following existing drainage systems. Lahars can be highly 
dangerous because of their speed and highly destructive to objects in 
their path.


Typically, lahars will impact flood plains and livestock should be 
removed from low lying areas if this is a potential hazard to your 
farm. Contact your regional council for advice.


pyRoclastic aiRBoRne deposits: Explosive eruptions produce blocks 
(solid) and bombs (molten) that usually land within two kilometres 
of the vent, and volcanic ash that can be deposited up to hundreds of 
kilometres distant.


gRound-hugging floWs: Unless it is a very large eruption, pyroclastic 
flows, lava flows, and ballistic blocks and bombs, are unlikely to travel 
far enough from the volcano to cause a significant hazard to primary 
industries.


Volcanic gases: Volcanic gases such as CO2 and SO2 may result in 
acid rain causing damage to plants, buildings and equipment. These 
gases present risks downwind from the erupting crater and are 
typically only a hazard within several kilometres of the crater.


moRe infoRmation


Volcanic monitoRing in neW Zealand


www.geonet.org.nz/ 


health haZaRds of Volcanic ash and guidelines on household pRepaRedness 
BefoRe, duRing and afteR an ash fall


www.ivhhn.org


impacts of Volcanic eRuptions to infRastRuctuRe and communities 
– Volcanic ash impacts WeBsite


volcanoes.usgs.gov/ash 


impacts of Volcanic eRuptions on agRicultuRe, hoRticultuRe and foRestRy 
and potential mitigation measuRes


www.maf.govt.nz/mafnet/rural-nz/emergency-management/
volcanoes/volcano-erruption-impact/httoc.htm
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Overview 


Chapter 5 is the first case-study and illustrates the difficulties in re-establishing pasture on volcanic 


deposits, highlighting the need for satisfactory soil fertility conditions, appropriate seed selection, 


and appropriate use and timing of cultivation techniques.  This chapter describes the successful 


establishment of pasture on a coarse-grained tephra deposit which has experienced extreme 


reworking by wind and rain erosion, where topsoil was reconstructed, and various planting methods, 


seed types and fertiliser regimes tested.  It also describes the societal benefits a successful 


programme may achieve. 
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and emergency management officials in Heimaey, laboratory analyses, literature review and wrote 


the manuscript.  Mr. Gisli Oskarsson provided his personal knowledge of the design and application 


of the rehabilitation programme.  Dr. Graham Leonard and Assoc. Prof. David Johnston assisted with 


interview- and field-work in Iceland and discussion on the development of the manuscript.  Assoc. 
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Prof. Shane Cronin advised on sedimentology and soil science.  Assoc. Prof. Cronin, Assoc. Prof. 


Johnston and Dr. Árman Höskuldsson provided in-depth reviews of the manuscript.   


5.1 Abstract 


Following the 1973 basaltic eruption of Eldfell on Heimaey Island, Iceland, thick basaltic scoria ash 


and lapilli fall deposits mantled the eastern side of the island, including parts of the nearby town of 


Heimaey.  These were subsequently remobilised by strong easterly and south-easterly winds 


towards the town.  The wind-blown scoria abraded house exteriors, contaminated interior living 


spaces, blocked sunlight and inhibited vision during the “ash-storm” events as well as damaging 


vegetation and hindering its recovery.  The psychological distress of these ongoing events on local 


residents and their physical impacts triggered a need to stabilise the tephra deposits.   


This study describes a stabilisation program put in place for the basaltic scoria of the 1973 Eldfell 


eruption, where topsoil was reconstructed, and various planting methods, seed types and fertiliser 


regimes were tested.  It is clear that the timing of plantings and stabilisation programs should take 


full note of weather conditions to promote maximum vegetation growth.  The treatment was highly 


successful in mitigating the nuisance of wind-blown scoria for Heimaey town and aiding the 


psychosocial recovery of the population by enabling the return of normal green pastures. 


5.2 Introduction 


Recently deposited tephra material (including scoria) is readily remobilised by wind and water, 


leading to ongoing impacts for communities in downstream or downwind areas after eruptions.  In 


1973 the Eldfell basaltic eruption on the island of Heimaey in Vestmannaeyjar (the Westman islands) 


of Iceland mantled the island in coarse scoria, and produced a scoria cone and lava flows (Figure 5.1; 


Self et al. 1974).   Subsequently, scoria was blown by strong winds towards the main population 


centre, Haimaey town, causing abrasion damage to homes, contaminating indoor living spaces, 


blocking sunlight and inhibiting vision. These scoria or ash-storms also prevented vegetation 


recovery, especially pasture recovery on the island.   
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Figure 5.1: Heimaey, located south of the Icelandic mainland, with isopach map of 1973 Eldfell 


scoria fall deposit (Self et al. 1974).  Map modified from Mattsson & Höskuldsson (2003). 


 


This study describes the methods used in a targeted stabilisation program for the 1973 Eldfell 


tephra, and the lessons learnt from it. Details of the stabilisation program were recorded during field 


site visits and through interviews of officials and residents during a visit to Heimaey in August, 2008 


as part of a wider study of the impacts from and long term recovery from scoria cone eruptions 


through urban environments (Lindsay et al. 2009).   


Wind remobilisation of tephra deposits can be a significant post-eruption hazard that can be at least 


as significant and often more debilitating than the original tephra fall event (Table 5.1).  In windy 


(and dry) environments, wind remobilisation of tephra falls may extend the impacts of an eruption 


for several years or even decades, such as following the 1991 eruption of Vulcan Hudson (Wilson et 


al. submitted; Inbar et al. 1991; Scasso et al. 1994).  Most post-eruption research has focused on 


fluvial remobilisation of tephra deposits, due to the high frequency and extreme hazard potential of 


rain-triggered lahars (e.g. Tilling & Lipman, 1993; Pierson & Scott 1985; Manville et al. 1999; Cronin 
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et al. 1997; Vallance & Scott 1997), particularly seen at Pinatubo, Philippines in 1991 (Janda et al. 


1996; Mercado et al. 1996). 


Table 5.1: Instances of damaging or disrupting wind-remobilised tephra 


Eruption Area 
Affected 


Problem Reference 


Novarupta-
Katmai, 
1912 (58° 
16' N) 


Alaska, 
United States 


Intense windstorms laden with large volumes of ash and 
lapilli were reported in the years after the 1912 eruption.  


Wind-remobilisation of fine ash from the Katmai 
volcanic region caused disruption of air traffic in 2003. 


Griggs, 1919; 
Hadley et al. 
2004;  
BGVN, 2003 


Mt St 
Helens, 
1980 (46° 
11' N) 


Eastern 
Washington, 
United 
States. 


Wind-remobilisation of fine ash was caused visibility 
problems for land-traffic and agriculture in eastern 
Washington, particularly in the Columbia Basin.  Low 
density coarse sand pumice was eroded into small-
scale dune formation, despite finer, non-vesicular 
tephra .  Problems was less severe than expected, due 
to below average winds and above average rainfall 
following the eruption, compacting the ash deposit, 
silt-cap development from dewatering and promoting 
vegetation growth which bound the ash deposit.  In 
built up areas Water was initially used to suppress 
wind-blown ash.  Longer term techniques included 
chemical stabilisation of wind-blown volcanic ash, 
which included spreading hydrated lime and various 
bitumen products (FEMA 1984).  In the city of Yakima, 
Washington, USA, sawdust was used to suppress 
wind-blown ash (Zais 2001). 


Cook et al. 
1981; Fowler 
& 
Lopushinsky, 
1986; Folsom 
1986; Blong 
1984; Harrison 
1982; Zais 
2001; FEMA 
1984 


Vulcan 
Hudson, 
1991 
(42° 50' S) 


Northern-
central 
Patagonia 
(Chile and 
Argentina). 


Strong westerly winds remobilised tephra caused 
significant and on-going impacts to land and air traffic 
across the area, and household contamination and 
human health fears in a number of rural communities.  
Agricultural production was affected through abrasion 
and sedimentation effects to livestock and vegetation 
from suspended and saltating grains.  The impacts 
contributed to economic and population decline in 
communities such as Puerto Ibaenz (Chile), Chile Chico 
(Chile) and Tres Cerros (Argentina).      


Wilson et al. 
submitted; 
Inbar et al. 
1995; Scasso 
et al. 1994; 
Bitschene, 
1995. 


Mt 
Ruapehu, 
1995-96 
(39°  16' S)  


Central 
North Island, 
New 
Zealand. 


Wind-remobilised ash caused some disruption and 
nuisance to vehicle traffic on the Desert Road, the 
national north-south highway. 


Johnston et al. 
2000 ; Dr. V. 
Manville pers. 
comm. 2008 


Vulcan 
Chaiten, 
2008 
(42° 50' N) 


Northern 
Patagonia 
(Chile and 
Argentina). 


Wind remobilisation caused health fears, visibility 
problems, household contamination, and agricultural 
disruption in Futaleufu (Chile) and Esquel (Argentina).   


  


 


There are few records of methods used to stabilise tephra to prevent the damage to agriculture and 


health and to minimise environmental impacts of its remobilisation by wind.  Much of the current 
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understanding of how tephra becomes stabilised in the landscape stems from experience following 


the 1980 eruption of Mt St Helens, (Folsom, 1986; Fowler & Lopushinsky, 1986): 


 Regeneration and maintaining vegetation cover reduces wind velocity at the ground surface, 


intercepts rain, and binds tephra particles together with root systems and humified organic 


matter; 


 Incorporation by cultivation or tillage; 


 Water percolation from the tephra layer into the underlying soil transports single grains into 


soil macropores, further stabilizing the deposit; 


 Frost heave and soil animals (earthworms, ants, beetles etc) assist tephra burial, especially  


in areas of thin tephra fall (<5-12 mm); 


 Development of an erosion resistant silt (fine-ash) cap by silt elutriation during dewatering 


and possibly exacerbated by rainfall compaction and salt/chemical precipitation; 


 Stockpiling and covering with an erosion resistant cover; 


 Reducing disturbance of consolidated deposits.   


Note this summary was developed for tephra fall with a maximum grain size <1 mm, in contrast to 


the coarser scoria lapilli-dominated deposits from the 1973 Eldfell eruption. Recent experiences at 


Puerto Ibanez, Chile, following the 1991 Hudson eruption and Futaleufu, Chile, following the 2008 


eruption of Vulcan Chaiten highlighted the lack of formal knowledge of techniques for stabilising 


pyroclastic deposits against wind erosion (Wilson et al. submitted; E. Ponce pers. comm., 2008), 


hence the importance of this study. 


Previous studies suggest that urban areas must be totally cleaned of tephra to mitigate continual 


wind remobilisation, but in comparatively large, sparely populated, agricultural areas this is often 


not economical or practical (FEMA 1984; Johnston et al. 2001; Blong 1984).  Instead strategies which 


stabilise the tephra deposit are desirable and typically cheaper (Sivakumar 2005).  Known tephra 


stabilisation strategies include (Sivakumar 2005; Wilson et al. submitted; FEMA 1984): 


 Reduce wind velocity by using live windbreaks or shelterbelts.  This could take the form of 


closely spaced trees or shrubs, or when required, rapidly man-made structures are more 


useful. 


 Stabilise loose sediment particles using crop residues, plastic sheets or chemical adhesives.   


 Increased cohesion of sediment particles by mechanical tillage or soil mulching.   


Quarrying of tephra deposits to utilise buried soil has been successful at Popocatépetl volcano, near 


the town of San Nicolas de los Ranchos, Mexico.  Over 1 m of Lorenzo (2150a) pumice was quarried 
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from several hectares on a farm in eastern Popocatépetl for aggregate and cinder block production 


(Siebe et al. 1996).  This exposed a paleosol with better physical soil fertility characteristics for maize 


crops, which were unable to be grown in the pumice-based surface soil (Prof. V. Neall, pers. comm., 


2009).   


Tephra stabilisation was required following the 1943-52 eruption of Volcán de Parícutin in 


Michoacán, Mexico.  The eruption produced 1.3 km3 of scoria fall covering ~300 km2 to depths >150 


mm, much of it fertile crop lands (Luhr & Simkin 1993; Fisher et al. 1998).  Within the first year 


tephra falls had killed nearly all plant life within 5–8 km of the cone allowing large-scale erosion of 


the unconsolidated tephra by wind and water.  Large, destructive debris-flows further buried 


agricultural fields and destroyed irrigation systems.  Farmers attempted to wash away the thick 


tephra by rerouting rivers, which only resulted in further incision and gullying.  Bulldozers were used 


to scrape tephra off the buried soil, but the huge area requiring clearing, continual remobilisation by 


wind and water, lack of tephra deposition sites, and large financial costs forced farmers to abandon 


this method (Rees, 1979; Ort et al. 2008).  In areas with <100-250 mm of tephra the best method 


was found to manually remove or rework the scoria via furrow ploughing into the underlying soil 


with weeds, which provided some nutrients (Fisher et al. 1998).  Despite the scoria being relatively 


rich in phosphorous (~17.4 ppm) compared to 3.3 ppm in underlying soil, the lack of other essential 


elements such nitrogen meant fertiliser was required in increased quantity and frequency of 


application (Rees, 1979; Ort et al. 2008).  Soil development and thus agricultural recovery eventually 


occurred over several decades, with varying degrees of success (Ort et al. 2008).  Areas with greater 


than 250 mm scoria fall were severely impacted and typically agriculture has not been restored (Ort 


et al. 2008).   


Stabilisation of unconsolidated sediment exposed to wind erosion is commonly carried out in post-


mining sites, fly-ash dumps, sensitive ecological areas and road construction.  Various techniques are 


used, such as quarrying, capping (typically soil for re-vegetation), windbreaks, mechanical 


compaction, granular stabilisation (e.g. aggregate) and chemical stabilisation (e.g. cement, lime, 


bitumen) (McNally 1998; Ingles & Metcalf 1972; Haynes 2009; Sivakumar 2005).  Sediment 


stabilisation by re-vegetation as a technique is often more desirable in terms of cost, environmental 


impact and aesthetical appeal (Haynes 2009).   Most re-vegetation strategies focus on achieving 


appropriate physical properties of the soil to support re-vegetation, appropriate species selection for 


the conditions, and increasing organic content in soils, to improve soil structure, chemistry, aeration 


and water availability (e.g. Haynes 2009; Skrindo & Pedersen 2004; Forbes and Jefferies 1999;  Tacey 


& Glossop 1980).   
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Traditionally, and often most successful, fly-ash dump site restoration uses a cover layer of top or 


subsoil (typically 5–10 cm deep) over the ash deposit to provide favourable physical soil fertility for 


plant growth, to supplement nutrient supply and to reduce the adverse effects of toxicities in the fly-


ash (Haynes 2009).  Where soil is not readily available dewatered biosolids, composted chicken 


manure, composted green waste or other organic amendments may be mixed (typically to a depth 


of 5–10 cm) with the surface layer of fly-ash, commonly with an organic mulch applied over the 


surface (Ussiri and Lal 2005; Haynes 2009; Hodgson & Townsend 1973).  Re-vegetation of bauxite 


mine sites in the Jarrah Forest, Western Australia, was most successful when 5 cm of freshly stripped 


A-horizon soil was applied with 20 cm of mixed topsoil stockpiled for two years (referred to as 


double-stripping), illustrating the importance of organic material (Tacey & Glossop 1980).  Forbes 


and Jefferies (1999) noted low moisture holding capacity, low nutrient content (especially 


phosphorus and potassium) and low organic matter constrained re-vegetation of gravel sites in 


arctic conditions.  McKendrick (1997) reported the most effective way to improve edaphic conditions 


at arctic gravel sites was the addition of fine textured soils which retain water and have a higher 


nutrient binding capacity.  


In windy environments protective vegetation, heather and surface crop residues assists soil 


stabilisation by reducing wind speed at the soil surface, soil water loss and shield the soil from 


saltating particles (Sivakumar 2005).  It also provides valuable organic matter for soil development.  


Stabilisation of erosion-prone volcanic soils by re-vegetation in the Rangipo desert, central North 


Island, New Zealand, relies on the application of cut native Manuka (Leptospermum scoparium) with 


mature seed-pods to the ground to provide protection from strong wind and apply seed matter.  


New Manuka and other native seedlings are able grow through the protective cut fodder (Schipper 


et al. 2002).   


 


5.2.1 1973 Eldfell Eruption 


The Vestmannaeyjar archipelago of 14 volcanic islands is situated 10 km off the south shore of 


Iceland (Figure 5.1).   They are part of the Vestmannaeyjar Volcanic System (VVS), which consists of 


70-80 monogenetic alkalic volcanoes distributed over a 38 km long, 30 km wide area covering ~850 


km2.  The most recent eruptions were Surtsey (1963) and Eldfell (1973).  Heimaey is the largest and 


only permanently inhabited island located at the centre of the VVS.  It is 6 km x 4 km with a surface 


area of 13.2 km2 (Figure 5.1).  Over the past 12,000 years 10 eruptions have produced a total magma 


volume of 3.2 km3. The highest peak is Helgafell, a scoria cone formed at 5,900 BP and rising to 280 


m above sea level.   
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The 1973 Eldfell eruption began on 23 January as a fissure-fed lava-fountaining eruption. Initial 


discharge was estimated at 250-500 m3 magma s-1.  Within 24 hours eruptive activity along the 


fissure had  concentrated at one vent location, Eldfell, with a sustained magma discharge (5-15 m3 s-


1)  being via strombolian explosions producing scoria at the same time as lava effusion.  The eruption 


continued through to early July, 1973.  Approximately 0.02 km3 of scoria was erupted and mantled 4 


km2, damaging the nearby town and burying farmland (Figure 5.1; Self et al. 1974).  An estimated 


lava volume of 0.21 km3 was erupted, covering 3.2 km2 and in doing so, increasing Heimaey’s land 


area from 11.2 km2 to 13.4 km2.  The new mountain, Eldfell, is a 130 m-high cone (223 m above sea 


level).   


Self et al. (1974) identified five separate scoria fall units (I-V) from the Strombolian phase of the 


eruption.  The grain-size distribution of Scoria Fall II is representative of all the units, with a median 


at 8 mm (Figure 5.2).  The fall deposit contains very little material finer than 1 mm, typical of 


Strombolian deposits (Self et al. 1974; Vergniolle & Mangan 2000).  Only 2.9% of Scoria Fall II on the 


island is finer than 1 mm, and only 5.2% of Scoria Fall I (Self et al. 1974).  The grainsize and thickness 


of the deposit sharply diminishes at the southern margin of the dispersal area.   


The eruption is perhaps best known for the lava flows which threatened to close Heimaey harbour 


and the lava cooling operations undertaken to prevent the loss of this vital economic and 


communication node (Williams & Moore 1983).  In addition, lava and heavy scoria fall destroyed 417 


houses, 30% of the total dwellings in Heimaey.  Approximately 400 more were damaged, mainly by 


scoria fall induced roof collapse and associated fire hazards (Williams & Moore 1983).  The eruption 


forced the immediate evacuation of the island’s population to the Icelandic mainland for 6 months 


between late January and June 1973. 


 


Figure 5.2 - Grainsize distribution of Fall Unit II (representative of fall deposit) from Spence et al. 


1974. 







135 
 


The scoria falls in the town required a major clean-up operation.  Buried houses and roads were dug 


out, roofs cleared of tephra, and household interiors cleaned to facilitate the return of the 


evacuated population.  Inadvertently this provided much needed aggregate for the island.  However 


the scoria mantled landscape to the south-east of the town remained vulnerable to wind erosion.   


5.3 Impacts from Remobilised Tephra 


The predominant east-southeast winds remobilised the thick scoria deposits from close to the 1973 


fissure and on the summit of Eldfell towards the town.  In particular, wind funnelled between 


Helgafell and Eldfell, transporting tephra to impact on houses on the south-eastern part of the town.  


A scoria plain southeast of Eldfell was an important source area for tephra particles, with migrating 


dunes of scoria developing (Figure 5.3).  Anecdotal reports describe migrating scoria-dunes up to 0.5 


m height formed on the hills during wind storms.  Dunes 0.2 m in height migrated across the plains, 


including the town.  Erosion of up to 8.4 m and over-thickening re-deposition of 4.4 m was recorded 


(Oskarsson 1974)   


During their active phases tephra grains in the dunes were observed to be approximately 5 mm in 


diameter.  Self et al. (1974) reported large tephra fragments (>32 mm) had densities >2.0 g cm-3, but 


fragments <32 mm were highly vesiculated low density scoria.  The density of scoria collected from 


the upper part of the 1973 Eldfell fall deposit from between Eldfell and Helgafeld (where windblown 


tephra hazards were greatest) was measured to be an average of 1.173 g cm-3 when dry and 1.666 g 


cm-3 at field moisture content (Table 5.2).   


Table 5.2: Density of dry and wet 1973 Eldfell Scoria using an Ultrapycnometer 1000 He-


Pycnometer. 


 Run 1 Run 2 Run 3 Average 


Dry density (g cm-3)* 1.167 1.192 1.159 1.173 
Wet density (g cm-3)** 1.642 1.645 1.711 1.666 
     


*oven dried at 80 °C for 4 hours 
**wetted to approximate field capacity 
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Figure 5.3: Wind remobilised scoria forming dunes on Eldfell following the 1973 eruption on 


Heimaey Island (Photo: Gisli Oskarsson). 


During the ‘scoria-storms’ residential properties were coated in fine scoria (Figure 5.4A & 5.4B).  


House exteriors were ‘ash-blasted’ with such force and intensity that after several weeks of tephra-


storms glass windows became frosted (abraded) to the point of opacity (Figure 5.4B).  Household 


interiors were repeatedly contaminated, requiring constant cleaning, with particularly annoying 


impacts on furniture, carpets and uncovered food being soiled by fine tephra.  During the ‘scoria-


storms’ residents reported there was almost total darkness, due to suspended particles blocking 


sunlight.  These continued for several years following the eruption and forced some residents to 


relocate out of the area.   


        


Figure 5.4: (A) House on the south-eastern flank of Heimaey town affected by wind-remobilised 


scoria dunes up to 0.2 m high;  (B) House in part coated by wind-remobilised scoria (Photos: Gisli 


Oskarsson)  


A B 
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The scoria-storm impacts added problems to an already stressed community that was still recovering 


from the impacts of the eruption and repatriation following a 6 month evacuation to the mainland.  


The evacuated residents also returned to a, bleak scene that graphically depicted the destruction, 


with black scoria covering and colouring the town and landscape.  The formerly colourful town and 


surrounding green fields were gone.  Repatriated Heimaey residents recalled being depressed and 


disturbed by this sight (Lindsay et al. 2009).  Winter snow in late 1973 provided the first respite to 


this and the first semblance of normality. 


5.4 Scoria Stabilisation  


5.4.1 Planning 


The on-going impacts from wind-blown tephra led to a stabilisation program for the scoria deposits.  


Initial attempts to promote vegetation recovery involved spreading seed onto the deposit surface, 


but these all failed, in part due to the poor water- and nutrient- holding capacity of the coarse scoria.  


From this it was recognised that a binding topsoil with good physical and chemical fertility was 


required for any vegetation recovery program to be successful.  In 1976 a proposal was developed 


for the Iceland Catastrophe Fund (Vidlagasjoduir), where the scoria deposit was to be capped with 


quarried soil and planted in a variety of pasture species.  A feasibility study was conducted in early 


1976 that repeated a 1973 vegetation and soil cover survey of the island to assess the changes over 


time in erosion and deposition of the scoria deposit.  This identified the direction of migrating dunes 


and updated the extent of the tephra deposits.  Rain and wind records were used to assist in 


identifying areas totalling 214 ha that needed stabilisation to prevent further erosion impacting 


residential and agricultural sites.  Soil, seed, fertiliser, manpower and equipment requirements and 


costs were assessed.  The greatest constraint was sourcing sufficient volumes of soil on Heimaey.  


This was eventually sourced from aeolian soil deposits of up 1.5 m in thickness, close to the western 


side of the 1973 fissure.   


Appropriate seed selection was a critical element of the project.  The Oskarsson study identified that 


on flat land without heavy wind exposure, a mix of 70wt.% Festuca Rubra; 20% Loleum Multiflorum; 


and 10% Poa Pratensis should be used.   Green oats were added as a minor component to the mix to 


act as a fast growing wind break.  On steeper areas another mix was recommended: 10wt.% Lolium 


(ryegrass); 10% Halid gras poa pratensis; 40% Festuca rubra; 20% Poa pratensis; and 10% Phleum 


pratense.  In areas of extreme erosion risk, such as slopes exposed to high wind conditions, Elymus 


Arenarius (Blue Lyme Grass) was used, which is a broader-leaf, wind and sand-tolerant variety, 


whose deep roots were essential for binding the soil and ensuring adequate access to moisture.  This 
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was mixed with the legume Lupinus (Blue Lupin), which also has a deep root and fixes nitrogen 


promoting associated plant growth.  Two varieties of fertiliser were also selected with slightly 


varying compositions (Table 5.3). 


Table 5.3: Elemental composition of fertiliser varieties recommended for pasture rehabilitation on 


Heimaey in 1976.  


Beneficial Elements Fertiliser 1 – %wt composition Fertiliser 2 – %wt composition 


Nitrogen (N) 23 23 
Phosphorous (P) 4.8 14 
Potassium (K) 9.1 9 
Sulphur (S) - 2 
 


The Oskarsson (1976) study also identified that correctly using the seasonal variations of the high 


latitude Icelandic climate was a critical success factor.  The warm and long daylight hours of summer 


and irrigating rains (1500 mm annual rainfall) were essential to ensure rapid germination.  However, 


if the seeds were planted too late, the intense storms and cold and darkness of winter would kill 


under-developed seedlings and lead to erosion of the valuable soil.   Storms were analysed for the 


period 1968-1975 to conclude that the strongest and most frequent storm winds came from the E 


and SE, and the frequency of storms greatly increased in August, following a summer lull.   


 


5.4.2 Application 


Based on the weather data, operations began in May 1976 with large machinery used to prepare 


surfaces and roads.  Where feasible over-thickened material on flats was removed and as much 


scoria as possible was removed from slopes because the flatter land was easier to cover with soil 


and less likely to erode.  Soil was quarried, trucked to the site and bulldozed flat before being 


smoothed by light tractors with disk and furrow ploughs and harrows (Figure 5.5).  This also allowed 


limited mixing with the scoria deposit.  A layer of soil of around 100 mm was applied to the 


treatment area and provided high stability and good water-holding capacity. Seeding began in June 


with the aim to be completed before the August storms. The soil quarry was later re-filled with 


scoria to the original height and the surface capped with soil to prevent further remobilisation. 
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Figure 5.5: Quarrying soil (A); Dumping soil on the flattened scoria plain (B & C) during the 1976 


program to revegetate tephra surfaces on Heimaey (Photos: Gisli Oskarsson). 


In most areas seeds were applied by tractor-mounted spreaders at a rate of 50 kg/ha on the flats 


(Figure 5.6A).  For the hills, the seed mix and fertiliser were combined in a concrete mixer and 


bagged.  Young women spread out the mix (they were more thorough than their male counter-


parts!).  The mix was planted by 10-person teams over 10 hours.  This was mixed into the topsoil 


using hand rakes on slopes and by tractor-pulled harrow on the flats (Figure 5.6A).  For areas with 


extreme erosion risk (exposed, windy slopes) rows of green-oats were planted to form a fast-


growing wind-break.  Behind the oats, were 0.5 m spaced rows of Elymus Arenarius and Lupinus 


(Figure 5.6B).   Due to the difficult growing conditions seedlings of these latter grasses were grown in 


nurseries and planted by hand in the required areas.   


Fertiliser was applied at a rate of 800 kg/ha.  Both types of fertiliser were effective over short-time 


periods, however they dissolved and leached rapidly from the shallow soil.  An organic fishmeal 


(Cod) fertiliser was used for 77 ha of the eastern side of the treatment area, with the fish company 


donating >30 tonnes.  This provided longer lasting fertilisation and areas treated were easily 


distinguished by their ‘smell’.   


A B 


C 
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Figure 5.6: (A) Spreading the seed/fertiliser mix (right; note wind) and harrowing it into the soil 


(left); (B) planting Elymus Arenarius and Lupinus during soil rehabilitation activities on Heimaey 


Island (Photos: Gisli Oskarsson). 


 


5.4.3 Result 


5.4.3.1 Short term recovery 


The main operation in 1976 took 1 year, from planning to planting.  Vegetation growth on the 


treated area occurred within 2.5 months, with germination typically occurs within 3 weeks.  Only 


small patches required addition work in the following summer of 1977 (Figure 5.7).  Scoria deposits 


were successfully stabilised in the treated area, greatly reducing wind storm impacts on the town.  It 


also accelerated natural re-vegetation on the margins of the treated area. The project costed around 


IKr 124 million in the first year with another IKr 6 million spent the following year. The return of 


green pastures provided a rapid visual healing of the bleak and black scoria-covered landscape.  This 


was an important psychosocial boost for the recovering population.   


  


Figure 5.7: The view along the southern portion of the 1973 fissure from the summit of Eldfell 


showing rehabilitated areas on Heimaey Island (A) pre-treatment (1974); (B) post-treatment 


(1977) (Photos: Gisli Oskarsson). 


A B 


A B 
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5.4.3.2 Long term recovery (2008) 


Some areas of the restored land have since been used for grazing and hay production.  However in 


2008 concerns are arising about long-term stability of the soil solely with grass cover. Continuing 


wind erosion has reportedly caused some topsoil and organic matter loss, while the invasive weed of 


white dandelion (M. maritime var. Phaeocephala) has in places smothered the deep-rooted pasture 


varieties, leading to greater potential for soil erosion due to the dandelion's shallow root system.  


Sheep are used to keep it under control, with varying success.  School groups of 12-14 year olds are 


hired for 4 hours per day to continue soil and seed spreading during growing seasons, funded by the 


Government and private companies, although this is constrained by the shortage of organic-rich 


topsoil on the island.  There has been no sign of poisoning nor deficiencies in livestock from grazing 


on the rehabilitated pastures 


5.5 Discussion 


This study provides a unique example of coarse-grained (> 1 mm) tephra stabilisation.  In persistently 


windy conditions wind-remobilisation of unconsolidated coarse ash and lapilli can be a significant 


post-eruption nuisance with significant deleterious impacts for exposed communities. Beside 


grainsize, particle density appears to be an important factor in determining if scoria will be 


remobilised by wind. This is similar to observations of wind-remobilisation of the coarse low-density 


pumice being eroded separately from remaining finer and denser vitric and crystal rich ash at Mt St 


Helens (Folsom 1986).   The coarse grainsized scoria at Heimaey also meant that an erosion-resistant 


cap could not form, such as with fine-grained (< 1 mm) tephras (Fowler & Lopushinsky 1986).  The 


continual reworking of the low density lapilli particles also prevented a stable soil surface media 


forming.  Where germination occurred, seedlings were rapidly buried, abraded or eroded.  


Vegetation recovery was inhibited by low water-holding capacity and poor physical soil fertility (low 


CEC).  The lack of nitrogen, phosphorous and organic matter in tephras make them poor growth 


media when fresh and unweathered.  The tephra thickness and its coarse nature precluded effective 


cultivation into the underlying soil.  The coarse grainsize and large thicknesses of the tephra deposit 


prevented water assisted percolation of tephra into soil macropores and soil processes (frost-heaves 


and soil animals) assisting ash burial, as has been observed in thin (<10 mm), fine-grained (<1 mm) 


ash deposits (Fowler & Lopushinsky 1986).  The large volume of deposits also made it impractical 


and too costly to mine or strip all of the ash deposits to re-expose buried soils.  Heimaey required 


rapid stabilisation of the unconsolidated area which on-going quarrying would not have provided.  
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Correct selection of stabilisation techniques requires clear recognition of which soil properties must 


be improved.  The rehabilitation program at Heimaey was similar to other sediment re-vegetation 


programs; requiring good water and nutrient-holding capacity, organic matter to assist with soil 


formation, and appropriate selection of species for the soil and climatic conditions.  The key to the 


program was the use of thick paleosol deposits as a substrate to rapidly re-establish suitable and 


durable vegetation.  The use of fertiliser and fish-meal fertiliser was important to provide chemical 


fertility to the capping paleosol.  The lack of crop residue or fast growing heather on the island 


meant resistant seedlings were required to act as windbreaks for legume and soil binding plants.  


Understanding the local weather conditions was also vital to ensure appropriate species were used 


which would survive and staging the stabilisation program to coincide with the most appropriate 


weather conditions for vegetation growth. 


The rehabilitation program created societal benefits beyond the physical mitigation of wind 


remobilisation of tephra.  Restoring pasture on Helgafeld and the surrounding area provided visual 


respite from the black scoria mantle and was an important part of making residents feel real 


recovery progress from the eruption event.   


Other basaltic eruptions from Icelandic volcanoes have been enriched in soluble fluoride, creating 


major hazards for livestock, such as at Hekla 1970 (Georgsson & Pétursson 1972) and the Laki 


eruption (Grattan et al. 2002).  There was no study of the soluble leachate from the Eldfell tephra, so 


it is unclear whether there was any potential for livestock exposure to toxic soluble elements.  In the 


case of the rehabilitated site, livestock exposure was probably very low due to the creation of a new 


topsoil above the tephra deposit, isolating it from stock ingestion along with the coarse particle size 


and hence low surface area of the tephra meaning adhering soluble element contents would be low 


and they would be rapidly leached (Cronin et al. 2003; Witham et al. 2005).   


All known instances of tephra remobilisation by wind following a volcanic eruption have been in 


temperate high-latitude (>39° latitude), windy regions (Table 5.1).   Whilst beyond the scope of this 


study, future work should investigate what factors lead to this phenomenon, for example: a greater 


frequency of high wind events, longer periods between rainfall allowing tephra to dry, reduced 


vegetation stabilisation of tephra deposits through lower growth rates in non-tropical areas. 
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Overview 


Agriculture is dependent on continuity of water quality and quantity.  This chapter investigates the 


vulnerability of farm water supply systems to volcanic ash fall, as the first of three chapters which 


examine specific vulnerable components of pastoral agriculture.    


Additional information on the vulnerability of farm water supply systems to volcanic ash fall is 


contained within Appendix 1, together with additional information on farm vulnerability 


assessments, chemical modelling and a review of agriculture water standards with respect to 


potential contamination by ash fall. 


Contributions 


The concept of the manuscript was developed through discussions between Mr. Wilson, Dr. Carol 


Stewart and Assoc. Prof. David Johnston.  Mr. Wilson designed the research objectives, fieldwork 


campaigns and interview questionnaires, with review by Dr. Stewart, Assoc. Prof. David Johnston 


and Prof. Cole.  Mr. Wilson wrote the manuscript.  Dr. Stewart provided the code for the chemical 
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modelling and closely assisted in design and calculation of the chemical modelling.  Dr. Stewart 


and Prof. Jim Cole assisted with Chilean and New Zealand fieldwork.  Assoc. Prof. David Johnston 


assisted with fieldwork in the Philippines.  Assoc. Prof. Cronin made a significant contribution to 


refining and developing the manuscript.  All co-authors carried out in-depth reviews of the 


manuscript and offered much useful discussion of results and interpretations.   


 


2.1 Abstract 
Agriculture is critically dependent on continuity of water quality and quantity.  It is well-


established that even small quantities of volcanic ash can disrupt municipal water supplies, with 


known impacts to quality including: acidification, increases in turbidity and ionic concentrations. In 


addition, delivery systems may be blocked or damaged by hard and abrasive suspended ash.  


Related ash-cleanup operations may place extra stress on water reserves.  The aim of this study 


was to characterise the key areas of vulnerability of farm water supplies to volcanic ashfall, and to 


identify management recommendations to reduce these.  From literature review and case studies 


of farms impacted by the 1991 Pinatubo (Philippines) and 1991 Hudson (Chile) eruptions, key 


issues were: sedimentation of irrigation ditches and drinking-water ponds, turbidity induced 


abrasion of sprinkler nozzles and water pumps, and damage to electric pumps (by ash on air-


intakes).  Building on this we characterised the water-use regimes and water supply system 


vulnerability of eight case-study farms from across the North Island, New Zealand. From this we 


propose an index system to evaluate the vulnerability of farm water supply systems. The key 


contributors to the vulnerability index include: water source; storage capacity; reliance on 


electricity; independence/interconnectedness of system elements; volume of water use; and other 


load factors.  These allow identification of key strategies for mitigating water supply vulnerability 


during preparation, response and recovery phases of a volcanic eruption.  


 


2.2 Introduction 
Volcanic ashfall may seriously impact water supplies by inducing short-term physical and chemical 


changes in water quality, increased wear and damage to water-delivery systems and overload-
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failures caused by ash-cleanup operations (Stewart et al., 2006; Blong, 1984).  Most studies in this 


area have focused on large-scale urban water supply, sewerage and stormwater systems (Blong, 


1984; Johnston et al., 2000). However, the agricultural sector is by far the largest global user of 


water, with 67% of the world's total freshwater withdrawal, and 86% of its consumption attributed 


to agricultural practices (UNESCO, 2000).  Modern farming operations are critically dependent on 


water supplies.  Use includes: stock watering, irrigation, crop processing, cleaning and household 


supply. With increasing agricultural intensification, higher-value dairy farming and higher yielding 


pasture and crop species, water demands have grown dramatically, especially as many temperate 


areas increase productivity by irrigation (UNESCO, 2000). This increasing dependence on water 


supplies makes it important to understand its vulnerability to volcanic and other natural hazards 


and to identify strategies to improve agricultural resilience. 


Many productive agricultural areas benefit from the high fertility of volcanic soils, but conversely 


are threatened by volcanic ash fall hazards.  Areas such as the North Island of New Zealand, the 


western United States, Indonesia, Iceland, the Philippines, Japan, Argentina, Chile, and Italy have 


extensive agricultural areas exposed to frequent volcanic activity, as shown in Table 2.1.  A review 


of volcanic impacts during the 1990’s by Annen and Wagner (2003) concluded that farmland 


destruction was the most common consequence, along with house destruction, air-traffic 


disruption, road and bridge cuts, and forest fires.   


The aim of this study was to characterise the vulnerability of farm water supplies to volcanic 


ashfall, and to recommend mitigation measures. Presented is a literature review focussed on the 


impacts of volcanic eruptions on farm water supplies worldwide and data collated from farms 


impacted by the 1991 Pinatubo (Philippines) and 1991 Hudson (Chile) eruptions. In addition, water 


use regimes and water-system vulnerability were characterised in eight ‘case study’ farms across 


the North Island, New Zealand. From this an index is proposed that can be used to rate the 


vulnerability farm water supply systems to volcanic ash and recommend appropriate mitigation 


measures to address the key areas of vulnerability.  
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Table 2.1: Summary of volcanic activity by country and area of cropland (adapted from Jenkins 


et al., in review and World Resources Institute 2006).  


Selected Countries 


  


Number of Complete 
Eruptions 


Average Eruption Frequency  Area of 
Cropland 2002 


(000 ha) * VEI 0-3 VEI 4-7 VEI 0-3 VEI 4-7 


Indonesia 1170 28 6 mths 15 yrs 30,987 


Iceland 147 26 6 yrs 10 mths 43 yrs 7 


Japan 892 71 7 mths 44 yrs 4,866 


Guatemala 105 8 4 yrs 9 mths 53 yrs 1,905 


Philippines 133 11 1 yr 4 mths 59 yrs 10,050 


Papua New Guinea 191 23 8 mths 81 yrs 670 


Ecuador 188 31 2 yrs 5 mths 102 yrs 3,001 


Italy 242 21 5 yrs 215 yrs 11,422 


Colombia 5134 15 6 yrs 6 mths 304 yrs 4,364 


Mexico 114 25 7 yrs 6 mths 375 yrs 27,300 


New Zealand 189 17  11 mths 394 yrs 3,280 


Chile 339 17 1 yr 4 mths 554 yrs 2,294 


Nicaragua 130 10 1 yr 2 mths 806 yrs 2,746 


Peru 39 4 14 yrs 2 mths 832 yrs 4,210 


 


 


2.2.1 Volcanic Ash  
Volcanic ash1 is the most widely-distributed product of explosive volcanic eruptions.  Magma 


decompresses as it rises, allowing dissolved volatiles (dominantly H2O and CO2, but also species 


such as SO2 and Cl-) to exsolve into gas bubbles which expands the fluid magma into a foam and 


                                                           


1 See www. volcanoes.usgs.gov/ash/properties.html for more information on volcanic ash properties and hazards. 
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accelerates its ascent to the surface and eruption. The foamy magma fragments at the volcanic 


vent, with violently expanding gas bubbles tearing the silicate lattice apart to escape.  The 


resulting fragments, pyroclasts, are classified by size into ash (particles < 2 mm), lapilli (2-64 mm), 


blocks/bombs (>64 mm) (Gilbert et al., 1991). The violence of the eruption is determined by the 


viscosity of the magma, a function of silica content, crystalinity, temperature and the content of 


H2O and other volatile speicies (Heiken and Wohletz, 1985).  Ash particles ejected from an 


eruption vent are typically incorporated into an eruption column that may buoyantly rise tens of 


km into the atmosphere or stratosphere (up to 50km; Sparks, 1986).  Eruption plumes are 


dispersed by prevailing winds and the ash can be deposited hundreds to thousands of kilometres 


from the volcano, depending on wind strength, grainsize and eruption magnitude. Large 


magnitude eruptions (e.g. 1991 Pinatubo eruption, Philippines) may deposit significant thicknesses 


(i.e. > 100 mm) of volcanic ash that will devastate crops, animal shelters and houses, but under 


small to moderate ash falls (i.e. <50 mm) farming will likely continue, but at reduced levels of 


production (Cook et al., 1981; Wilson and Cole, 2007). 


Due to their violent and rapid formation, volcanic ash particles are made up of glass and fractured 


rock, making them very hard, highly irregularly shaped, angular, and hence abrasive. Magmatic 


gases adsorb to the ash particle surfaces while they are in the conduit and plume and the 


commonly sponge-like particles may have extremely high surface area:volume ratios., Common 


adsorbed species include acidic salts such as SO2, H2, HCl, NH2, H2S, HF, CO and volatile metal 


elements. Fresh ash releases soluble components into catchments as soon as rain falls, with over 


55 soluble components known to occur in volcanic ash leachates (Witham et al. 2005). The anions 


chloride (Cl-), sulphate (SO4
2-) and fluoride (F-) and the cations calcium (Ca2+), sodium (Na+) and 


magnesium (Mg2+) generally occur with the highest concentrations. Surface coatings on fresh ash 


are also highly acidic, due to the presence of the strong mineral acids H2SO4, HCl and HF.   Volcanic 


ash leachates are hence potentially corrosive, toxic to livestock and humans, and very electrically 


conductive when slightly wet. They will rapidly contaminate water supplies if deposited in 


sufficient quantities (Witham et al., 2005; Stewart et al., 2006; Heiken and Wohletz, 1985; Cronin 


et al., 2003a; 2003b). 
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It is therefore important to better understand the physical and chemical effects of ash on 


agricultural water-supply systems before eruption impacts to minimize any damage and restore 


agricultural operations as soon as possible after the event.  


 


2.3 Impacts of Volcanic Ash Fall On Agricultural Water Supplies 
Most studies of ash fall contamination of water supplies have focused on the urban environment, 


often on large-scale water-supply, sewerage and storm-water systems (Blong, 1984; Johnston et 


al., 2000). The key impacts on municipal water supplies are summarised in Table 2.2. In general 


little systematic assessment has been carried out of the impacts of volcanic ash on agricultural 


water supplies.   


 


Table 2.2: Summary of main impacts to water supplies by volcanic ash contamination (after 


Stewart et al., 2006) 


Impact Comment Examples Reference 


Physical 
Impacts of Ash 


Ash can clog intake 
structures  


Irazú, Costa Rica (1963)  Blong (1984) 


Abrasive nature of ash can 
cause increased 


wear on equipment 


 


Fine ash clogged filters at the 
intake to San José's river-fed 
water supply. 


Water had to be trucked in. 


Blong (1984); 
Malcolm & van 
Rossen (1997) 


Corrosive nature of ash can 
damage electrical 
equipment and corrode 
metallic structures such as 
pipes 


Mt Ruapehu, New Zealand 
(1995/96) Rotorua's water supply 
cut when resident washed ash 
into a power transformer and cut 
electricity supply to pumps. 


Johnston 
(1997a) 


Water 
Shortages 


Heavy demands on water 
for clean-up of ash fall 


Mt Spurr Volcano, Alaska (1992) 
City of Anchorage experienced 
severe water shortages because 
of demand for ash cleanup; one 
reservoir completely emptied; no 


Johnston 
(1997b) 
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water available for firefighting. 


Increased 
Turbidity 


Suspension of ash in water 
increases turbidity; this can 
make water undrinkable 
and compromise terminal 
disinfection 


Mt St Helens, USA (1980) 
Increased occurrence of 
waterborne Giardiasis due to 
turbidity from volcanic ash 
inhibiting disinfection. 


Weniger et al. 
(1983) 


Acidification 


Surface coatings on fresh 
ash are highly acidic, due to 
adsorbed volcanic aerosols 
H2SO4, HCl, HF 


Copahue Volcano, Argentina 
(2000) pH 2.1 reported in nearby 
Lake Caviahue; pH 2.5 reported 
in streams 60 km from source. 


Smithsonian 
Institution 


(2000) 


Fluoride 
Contamination 


Fluoride from HF readily 
leached from fresh ash; can 
exceed safe limits for 
people and animals 


Lopevi, Vanuatu (2003) 10 mg/L 
fluoride reported in rainwater-
fed tanks.  


Cronin et al. 
(2003b) 


 


Hekla, Iceland (1947–1948) 9.5 
mg/L fluoride recorded in Merkjá 
stream. 


Stefánsson and 
Sigurjónsson 


(1957) 


Other 
Contamination 


Freshly-fallen ash releases 
soluble components into 
receiving waters 


Copahue Volcano, Argentina 
(2000) Increased concentrations 
of iron, fluoride, sulphate in 
water supplies. 


Smithsonian 
Institution 


(2000) 
Many studies made of ash 
fall leachates, but few have 
focused on receiving 
waters 


Major leachate 
components: sulphate, Cl, 
Na, Ca, Mg, F 


Soufrière Hills, Montserrat (1997) 
Increased concentrations of 
sulphate, chloride and fluoride 


Smithsonian 
Institution 


(1997) 


Minor leachate 
components: Mn, Zn, Ba, 
Se, Br, B, Al, Si, Cd, Pb, As, 
Cu, Fe 
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2.3.1 Direct Impacts (Case Studies) 


2.3.1.1 1980 Mt St Helens eruption - USA 


There were significant impacts on agriculture in Washington State following the May 1980 Mt St 


Helens eruption, although the damage was generally much less than initially expected (Warrick et 


al., 1981; Cook et al., 1981). Specific scientific advice for mitigating the impacts of ash fall on 


agriculture was unavailable, and mitigation strategies evolved from trial-and-error. With farmers’ 


livelihoods at stake, such experimentation was often accompanied by high levels of concern and 


anxiety (Warrick et al. 1981).  


Kittitas County, located approximately 150 km from Mt St Helens, received 5-20 mm of ash. Its 


irrigation system consisted of surface waters distributed by a ditch network. Rapid ash 


sedimentation occurred within irrigation ditches and while large ditches could be flushed easily, 


smaller ones required manual labour (Warrick et al., 1981). The system also malfunctioned 


through: electrical panels shorting out; bushings, brushes and commutators on pump and drive 


motors suffering increased wear; and thrust bearings on sprinkler heads and pumps were worn 


down more rapidly (Warrick et al., 1981). Some farmers experienced rapid wear on pump seals, 


packing glands and occasionally on bearings. They were advised to keep systems constantly 


running at a minimum rate when not required to flush ash through the system (FEMA, 1984). 


Worn sprinkler heads increased the load on pump motors. Ash clogged sprinkler heads at times, 


preventing them from turning (FEMA, 1984). The response actions were to repeatedly clean switch 


panels and keep ash out of motors in any way possible (such as with air compressors). Farmers 


were also advised to run water through settling basins before it reached any irrigation pumps 


(Warrick et al., 1981).   


In comparison, Ritzville County is located approximately 300 km from Mt St Helens, but conversely 


received greater ash fall of 20-40 mm. Its irrigation systems suffered little impact, because they 


were primarily groundwater-fed.  Groundwater was pumped directly from bores into 


lines/sprinklers so there was no direct ash contamination. This highlights the resilience of 


groundwater-fed systems. The other problems that occurred were universal, including ash-


induced shorting of electrical panels and switch boards, especially following heavy rain on 25-26 


May 1980 which increased the ash conductivity (Warrick et al., 1981). 
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2.3.1.2 1991 Hudson eruption - Chile 


The August 1991 eruption of Hudson volcano in southern Chile was one of the largest eruptions of 


the 20th century. Some 8,000,000 ha of agricultural land in Santa Cruz province, Patagonia, 


Argentina was covered in volcanic ash (Inbar et al., 1995).  Ash thicknesses ranged from 2 m in the 


Andean area to < 1 mm at the Atlantic coast zone, with traces of ash deposited as far away as the 


Falkland Islands (Inbar et al. 1995).  Significant livestock deaths from ash covering and burying 


pastures and horticultural crops were compounded by wind-remobilised, not fluorosis hazards as 


first thought (Wilson et al. submitted-a; Inbar et al. 1995; Rubin et al. 1994).  Water supplies were 


derived from a range of sources including groundwater wells, surface river water, Lago General 


Carrera/Lago Buenos Aires, and spring-fed supplies. The upper Rio Ibanez valley (20-40 km from 


Hudson volcano) received >1000 mm of ashfall in many areas, but the spring-fed supplies rapidly 


cleared so agricultural water supplies were largely unaffected after several days (Wilson et al. 


submitted-a).  Animals and farmers could still access sufficient potable water supplies.  Puerto 


Ingeniero Ibáñez (90 km) and Los Antiguos (120 km) had extensive systems of open-channel flood 


irrigation ditches. Between 50 to 100 mm of ash was enough to block irrigation ditches which 


necessitated manual excavation on several occasions. There was also abrasion and corrosion 


damage to metal fittings in irrigation systems immediately following the ashfall.  Irrigation ditches 


were repeatedly contaminated and blocked over a period of up to two years after the eruption, 


owing to ash re-sedimented through both wind and fluvial erosion (Wilson et al. submitted-b; 


Inbar et al., 1995).  After windstorms, irrigation water could be so turbid that it was unusable for 


livestock to drink (Inbar et al., 1995).  Coupled with these impacts, livestock water consumption 


increased dramatically following the eruption, due to reliance on the alternative dry 


supplementary feed needed and the drying effect of ash on vegetation. Domestic drinking water 


supplies in Los Antiguos village were little affected by ash, being derived from groundwater 


accessed in wells up to 6 m in depth (Inbar et al., 1995).   


In areas of extensive sheep farming in the semi-arid and arid steppe region of Argentina (120->500 


km) shallow ponds used by sheep for drinking water were ”silted-up” by ash fall causing water 


shortages and stress for livestock (Frers, 1991; Inbar et al. 1995).  Hundreds of livestock also 


perished by being trapped in the muddy ash deposits while trying to access drinking water (Wilson 


et al., 2009b).  Alternate groundwater supplies in Tres Cerros (470 km) sourced from 100-120 m 


deep wells were disrupted when electric and windmill powered pumps were badly impacted by 
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ash-storms.  Moving parts in pumps, motors and windmills were clogged and heavily abraded by 


the fine remobilised ash, still requiring continual maintenance in 2008 (Wilson et al. 2009b).  


Windmill bearings in particular were reported to be vulnerable to clogging and seizing.  The water 


itself was reportedly never contaminated.   


2.3.1.3 1991 Mt Pinatubo Eruption - Philippines 


From 12 to 15 June, 1991, the second largest eruption of the twentieth century occurred from Mt 


Pinatubo in the Philippines (Newhall et al., 2002).  Central Luzon was impacted by widespread, 


heavy ashfall and large pyroclastic flows devastated areas close to the volcano.  Mercado et al. 


(1996) reported that 96,200 ha of agricultural land was seriously affected by ash fall, around 70% 


of which was in rice-cultivation that relied on frequent irrigation.  The ashfall and redistribution of 


pyroclastic flow and fall deposits by subsequent volcanic floods (lahars) during monsoon seasons 


caused widespread damage and disruption to farm irrigation and flood-control systems.  River-fed, 


channel and ditch flood-irrigation systems in lowland areas in Papanga and Zambales provinces 


were particularly strongly affected (Bautista, 1996).  Farmers in Papanga and Zambales, 


interviewed by the authors in November 2007, reported that channel-irrigation systems were 


heavily silted-up or completely buried by ashfalls up to 1 m thick.  Subsequent lahar and flood 


sediments also buried irrigation systems and dramatically changing the geomorphology of several 


catchments surrounding Pinatubo volcano (Janda et al., 1996; Mercado et al., 1996).   Irrigation 


intake-structures were disrupted or destroyed by river channel aggregation in major feeder rivers 


and irrigation channels were repeatedly buried when lahars breached flood-protection levees.   


Around three years was required for irrigation channel systems to be dug out and restored, 


causing additional hardship to farmers trying to recover from the eruption (Mang Rod Costodio, 


pers comm., 2007).  Interviewed farmers indicated that irrigation systems which sourced water 


from rivers such as the Pasig-Potrero River, were most heavily impacted by frequent large lahars 


throughout the 1990s.  Up to 15 m of lahar deposits were deposited in the Sacobia river in 1992 


(Scott et al., 1995).  This made it impossible to rebuild the systems and only recently with the 


reduction in the frequency of seasonal lahars could irrigation systems be rebuilt.  Farmers formerly 


reliant on gravity-fed irrigation systems are now forced to pump water from the active river 


channel, adding cost to their produce.  The overall reliability of the irrigation systems have also 


decreased since the eruption by increased frequency and magnitude of flooding from river 


channels now raised by laharic sediment. 
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Mercado et al. (1996) reported that the total cost of damage to infrastructure only up to August 


23, 1991 was 3.8 million pesos.  Damage to water-resource infrastructure was reported to be up to 


1.6 million pesos over this period, while destruction of crops, livestock, and fisheries was 


estimated at 1.4 billion pesos (1991; Mercado et al., 1996).   


2.3.1.4 Mt Hekla - Iceland 


The 5 May, 1970 eruption of Hekla volcano distributed ash fall over 40,000 km2 in west 


Hunavatnssysla and parts of Arnessyslaof, western Iceland affecting predominantly pastoral farms 


(Thorarinsson & Sigvaldason 1972).  This eruption, similar to many other Icelandic volcanic events 


produced ash containing unusually high levels of water soluble fluoride of up to 2000 µg g-1 


(Georgsson & Petursson, 1971).  Water sources and pastures in areas receiving only 1-10 mm of 


ashfall were strongly contaminated, causing acute fluorosis in sheep. Around 3% of sheep and 8-


9% of lambs died during the first few weeks following the eruption. It is unclear from published 


reports whether the poisoning occurred via water or pasture uptake.  Georgsson & Petursson 


(1971) reported that farmers tried to minimise impacts by attempting to keep sheep away from 


contaminated grass and water supplies. Stagnant surface waters contained between 4 to 70 µg 


mL-1 fluoride.  After two weeks this was still high at 0.30 - 14 µg F mL-1.  Up to 10 µg F mL-1 was 


measured in river water, but was only 0.25-0.50 µg mL-1 after two weeks.  Deep artesian wells wer 


unaffected and contained <0.70 µg mL-1 (Georgsson & Petursson 1971).   


Subsequent eruptions from Hekla volcano in 1991 and 2000 caused further contamination of 


water supplies in agricultural areas with high levels of Cl, F, Al, Fe, Mn, As, Cd, Pb, Zn, and U 


(Flaathen and Gislason, 2007).  The impacts of these events were minimal because they occurred 


during winter and all livestock were inside barns supplied by unexposed artesian well water.   


2.3.1.5 Ruapehu – New Zealand 


Mt Ruapehu in the North Island of New Zealand produced multiple ash-falls between October 


1995 and October 1996.  Similar to the 1970 Hekla eruption the potentially toxic soluble leachate 


concentrations (including F and S) associated with the ash were very high (Cronin et al., 1998; 


2003). Ash was repeatedly dispersed across pastoral farmland at thicknesses between 1-3 mm, 


resulting in the death of 2,000 sheep and lambs due to fluoride poisoning (Cronin et al., 1998).  


The livestock deaths were primarily attributed to  ingestion of ash-covered pasture, but surface 


waters were also in part contaminated (mostly <2 µg mL-1; Cronin et al., 2003b) and may have 
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contributed to the poisoning.  Cronin et al., (1998) also noted that soluble selenium levels within 


the Ruapehu ash were high enough to generate potentially harmful levels within water. However, 


other soluble toxic elements such as As, Cd and Pb were present only in very low concentrations.   


Farms 1, 2, 3, 4, and 7 analysed within this study (see below) were affected by ashfalls during the 


1995-96 Ruapehu eruptions.  Most received between 0.1 to 1 mm of ashfall, while Farm 1 received 


1-5 mm.  Most farms experienced no contamination problems or disruption of water supplies for 


livestock or households, although Farm 3 faced contamination of their stream-sourced surface 


water supply.  Restrictions were declared on water usage, no problems ensued with 


contamination of water or equipment damage during the period.  The main issue was 


contamination of pastures, deterring livestock from grazing and leading to Study Farm 1 to 


distribute supplementary feed following 1-5 mm of ash.  Pastures were not clean until the next 


rainfall, 4-6 days after the ash deposition.  Sedimentation occurred in house guttering occurred in 


some cases, which once dried consolidated into a firm, putty-like material that was difficult to 


wash out.   


 


2.3.2 Other Issues 
Volcanic ash fall may also cause a range of other impacts on the related infrastructure that 


modern farming systems rely upon (Wilson and Cole 2007).   


 


2.3.2.1 Vulnerability of electricity supply  


The vulnerability of electrical power supply networks to volcanic ash fall is well documented 


(Sarkinen and Wiitala 1981; Warrick et al., 1981; Johnston, 1997a; 1997b; Heiken et al., 1995; 


Bebbington et al. 2008; Wilson et al. 2009a). The high dependence of modern farming on 


electricity to pump water for irrigation, stock water supply and other key activities is a significant 


vulnerability (Wilson and Cole, 2007) at an individual farm and regional scale. Short term loss of 


power can affect all critical systems, but this only severely impact on productivity if there are no 


local back-up systems (i.e. gravity fed supply or generator) coupled with long delays in restoration 


of electricity generation and distribution.  
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2.3.2.2 Increased water demand following ashfall  


Water use typically increases significantly after a volcanic ash fall as affected communities begin 


cleanup operations (Johnston, 1997a; 1997b; Johnston et al., 2004). On farms the needs will be no 


different; plant, equipment, vehicles, buildings, covered feed, and paved surfaces will likely be 


washed down. Irrigation may also be used to wash light ash falls off vegetation.  Following the 


1980 Mt St Helens eruption, fears that ash inhalation would affect animals led many farmers in 


Kittitas County to heavily irrigate pastures to wet-down and compact the dusty ash (Warrick et al., 


1981). Some orchardists in the Spokane Valley also tried to wash ash from trees by spraying water 


on them (Warrick et al., 1981). A further factor is that with ingestion of supplementary feed or 


contaminated feed that is typically rough and dry, animal water consumption will rise (c.f., Brown 


2006), such as occurred following the 1991 Hudson eruption (see above).   


An additional source of increased water demand is induced under some circumstances when 


deposited ash forms a hydrophobic crust that reduces water infiltration to the soil.  Precipitation 


of salts in the ash may exacerbate this (Leavesley, et al. 1989).  Impacted farmers in the Zambales 


and Papanga provinces of the Philippines, (Pinatubo eruption) and those in Los Antiguos, 


Argentina (Hudson eruption) were faced with increased irrigation requirements for several years 


following the ashfalls.   


 


2.3.2.3 Potential Water Contamination Impacts 


Wilson et al. (submitted-a) used a simple model developed by Stewart et al. (2006) to predict the 


impacts of various depths of volcanic ashfall on livestock watering troughs and dams, and an 


irrigation dam. Predicted concentrations of leachable elements were compared to agricultural 


guideline values. It was found that the area to volume ratio was the most important factor, with 


deeper troughs being less likely to reach critical concentrations.  For a reservoir with dimensions 


30 m x 20 m x 5 m, the Area/Volume ratio is 0.2 m-1.  Under a 1 mm fall, 0.6 m3 or between 500-


850 kg ash would enter the lake given the typical density range for freshly fallen ash (Stewart et al. 


2006). This could lead to a maximum temporarily suspended solid concentration of 170-280 200 


mg L-1, the impact of which being high dependent on the particle density and rate of settling. 


Suspended solids at <50 mg L-1 should cause no problems with drip-irrigation systems, while 50-
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100 mg L-1 may cause slight to moderate problems, and >100 mg L-1 is expected to cause severe 


problems (FAO, 1994).  Greater ashfalls and shallower reservoirs will exacerbate this problem.   


Wilson et al. (2009a) also found that a typical livestock water trough with an A/V value of 4.9 m-1 


(60-gallon oblong trough) is susceptible to adverse effects on the palatability of the water when 


impacted by >5 mm falls of 1995 Ruapehu ash (Cronin et al. 2003b).  Fluoride levels were 


predicted to reach 2.1 mg L-1, just exceeding livestock drinking water guidelines of the Australian 


and New Zealand Environment and Conservation Council (2 mg L-1) (ANZECC 2000) and the 1 mg/L 


of the Food and Agriculture Organisation (FAO 1994).  Note that this example applies only to this 


specific ash fall, other ash types may produce very different values. In addition, palatability 


guidelines are not defined for metallic elements for livestock and those developed typically relate 


to long-term water use, rather than short-term exceedence of threshold values. Livestock may 


tolerate short-term consumption of specific ions at relatively high concentrations. However, for 


long-term consumption (e.g. in active areas of volcanic degassing or near continuous ashfall) such 


levels of fluoride may pose health risks.  The lack of guideline values for acute versus chronic 


exposure of specific ion toxicity for livestock consumption remains a gap in the literature.   


 


2.4 Farm Water Supply Vulnerability Index  
Vulnerability can be defined as the integrated effect of the variables that make a system less able 


to absorb an impact or recover from a hazard event. These variables may be economic, social, 


technical, and environmental (UNDP, 2004). Identifying and assessing vulnerability to volcanic ash 


fall hazards is an important component of establishing risk (following the risk-management 


standard; AS/NZS 4360, 2004), but given the relative infrequence of volcanic eruptions in many 


parts of the world, this is unlikely to be routinely undertaken by farmers or farm advisors. In the 


event of a volcanic crisis, impact and mitigation information will be required rapidly. The index is 


proposed here can provide an tool for rapid assessment of an individual farm water supply 


vulnerability to volcanic hazards.  
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2.4.1 Farm Water Supply Vulnerability Index 
The literature review identified the major points of vulnerability to volcanic ash in agricultural 


water supplies, showing that surface water supplies were most susceptible to ash contamination, 


along with; irrigation ditches and drinking-water ponds being subject to sedimentation, water 


pumps and spray nozzles being vulnerable to turbidity, and water supply systems being often 


dependent on a constant electricity supply.  These factors were investigated across eight case 


study farms from the central North Island of New Zealand, a region of high agricultural 


productivity and high volcanic hazard (Figure 2.1; Wilson and Cole, 2007; Wilson et al. 2009a).   


 


Figure 2.1: Locations of active volcanoes in New Zealand’s North Island and study farms. 
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The central North Island, New Zealand, is exposed to volcanic hazards associated with the Taupo 


Volcanic Zone (TVZ), and Taranaki volcano (Figure 2.1). The TVZ is one of the most frequently 


active volcanic zones on Earth, having produced a total erupted volume of 15-20,000 km3 


pyroclastic material over 1 million years (Wilson et al., 1995). Taranaki volcano produces a lower 


volumetric output, but frequent events; Turner et al. (2007) reports at least 123 eruption events of 


various magnitudes over the past 10 000 years.  The magnitude of possible eruptions to affect the 


area ranges from minor andesitic events (such as the 1995-1996 Ruapehu eruptions, which had 


moderate effects on agriculture in the region; Cronin et al., 1998), to a plinian rhyolitic event, such 


as the 232 AD Taupo eruption, that would eliminate agriculture in the central North Island for an 


extended time (Wilson et al. 1995).  


The eight study farms were chosen to take into account the diverse range of land uses and water 


supplies in the central North Island (Figure 2.1, Table 2.3). A semi-structured interview schedule 


was used for face-to-face interviews with farmers and farm managers during site visits (see Wilson 


et al., 2009a). The interview schedule was designed to assess general farm characteristics, water 


sources, water usage and storage capacity, the characteristics of the water supply system 


including key points of vulnerability, and experience with previous natural hazards. Detailed 


vulnerability assessments are given in Wilson et al. (2009a), and are summarised briefly in Table 


2.4. These and the literature experience were used to develop a set of vulnerability indicators 


(Table 2.5). Each indicator was weighted to reflect its influence on farm water supply vulnerability 


to volcanic hazards. 


 


2.4.1.1 Water source 


Experience from the Mt St Helens and Mt Hudson eruptions have clearly demonstrated that water 


supplies fed by groundwater are less vulnerable to volcanic ash fall than surface water-fed 


systems.  


 


2.4.1.2 Reliance on electricity for water distribution 


All study farms relied on electrically powered pumps, highlighting modern farm water supply 


dependence on electricity.  Water supplies will be lost, or will be reduced to stored water capacity, 
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unless a farm has an alternative or backup source of power such as a fuel-powered generator or 


power-take-off (PTO) from a tractor. Farms with a gravity-fed distribution system however would 


be more resilient in these circumstances.  


 


2.4.1.3 Storage Capacity 


If water supplies are disrupted, such as by ashfall contamination or pump failure, the ability of a 


farm to meet its water demands will depend on stored water.  Study farm 1 maintains enough 


stored water for up to 5 days during dry, warm summer periods.  Study farms 5 and 6 (dairy farms) 


access a municipal water scheme and thus maintain small water stored supplies on the farm, 


exclusively for milking shed cleaning.  Both farms relied on surface water supplies had only 1-2 


days storage capacity.   


 


Table 2.3: General characteristics of study farms 


Study  


farm Farm type Size (ha) Location Water supply Date visited 


1 Sheep and Beef 650 (325 lease) Tikokino, Hawke’s Bay Groundwater  2 May 2007 


2 Sheep and Beef 850 Bridge Pa, Hawke’s Bay 


Surface water  


(& groundwater) 2 May 2007 


3 Sheep and Beef 280 (1700 lease) 


Western Taupo,  


Waikato Surface water 3 May 2007 


4 Dairy 117 


Rerewhakaaitu,  


Bay of Plenty Groundwater 18 Dec 2005 


5 Dairy 160 Reporoa, Bay of Plenty 
District scheme 
(groundwater) 3 May 2007 


6 Dairy 125 Eltham, Taranaki 
District scheme 
(surface water) 7 May 2007 


7 Horticulture: vineyard 14 Hastings, Hawke’s Bay Groundwater 2 May 2007 


8 Horticulture: kiwifruit 5.5 Cambridge, Waikato Groundwater 5 May 2007 
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Table 2.4: Water Vulnerability Ratings for Study Farms 


Study 


Farm 


Water Supply Pumping Capability Storage Capacity Independence 
of Supply 


Water Usage Previous/Current 
Water Stress 


Vulnerability 
Rating 


Vulnerability 
Class* 


1 Groundwater 
(10) 


Total reliance on 
pumped water – 
back up power 
option for pump 
(15) 


Storage capacity to 
operate for 1-3 days, 
in high demand 
periods (10) 


Share with 
several users (2) 


Small water 
user (5) 


Constant (un-
stressed) supply of 
water to farm (0) 


42 Moderate 


2 Surface water 
(30) 


Some reliance on 
pumped water – no 
back up power 
option for pump 
(10) 


Storage capacity to 
operate for 1-3 days, 
in high demand 
periods (10) 


Individual 
access to supply 
(0) 


Small water 
user (5) 


Occasional 
pressure on farm 
water supply (3) 


58 Moderate 


3 Surface water 
(30) 


Total reliance on 
pumped water – 
back up power 
option for pump 
(15) 


Storage capacity to 
operate for 5+ days, in 
high demand periods 
(5) 


Share with 
several users (2) 


Small water 
user (5) 


Constant pressure 
on farm water 
supply (10) 


67 High 


4 Groundwater 
(10) 


Total reliance on 
pumped water – 
back up power 
option for pump 
(15) 


Storage capacity to 
operate for 1-3 days, 
in high demand 
periods (10) 


Individual 
access to supply 
(0) 


Large water 
user at specific 
times of the 
year (10) 


Constant (un-
stressed) supply of 
water to farm (0) 


45 Moderate 


5 District 
scheme - 
groundwater 
(10) 


Total reliance on 
pumped water – no 
back up power 
option for pump 
(20) 


No storage capacity 
(20) 


District scheme 
(5) 


Large water 
user at specific 
times of the 
year (10) 


Constant (un-
stressed) supply of 
water to farm (0) 


65 High 
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6 District 
scheme - 
surface water 
(30) 


Total reliance on 
pumped water – 
back up power 
option for pump 
(15) 


No storage capacity 
(20) 


District scheme 
(5) 


Large water 
user at specific 
times of the 
year (10) 


Seasonal pressure 
on farm water 
supply (7) 


87 Extreme 


7 Groundwater 
(10) 


Total reliance on 
pumped water – no 
back up power 
option for pump 
(20) 


No storage capacity 
(20) 


Individual 
access to supply 
(0) 


Large water 
user at specific 
times of the 
year (10) 


Constant (un-
stressed) supply of 
water to farm (0) 


60 Moderate 


8 Groundwater 
(10) 


Total reliance on 
pumped water – no 
back up power 
option for pump 
(20) 


Storage capacity to 
operate for 1-3 days, 
in high demand 
periods (10) 


Individual 
access to supply 
(0) 


Large water 
user at specific 
times of the 
year (10) 


Constant (un-
stressed) supply of 
water to farm (0) 


50 Moderate 


 


Vulnerability classification: extreme = 100-81; high = 80-61; moderate = 60-41; low 40-0 







34 


 


 


Table 2.5: Agricultural Water Supply Vulnerability Index (Volcanic Hazards) 


VULNERABILITY CLASS INDICATOR VULNERABILITY RATING TOTAL 


Supply 


Groundwater 10 


30 


Surface water 30 


Pumping Capability  


 


No reliance on pumped water  0 


20 


Some reliance on pumped water – back 
up power option for pump  


5 


Some reliance on pumped water – no 
back up power option for pump 


10 


Total reliance on pumped water – back 
up power option for pump 


15 


Total reliance on pumped water – no 
back up power option for pump 


20 


Storage Capacity  


Storage capacity to operate for 5+ days 
(in high demand periods) 


5 


20 Storage capacity to operate for 1-3 days 
(in high demand periods) 


10 


No storage capacity  20 


Independence of Supply 


Individual access to supply 0 


5 Share with several users 2 


District scheme 5 


Water Usage 


Small water user 5 


15 
Large water user at specific times of the 
year 


10 


Large water user for large periods of the 
year 


15 


Previous/Current Water 
Stress 


Constant (un-stressed) supply of water to 
farm 


0 


10 


Occasional pressure on farm water 3 
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supply  


Seasonal pressure on farm water supply 7 


Constant pressure on farm water supply  10 


VULNERABILITY RATING SUM TOTAL Rating out of 100 


 


2.4.1.4 Independence of Supply 


Analysis of the case studies indicates that farms with an individual, independent water supply 


were less vulnerable to water supply disruption.  Farmers responsible for their own pump system 


had a greater understanding of its design and operation, and were able to repair disruptions (such 


as pump blockages) more rapidly in comparison to farms supplied by a district water scheme.  


Larger catchment-based schemes may be prone to ashfall contamination in at least some part of 


their area and most are more dependent on continuous power supply. Hence, farms not impacted 


by ashfall may still lose their water supply if the district scheme is affected.  


 


2.4.1.5 Farming type 


Farming type and seasonality are important factors in vulnerability.  Farm 6 is a dairy farm with 


125 ha and 410 dairy cows and has a peak water consumption between December to March of up 


to 49,200 L/day (120-140 L/cow/day; or 393.6 L/ha/day), whereas in winter it is only 15-18 


m3/day.  On Farm 3, a 280 ha sheep and beef operation, only 10,000 L/day of water is required in 


hot dry periods for 3000 sheep and 300 cattle, <10%  of the peak daily per hectare rate of the 


dairy farm.  If supplementary feed was required, intensively stocked areas will require significantly 


greater volumes of water, although this may reduce if milking was ceased and animals fed survival 


rations.  


 


2.4.1.6 Water Stress 


Locations already under seasonal or constant water stress, will be most vulnerable. Farm 6 (dairy) 


uses water from a district supply scheme that suffers regular water shortages during summer 
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periods.  Farm 1 has added a groundwater bore and increasing connectivity of the distribution 


system following a drought to alleviate water stress and thus also reduce vulnerability to ash fall.   


 


2.4.1.7 Seasonal Vulnerability 


Farming operations are strongly influenced by seasonal variations in climate and hence their 


vulnerability to volcanic hazards varies throughout the year (Wilson and Kaye, 2007). The level of 


water demand was mapped for each farm type on an annual basis in Figure 2.2, based on farmer 


interviews from this study.  All farms draw least water during winter, especially sheep and beef 


farmers.  Dairy farms on the other hand, require livestock drinking water all year round, especially 


if supplementary feed is used and due to requirements of plant cleaning during the main milking 


season.  Other land uses will have also critical periods, with vineyards requiring irrigation between 


September to February as well as March to May during wine making.  For the kiwi fruit orchard 


irrigation the periods of demand were similar.  


Farmers in the Ibanez valley, Chile experienced no water issues following the August (winter) 


ashfall, but contamination of water supplies in summer by wind-blown ash was a significantly 


greater problem.    


 


2.4.2 Analysis of Study Farms 
Of the studied farms (Table 2.4) one (Farm 6) was ranked as being extremely vulnerable to impact 


of ash fall, two were high (Farms 3 and 5) while the others moderately vulnerable. The primary 


factor was that study Farm 6 relied entirely on surface water supplies and electricity to pump 


water. It also had no on-farm water storage, is a large-volume water user at certain times of the 


year and commonly experiences seasonal water shortages.  
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Figure 2.2: Period of water demand for different farm types (adapted from Wilson and Cole, 


2007). 


The least vulnerable farms have supplies augmented by groundwater sources, have backup power 


supplies for pumping, adequate on-farm storage, low water demands, and little seasonal drought.  


There was considerable variation of vulnerability within this sample of farms, reflecting the highly 


variable nature of individual farm water supply systems in the central North Island.  No single 


indicator is a consistent proxy for determining the level of vulnerability, hence an index approach 


is best. Being able to judge the variability in resilience of individual farms may help prioritise 


emergency response and recovery planning initiatives.  
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2.5 Conclusions  
Following large silicic eruptions, such as the 1980 St Helens eruption or the 1991 Hudson eruption, 


physical impacts of ashfall overwhelm more subtle chemical impacts on water supply systems 


(such as changes to water quality).  Particular points of vulnerability are open irrigation channels 


and drinking water ponds, which become clogged with ash, and ash damage to electrical 


components such as switch panels, to motors and other components such as sprinkler heads. 


Impacts of ash from the Mt St Helens eruption on two contrasting regions showed that 


groundwater-fed systems were much more resilient to volcanic ash than those from surface 


water. However, this depends also on a constant supply of electricity, which is not always possible 


under ash fall. Ashfalls causing chemical impacts were typically thin andesitic or basaltic layers in 


distal areas of fallout zone where grainsize was finest and particles had the greatest surface 


area/volume ratio for transporting soluble salts.   


A farm water supply vulnerability index was developed to assist rapid identification of the 


vulnerability of individual farm water supply systems to volcanic ash.  The key components of this 


index were: 


 Water source (ground or surface water) 


 Water storage capacity 


 Reliance on electricity for water distribution 


 Volume of water use 


 Other stresses to water supply. 


 Independence of supply.  


The index highlighted the diverse resilience of the water supplies on a range of case-study farms in 


the volcanically active central North Island of New Zealand.  The index provides a tool to rapidly 


identify areas requiring prioritized response and recovery activities to minimize animal welfare 


issues and economic disruption. 


The following suggestions are made to encourage reduction of vulnerability of rural water supplies 


to volcanic ash fall, based on literature review and assessment of study farm vulnerability.  They 


are divided into components of reduction, readiness, response and recovery (MCDEM, 2006). 
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2.5.1 Reduction (during periods of quiescence) 
Take steps to protect household water supply. If reliant on a roof-fed rainwater tank, install a 


disconnect valve to prevent ash washing into the tank. Alternatively stockpile bottled water.  


Ensure farms have adequate water storage in enclosed tanks. Five to seven days’ supply for stock 


in hot dry conditions is ideal.  Location of tanks on topographic high points allows gravity-fed 


distribution to be used if power supplies fail. 


Diversify water supplies if possible; ideally both surface and ground water supplies. 


Be aware that an already overstretched water supply will be more vulnerable in the event of a 


volcanic crisis; if possible take steps to address this problem. 


Maintain water distribution systems in a good state of repair. If the distribution system has 


separate sources, consider connecting them into a single network to provide extra resilience.  


Use larger, deeper stock watering troughs to dilute contamination by ashfall.  


Consider a backup power generator or backup portable pumps.  


 


2.5.2 Long-term readiness (weeks to days in advance) 
Make sure maintenance of the water distribution and supply system is up to date and that storage 


tanks are full.  


Plan what to do in the event of an eruption. Decide how to best locate livestock for access to fresh 


water. Consider alternative supplies of water if your own supply becomes unusable (e.g. 


neighbours with a groundwater supply).  


Stock up on filters and water supply fittings (for pumps and other machinery) 


 


2.5.3 Short-term readiness (days to hours in advance) 
Disconnect roof-fed tanks from source. Consider water rationing if supplies are limited.  
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Move stock to paddock(s) with good access to water supplies, e.g. gravity-fed from storage tanks, 


or running water such as springs or creeks, and preferably close to homestead. 


Decide on management options for stock watering troughs. If covering troughs during ash fall, 


ensure there is sufficient time to cover them and then uncover it as they are required.  Or leaving 


troughs uncovered ensure they are full to dilute ash fall contamination 


Uncontaminated water sources such as springs will be valuable during an ashfall; if necessary, 


fence them off to protect them from fouling by stock.  


Avoid irrigating crops before an ashfall as ash will adhere more strongly to wet surfaces.  


Ensure sump, drain pipes, and drain grills are clear.  


Be prepared for (repeated) false alarms. 


 


2.5.4 Response (during and immediately after an eruption) 
Monitor and assess impact of volcanic ash on water supplies. Regularly check pumps, filters and 


water intake structures for blockages and signs of damage.  Consider providing additional filtration 


if necessary.  If possible, avoid using pump. 


Conserve water when cleaning up ash. Best to lightly wet it and then shovel it out.  Choose a 


disposal site well away from critical farm areas and drains.  


Flushing irrigation channels with clean water may assist in removing deposited ash. Windblown 


ash may have to be dug out of irrigation channels for some time after an eruption. 


If water supply is compromised or disrupted, begin water conservation measures.  Water 


contaminated with ash can be drunk in an emergency if the ash is allowed to settle out. It is likely 


to be unpalatable due to a bitter metallic taste, but is unlikely to pose a risk to human health if 


drunk on a short term basis. 


Prioritise farm activities as being critical, required or optional.  


If possible, and appropriate, move livestock into covered yards.  
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2.5.5 Recovery (following the eruption) 
Be aware that volcanic eruptions may last for periods of years or even decades and that ash may 


be a repeated intermittent phenomena.  


Re-assess all components of water supply systems.   


Reconstruct any damaged systems in a more resilient manner to prevent the same problem 


occurring in the future.  Use Reduction recommendations as guidelines. 
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ABSTRACT 


This report presents first-hand observations of the impacts of the 2006 eruptions of Merapi 
volcano, in central Java, on agriculture and infrastructure of the Yogyakarta region. A field 
team visited the region during the period 22 June – 5 July 2006, representing the University 
of Canterbury’s Natural Hazards Research Centre, GNS Science, the New Zealand 
Earthquake Commission and the New Zealand Ministry of Civil Defence and Emergency 
Management. In addition to coverage of agricultural and infrastructural impacts, this report 
also includes a description of the volcanology of the 2006 eruptions, and a discussion of the 
Indonesian response to the volcanic crisis including evacuation and crisis management. 
 
Agriculture received the most damage of any economic sector, mostly due to the close 
proximity of a significant number of farms to Merapi volcano. Impacts on crops varied with 
ash thickness, as well as by crop type and plant maturity. Up to 100% of crops were lost in 
some locations. Significant weight loss in cows was observed, due to animals eating tephra-
covered fodder.  
 
Overall, impacts to infrastructure were slight. Lifeline utilities and other infrastructure 
exhibited a higher degree of resilience than expected, probably due to the absence of rain as 
the eruption occurred during the dry season. Deposits left from the eruption on the upper, 
south-facing slopes of Merapi still pose a severe lahar threat to the floodplains below in times 
of heavy rain.  
 
Despite their relatively small size, the 2006 eruptions of Merapi caused two deaths, the 
destruction of most of the village of Bebeng/Kaliadem, the displacement of tens of thousands 
of people, and significant impacts on the agriculture of the region. We conclude this report by 
attempting to draw lessons for New Zealand from our findings.  
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1. INTRODUCTION 


Indonesia (Figure 1) experiences an average of one significant volcanic eruption every 
year (Witham, 2005) because of intense volcanic activity along the Sumatra and Java 
subduction zones which comprise one of the longest, most prolific convergent margins 
on Earth. Merapi volcano, located approximately 25 km north of the city of Yogyakarta in 
central Java (Figure 2), is widely recognized as one of the most frequently active 
volcanoes on Earth (Witham, 2005). In early April 2006, Merapi began to show signs of 
volcanic unrest as volcano-tectonic and volcanic earthquakes increased daily (WHO, 
2006).  Seismic activity continued throughout May, and extrusive activity, in the form of 
lava flows from the summit, was first observed on 4 May, marking the beginning of the 
eruption. 


 
Figure 1 Map of Indonesia, with Merapi indicated by red triangle 
 
Proximal hazards during the eruption were due largely to block and ash (pyroclastic) 
flows resulting from periodic partial collapse of the growing lava dome on the summit of 
Merapi. Distal hazards were due to tephra falls originating from convecting plumes of hot 
gas accompanying both larger block and ash flows and the fracturing summit lava dome. 
Variable winds dispersed tephra widely around Merapi volcano.  
 
This report presents a summary of observations of impacts of this eruption on agriculture 
and infrastructure in the Yogyakarta region of central Java, collected during a field visit 
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Figure 2 Map of Yogyakarta region, south central Java. Merapi is located at top centre 
 
to the region between 22 June and 5 July 2006. Other aspects covered include the 
chronology of the 2006 eruption, evacuation prior to and during the eruption, the local 
response and crisis management, and future hazards from the eruption.  
 
1.1 Rationale for field visit 


The New Zealand Earthquake Commission (EQC) funded the field visit for two of the 
authors (T. Wilson and G. Kaye) to collect observational data on the direct impacts of the 
2006 eruption of Merapi on agriculture and infrastructure around the volcano. An 
important application of this work is to apply the findings in New Zealand, to further our 
predictive capabilities for the impacts of future eruptions in New Zealand. Although many 
projects are currently underway in New Zealand to improve understanding of the impacts 
of volcanic eruptions and other natural hazards on communities, lifelines, agriculture and 
infrastructure (e.g. King et al., 2004; Kaye et al., 2006; Wilson and Kaye, 2007), there is 
little direct observational data because of the small number of eruptions in recent times 
in New Zealand.  
 
The eruption of Merapi also provided an opportunity to advance volcanic hazard risk 
assessment. The Regional Riskscape Project (or Riskscape) is reliant on the concept of 
‘fragility functions’. These are numerical relationships between hazard intensity and 
damage, which need to be validated with existing observations and data. Thus, the 2006 
Merapi eruption provided field observations that will be used to refine fragility functions 
for Riskscape.  
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2. METHODS 


2.1 Field stops and observations 


The team spent five days (23, 25-27 June, 4 July 2006) in the field at Merapi, and 
circumnavigated the volcano. Taking care to visit all sectors of the volcano, 213 field 
stops were made. At each field stop, a GPS waypoint was recorded (Figure 3 and 
Appendix 1). Information recorded in the field included observations of ashfall conditions 
and evidence of physical impacts (Appendix 1). Where appropriate, ash, soil and rock 
samples were collected and brought back to New Zealand for analysis. Photographs and 
video footage were also collected at every location, and matched with GPS points in 
order to facilitate a more detailed review back in New Zealand.  
 


2.2 Interviews with farmers and local residents 


While circumnavigating Merapi, the team interviewed 35 farmers and a further 15 local 
residents with the help of an interpreter.  Efforts were made to obtain a spatially diverse 
sample, although this was hampered by logistical and time constraints. Farmers and 
residents were approached when they were observed working in the fields, in evacuation 
centres, or in villages or hamlets. A set of questions was put to them, covering the 
amount of ashfall they had experienced, any physical damage sustained, damage to 
crops or animals, any economic losses sustained, and the performance of infrastructure 
during the eruption. Occasionally, due to the language barrier, information was received 
on the impacts of past eruptions rather than the current eruption; a distinction was made 
where possible.  
 


2.3 Interviews with agricultural and soil science experts 


In Yogyakarta, discussions were held with local agriculture and soil science experts at 
the Institute of Science and Technology (ISTA) and the University of Gadjah Mada 
(UGM), on 28-29 June 2006. Discussions covered the impacts of ashfall on crops and 
other farming practices, physical damage, economic losses and the performance of 
infrastructure. These experts provided invaluable information about the technical nature 
of farms, crops, seasonality, and agricultural practices around Merapi.  
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Figure 3 Field stops around Merapi showing GPS waypoint numbers 
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3. ERUPTIVE HISTORY AND GEOLOGIC BACKGROUND 


Merapi has a long, active, and varied history. The volcano has been extensively studied, 
and is intensively monitored. Previous studies (e.g. Newhall et al., 2000; Camus et al. 
2000; Voight et al., 2000; Andreastuti et al., 2000) have constrained the historic and 
prehistoric eruption record at Merapi from stratigraphic mapping and age-dating 
investigations. These studies, coupled with observations and monitoring data from the 
last two centuries, suggest that Merapi’s recent behaviour differs from its prehistoric 
activity. 
 
3.1 Prehistoric eruptions 


Stratigraphy and radiocarbon dating of pyroclastic deposits at Merapi volcano have been 
summarised by Newhall et al. (2000), and reveal 10,000 years of explosive eruptions. 
The Holocene record suggests that the mean recurrence period for Volcanic Explosivity 
Index (VEI) 4 events is approximately 100–200 years, and for VEI 5 is approximately 
1000 years. These recurrence periods may be overestimates, as not all tephras or 
pyroclastic flow deposits for events of this size have been recognized (Andreastuti et al., 
2000). 
 
3.2 Historic eruptions 


3.2.1 19th century eruptions 


Tephrostratigraphic evidence (Andreastuti et al. 2000, Voight et al. 2000, Newhall et al. 
2000) suggests that eruptions of Merapi during the 19th century were larger than those of 
the 20th century.  Four eruptions of VEI 3 or greater occurred during the 19th century; the 
largest was a VEI 4 event in 1872 which produced a large crater and generated a 
pyroclastic flow (from column-collapse) that travelled over 20 km from Merapi’s summit. 
Three VEI 3 events occurred in 1822 (possibly 1832), 1846 and 1849. It is possible that 
the 1822 eruption may have been a similar size to the 1872 VEI 4 event. In contrast, 
only two VEI 3 eruptions occurred during the 20th century.  
 
3.2.2 20th century eruptions 


Since the beginning of the 20th century, Merapi volcano has been intensively studied and 
monitored, and detailed records of its eruptive history throughout the 20th century are 
available (Figure 4). As well as showing the distance from the summit and direction of 
observed 20th century pyroclastic flows, this diagram also shows the extent of mapped 
prehistoric flows. It is clear that the pyroclastic flows depicted in Figure 4 are all 
considerably smaller than the flow generated by the 1872 VEI 4 event, which travelled 
20 km. Also, there is a predominance of flows to the westerly quadrant.  
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Figure 4 Prehistoric and 20th century pyroclastic flows from Merapi (adapted from Thouret et al, 2000) 
 
Notable eruptions during the 20th century were the 1930 VEI 3 event, which generated a 
pyroclastic flow that travelled 12 km, caused 1,369 deaths and made approximately 
13,000 people homeless (Table 1). Another VEI 3 event occurred in 1961. It also 
generated a 12 km pyroclastic flow, but was less hazardous, with six people killed and 
approximately 6,000 made homeless. Smaller eruptions have also had devastating 
impacts on local people. For instance, in 1994, a VEI 2 eruption produced 7 km 
pyroclastic flows along the Boyong River, which killed sixty people in the village of 
Turgo. A further 6,026 people were made homeless by or evacuated from this event.  
 
During the 20th century, eruptive activity from Merapi has been characterised 
predominantly by the repeated expulsion of viscous, highly crystalline lavas to form 
bulbous lava domes and thick, stubby lava flows. The gravitational instability and 
collapse of these extrusions tends to generate violent, although modestly-sized, 
pyroclastic flows commonly defined as ‘Merapi-type’ (Voight et al., 2000).  
 
3.2.3 Impacts on human populations 


Since the mid-1500s there have been approximately 7,000 deaths caused by volcanic 
activity at Merapi (Thouret et al., 2000; Witham, 2005), with one of the most lethal 
eruptive episodes in 1930 with 1,369 deaths. On average, a volcanic disaster has 
occurred approximately once every three years (Witham, 2005). Hundreds of villages 
have been destroyed along with thousands of hectares of farmland and forests over the 
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past 300 years (Voight et al., 2000). The effects of eruptions have become increasingly 
more devastating because of the increasing population density around Merapi. Impacts 
on populations around Merapi are illustrated in Table 1 for selected eruptions.  
 
Table 1 Human impact of selected eruptions of Merapi volcano (from Witham, 2005) 


Date of eruption VEI of eruption Number killed Number injured Number 
evacuated or 
made homeless 


1930 3 1,369 - 13,000 
1961 3 6 6 8,000 
1994 2 64 500 6,026 
1998 Effusive - 314 6,000 
Total  
(20th century) 


 1,590 932 32,275 


     
2006 Effusive 2 - 12,000 
 


3.3 Hazard management at Merapi 


There is continued speculation about whether the relatively small eruptions of Merapi 
that have occurred throughout the 20th century and now into the early 21st century herald 
a new era of eruptive style at Merapi. Alternatively, the past century’s activity may be 
low-level background activity that could be interrupted at short notice by much larger 
explosive eruptions (Newhall et al., 2000). Considering Merapi’s 10,000-year record of 
explosive activity (Newhall et al., 2000, Voight et al. 2000), many scientists favour the 
latter hypothesis and have expressed concern that a large eruption will occur in the 
future with only modest or inadequately appreciated precursors.  
 
This debate has important implications for hazard evaluation and management at 
Merapi, particularly in view of the fact that an estimated 440,000 people live in high-risk 
areas around Merapi vulnerable to pyroclastic flows, surges and lahars (Thouret et al., 
2000).  A further complication is that it is typical for eruption locations to change, putting 
different sectors, with populations in varying states of preparedness, at risk. During the 
last 100 years most pyroclastic flows have been to the western quadrant, and to a lesser 
extent, to the north and south of the summit, but the collapse of current or historic domes 
can dramatically change the direction of pyroclastic flows. This was observed during the 
current (2006) eruption, and is discussed further in Section 4.4 below.  
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4. THE 2006 ERUPTION OF MERAPI 


4.1 Chronology 


A chronology of the 2006 eruption of Merapi is provided in Table 2. Locations referred to 
in the table are shown in Figures 6 and 14.  
 
Table 2 Chronology of 2006 eruption of Merapi  
 


 
4.2 Primary physical behaviour and general impacts 


The 2006 Merapi eruption was typical of previous small effusive eruptions from this 
volcano. Fresh, highly-degassed andesitic magma was extruded at the summit into a 
lava dome, which occasionally shed material from its collapsing lower edges down onto 
the upper edifice due to gravitational instability. These collapse events created block and 
ash flows, of which the largest was on 14 June. A block and ash flow travelled 
approximately 4 km down the Woro Valley and devastated the towns of Kaliadem and 
Bebeng. Two men, who tried to escape the flow by sheltering in a bunker, were killed. 


Date Time  Event 
25 April - Merapi Volcano Observatory (BPPTK) reports 198 multi-phase (MPT) 


earthquakes, 4 shallow volcanic tremors (SVT), and one tectonic quake (TT) 
26 April - BPPTK reports 57 MPTs, one SVT 
3 May - BPPTK reports 84 MPTs, one SVT, and 4 discharges 
4 May 02:00 Lava erupted from summit 
7 May - 133 MPTs, 88 TT, and one SVT 
8 May 0:00-06:00 One SVT, 34 MPTs, 29 TTs  
9 May - 6 VTs, 142 MPTs, 152 RFTs. 
10 May 0:00-06:00 One SVT, 123 MPTs, 88 rock fall tremors (RFT), and 4 TTs. Evidence of 


new growing lava dome at summit reported 
12 May - 90 MPTs, 214 RFTs, 4 TTs, 11 pyroclastic flows (PF) max. 1.6 km down 


upper Krasak and Boyong Rivers, lava flows (LF) down same drainages to 
1,500m from summit 


13 May 0:00 and 
06:00 


27 MPTs, 24 RFTs, and 14 PFs of uncertain distance. BPPTK recommends 
communities within 8 km of the crater on the south-southeast sector 
evacuate, along with those within 10 km of the crater on the southwest-west 
side and those within 8 km on the western flank. 


14 May 0:00 to 06:00 23 ash/steam clouds erupted once every 15 minutes 
4/5 June unknown Geger Boyo collapses 
13 June - Alert level lowered from 4 (caution) to 3 (alert) 
14 June ~12:00 Small dome collapse flow causes renewed evacuation of Kaliadem and 


surrounds 
14 June ~15:00 Dome collapse, block and ash flow down Woro valley onto Kaliadem village. 


Two men were killed in a bunker where they tried to escape the flow. Water 
pipes were severed, cutting off water to 12,000 people. The alert level was 
raised to 4 (caution) 


22 June to 5 
July 


- Small dome-collapse block and ash flows continue, but decrease in intensity 
and frequency 


12 July - Alert level lowered from 4 (caution) to 3 (alert). 
12 July to 25th 
August  


 -  Continued decrease in eruption activity 


By October 1  Return to baseline Alert Level 
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Upper Woro Valley 


 
As a result of both the magma extrusion and the collapse-induced flows, fresh juvenile 
lava was fractured at the summit dome and ash was mobilised skyward in convective 
currents from the hot flows, and carried by prevailing winds to fall on communities 
around the volcano. A gas and ash plume trailing to the west-southwest is shown in 
Figure 5.  
 
 


 


 


 


 


 


 


 


 


 
 
Figure 5 W-SW ash plume from Merapi, viewed from Merapi golf course ~12 km south of the summit 


on 22 June 2006 
 


4.3 Ash deposition (isopach map) 


A range of ash and tephra thicknesses were deposited around Merapi, with greater 
depths found around the valleys on the western, southwestern and southeastern flanks 
of the mountain, where the large block and ash flows travelled. Tephra depths were 
recorded during field visits, and are listed in Appendix 1. Approximate isopach lines have 
been constructed from this data, and are shown in Figure 6. Prevailing winds from the 
west and south also distributed tephra over the eastern and northern sides of the 
mountain. However, most of the surrounding areas experienced only traces of ashfall.  
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Figure 6 Isopach lines for the 2006 Merapi eruptions and inner (8 km radius) and outer (10 km) 


exclusion zones 
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Geger Boyo 
2006 Lava Dome 


4.4 The collapse of the Geger Boyo 


The 1931 lava domes on the southwest flank of Merapi were named ‘Geger Boyo’ 
(crocodile back) by local residents and volcanologists, due to the domes’ resemblance to 
the spine of a crocodile (Figure 7). They were a prominent feature on the upper 
southwest ridge of the volcano, and acted as a protective barrier for communities on the 
southeast side of Merapi by deflecting flows towards the west and southwest. Because 
of the protection offered by the Geger Boyo, communities on the southeast side of 
Merapi had not been subjected to any significant pyroclastic flows since 1930.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 View of the Geger Boyo (outlined) on 11 May 2006 (Dr. S. Bronto, pers. comm.) 
 
 
The Geger Boyo collapsed between 4 and 5 June 2006, cascaded down the Woro valley 
and opened up the southeastern flanks of Merapi to the unstable and growing lava dome 
at the south summit of the volcano (Figures 8-9). This shift in hazard location was 
immediately publicised by the Merapi Volcano Observatory (known locally as the 
BPPTK), and featured prominently in the local newspapers (Dr. S. Bronto, pers. comm.). 
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Figure 8 Southeast flank of Merapi on 5 June 2006, showing the Upper Woro valley, the collapsed 
Geger Boyo and the growing lava dome at the summit (Dr. S. Bronto, pers. comm.) 


 
 


Figure 9 View of the southeast flank of Merapi on 14 June 2006 showing deeply-eroded Woro Valley. 
The lava dome is partially obscured by steam and ash (Dr S. Bronto, pers. comm.) 
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4.5 Block and ash flows on 14 June 


At approximately midday on 14 June 2006, a small block and ash flow came down the 
upper Opak/Gendol River valley (Figures 10 and 11), causing BPPTK to order an 
immediate evacuation of Kaliadem (Bebeng) village, and forcing the remaining residents 
to flee down the mountain. The overall damage to Kaliadem village is shown in Figure 
12, which is taken from a similar vantage point to Figure 11.  
 
Two volunteers remained behind to assist with evacuations, and retreated to a concrete 
bunker specifically designed to withstand a pyroclastic flow, with heavy doors, running 
water and an oxygen supply. However, a second, and much larger, block and ash flow 
occurred at approximately 3 pm. The bunker was damaged (Figure 13) and the two men  
were killed.  
 
The approximate path of the large pyroclastic flow on 14 June is shown in Figure 14. It 
travelled approximately 4 km from the summit, and divided into two lobes on either side 
of Kaliadem village.  
 


 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 10 14th June block and ash flow viewed from Merapi golf course (permission of S. Bronto) 
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Figure 11 Advancing front of the 12 pm 14 June block and ash flow from Kaliadem village  
 


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 12 Kaliadem village after the 14 June block and ash flow (note partial burial of shrine) 
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Figure 13 Bunker in Kaliadem village where two men lost their lives 
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Figure 14 Sketch map of Kaliadem / Bebeng village showing 14 June pyroclastic flows. Yellow hatched 


area denotes approximate location of village destroyed by flow 
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4.5.1 Damage to buildings in Kaliadem village 


In addition to taking two lives, the larger block and ash flow on 14 June 2006 caused 
considerable damage to many buildings in Kaliadem/Bebeng as it over-rode the earlier 
flow. Houses were buried by several metres of flow material, and some roofs were 
crushed by falling debris. The blocks from the lava dome were extremely degassed and 
highly crystalline (Newhall, pers. comm.). Consequently, the flow material was not as hot 
as might have been expected for freshly erupted juvenile material, and most buildings 
damaged by the flow were impacted by the blocks, but not burned (Figures 15 and 16). 
Some buildings were slightly scorched on their exteriors by smouldering woody debris 
entrained within the flow (Figure 16). Approximately ten metres from the lower extent of 
the flow in Kaliadem, plastic sheeting that had been wrapped around a house to prevent 
ash from entering the building was not melted by the 14 June flows (Figure 17). The 
margins of the flow were sharp both in Kaliadem village and to the west, where a lobe of 
the flow destroyed a road slightly below the village (Figure 18). The western lobe of the 
flow in the upper Opak River had very abrupt damage margins. Foliage was not even 
singed only a few meters from the edge of the flow (Figure 18). 
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Figure 15 House destroyed by impact of blocks during 14 June 2006 block and ash flows 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 Partially-buried and scorched house in Kaliadem 
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Figure 17 House in Kaliadem wrapped in plastic to exclude ash  
 


 


 


 


 


 


 


 
 
 
 
 
 
 
 
 
 


 
 
Figure 18 Road close to Kaliadem partially covered by debris from 14 June flows (note sharp 


boundaries) 
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5. AGRICULTURAL IMPACTS 


5.1 Overview of agricultural practices around Merapi 


The land use around Merapi can be described as high-intensity, low-technology, 
subsistence tropical agriculture (Figure 19). Farm sizes are typically between one and 
two hectares, and may support families ranging from an elderly couple to a large 
extended family of up to ten people. The Yogyakarta region has a year-round tropical 
growing season that is typically divided into a wet season (October to March) and a dry 
season (April to September).  
 


 
Figure 19 Typical paddy-type agriculture on the south flank of Merapi 
 


There are few inputs into farms. Fertiliser inputs are low, and usually consist of manure 
from farm animals such as cows, goats or sheep. The team found no evidence of the 
use of mineral fertilisers. New high-yield varieties of rice have been introduced over the 
past ten years, with considerable success. As in New Zealand, there are no subsidies or 
government assistance for farmers (D. Indradewa, pers. comm.). Some use of pesticide 
sprays, from a knapsack-type dispenser, was observed.    
 


5.1.1 Farm types 


Paddy-grown rice is the preferred crop for farmers. It is a traditional favourite, well-suited 
to the centuries-old paddy-style farming. While the economic returns are less than for 
other cash crops, farmers perceive rice to be a low-risk crop due to its resilience to 
pests, and the low labour demands once it is established (D. Indradewa, pers. comm.).  
 
Secondary cash crops are part of the rotational practices used by all farmers, and 
include tobacco, corn, maize, chilli peppers, tomatoes, watermelons, taro, carrots, 
bananas, cabbages and peanuts. Successful harvests of cash crops offer good 
economic returns for farmers but are more susceptible to disease, pests and climatic 
variations.  
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Livestock are mainly kept to produce meat for domestic consumption. Typical farm 
animals include cows, oxen, sheep, goats, chickens, and ducks. There appears to be 
limited milking of animals in the region, and that which occurs is centred mainly on 
Kaliadem.  
 
5.1.2 Lowland/upland division and influence on seasonality 


The topography of the Merapi region has a significant influence on agricultural practices. 
There is a clear division between lowland areas, which have a secure water supply 
allowing irrigation throughout the year, and upland areas which do not have a secure 
water supply in the dry season.  
 
In lowland areas, the constant water supply allows preferred crops (mainly rice, which is 
water-dependent) to be grown year-round, with three to four harvests per year possible. 
Productivity is high on lowland farms, with rice yielding up to seven tonnes per hectare.  
 
Upland areas are able to grow preferred crops during the wet season, but during the dry 
season, when the reliable water supply is lost, must fall back on secondary cash crops. 
As a result, only two to three harvests per year are typically possible, and the 
productivity is also lower and usually around 1.5 tonnes per hectare (D. Indradewa, pers. 
comm.).  
 
The team visited the Merapi region during the dry season in 2006. Irrigated lowland soils 
were moist, but the upland soils were dry and dusty, particularly on the upper slopes of 
the volcano. Rice crops were rarely observed in upland farms. When rice crops were 
seen, they were at a mature stage of development with developed seed-heads, ready for 
harvest.  We observed a wide variety of cash crops in upland regions, with nearly all the 
crops listed in Section 5.1.1 present at various stages of growth. Less diversity was 
observed in lowland farms, with only rice, tobacco, chili peppers and corn observed.  
 
5.2 Observed impacts of volcanic activity on crops 


The main volcanic hazard affecting agriculture was tephra fall, derived from convecting 
plumes rising off the block and ash flows from dome collapse events.  While block and 
ash flows were limited to the western and southern flanks, the prevailing winds 
distributed ashfalls more widely around all sectors of the volcano (Figure 6). Farms in 
the direct path of block and ash flows were destroyed (for example, at Petung and 
Kaliadem). Local authorities estimated that by late July 2006, up to 3,000 hectares of 
agricultural land had been destroyed by the eruption. The sharp nature of the margins of 
block and ash debris flows was noted in Section 4.5.1. Vegetation within a metre or two 
of flows was typically scorched by the flow debris, but the team noted signs of regrowth 
and recovery of the vegetation within ten days or so of the initial damage.  
 
5.2.1 Crop vulnerability 


Crop vulnerability was very dependent on crop type. Root and low-growing vegetables, 
such as carrots, potatoes, onions and cabbages, were consistently observed to be the 
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most resilient to ashfall. A likely explanation is that these vegetables tend to be shielded 
by taller plants (such as chilli peppers, tomatoes, tobacco or peanuts) which provided a 
tephra-shadow effect. Plants with shiny leaves, such as cabbages, also appear to be 
able to shed ash readily, which decreases their vulnerability. However, plants with large, 
hairy leaves, such as tobacco, are efficient traps for ash and are very vulnerable.  
 
The maturity of a plant was also observed to be an important factor in determining the 
degree of physical damage. However, there was no general relationship between stage 
of development and damage, and different crops appeared to be vulnerable to ashfall at 
different stages of their development. For example, rice was vulnerable during mature 
stages, with damage apparent to the seed-head, but was resilient during initial stages of 
development. In comparison, corn was vulnerable during early to mid-stage 
development but quite resilient when mature.   
 
Our field observations on the relative vulnerabilities of crops grown in the Merapi region 
are presented in Table 3. For each crop we have described the vulnerable parts and 
stages of development, and combined these with our field observations to assign a 
relative vulnerability to each one, using a four-point scale of ‘high’, ‘moderate’, ‘some’ 
and ‘low’.  
 
5.2.2 Local adaptations 


Agricultural experts expected there to be some adjustment to planting strategies, with 
farmers moving towards planting more resilient plants in the short term (D. Indradewa, 
pers. comm.).  We observed that in many areas, local farmers had started to plant more 
resilient crops such as carrots, potatoes, onions and cabbage. Most farmers appear to 
have adopted a wait-and-see attitude in response to the ashfall, and were following 
normal crop rotation practices rather than abandoning crops and ploughing them under 
to start again.  
 
5.2.3 Influence of seasonality on crop impacts 


On the basis of previous experience at Merapi, farmers and agricultural experts we 
consulted indicated that impacts of eruptions on agriculture are less severe during the 
wet season. Daily monsoonal rains wash ash and aerosol deposits from plants rapidly, 
and are also thought to integrate the ash into the soil more rapidly.  
 
5.2.4 Observed impacts of ashfall on crops 


Our field observations on the impacts of volcanic ash on local crops are also 
summarised in Table 3. Three main categories of damage were recorded in the field, 
and these are discussed further below. It is important to note that these field 
observations have not been followed up by further laboratory-based studies.  
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5.2.4.1 Acid damage 


Surface coatings on fresh volcanic ash are highly acidic due to the presence in the 
plume of aerosols composed of the strong mineral acids H2SO4, HCl and HF (Witham et 
al., 2005; Stewart et al., 2006). Fresh volcanic ash therefore has the potential to cause 
acid damage when it is deposited on vegetation. In addition to tephra fall, plants may 
also be exposed to acidic volcanic gases such as SO2, H2S, HCl and HF, which can also 
interact with moisture in the atmosphere to form vog (volcanic fog) and acid rain. 
 
In general, acid deposition onto vegetation (natural and crops) can cause the following 
impacts (Environment Canada, 2007): 
 it can alter the protective waxy surface of leaves, lowering disease resistance (plants 


can usually replace leached cations, even when treated to a low pH rain, but 
exceptional damage and leaching can occur when the cell membrane has been 
damaged); 


 it may inhibit plant germination and reproduction; 
 it accelerates soil weathering and removal of nutrients; 
 it makes some toxic elements, such as aluminium, more soluble (high aluminium 


concentrations in soil can prevent the uptake and use of nutrients by plants). 
 
See Appendix 2 for further information on acid deposition damage to vegetation, and a 
brief review of the impacts of historic eruptions on vegetation.  
 
Acid damage to vegetation can occur as a result of tephra fall, but can also occur when 
there is little or no tephra deposition on plants, as the acidity may arise from volcanic 
gases, vog or precipitation. Thus, signs of damage to plants in the absence of tephra fall, 
or where only traces of tephra have fallen, are likely to be primarily due to effects of 
acidification, rather than additional effects such as physical smothering and inhibition of 
photosynthesis (discussed further in Section 5.2.4.2).  
 
In areas which received light tephra falls (<2 mm), typical signs of acid damage were 
plants with dry, yellowish and curling leaves. This damage was unlikely to be due to 
moisture stress alone, as it was observed in lowland areas with a plentiful water supply.  
 
In areas that received tephra falls of at least 3 mm, signs of damage were more severe 
and included plants with yellowed and blackened leaves. As the thickness of deposited 
tephra increased, more extreme cases of acid damage were observed, including plants 
with burnt, shrivelled leaves that had died and were being shed by the plant (Figure 20). 
Fruit would often be burnt in appearance (Figure 20). In Petung, which received 20 mm 
tephra fall, the damage to chilli peppers was so severe that the entire crop was lost in 
this district.  
 
Acidification effects may be exacerbated by tephra fall occurring during the dry season. 
In the rainy season any deposited tephra is likely to be quickly washed off plants, but in 
the dry season, the small amount of condensation that gathers in the mornings on the 
plants may provide enough moisture to leach acidity from the tephra onto the plants, but 
not enough to wash the ash off.  
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Table 3 Summary of observed impacts of ashfall on crops 
Crop Vulnerability 


rank 
Vulnerable parts of 


plant 
Vulnerable stages of 


development 
Ash thickness versus damage 


(selected examples) 
Attempted mitigation 


methods and their success 
Rice Low  


 
Seed-head 
(development of 
grains inhibited) 


During final stages of seed-
head development (mature 
rice) 
 
 


1. Traces of ash (<1 mm) appear to cause no damage 
and are regarded by many farmers as beneficial 


2. Damage to seed-head with 5 mm ash (waypoint 38) 
3. Waypoint 117 with 15 mm ash: 
- mature rice = 50% loss (Rp1.5 million damage) 
- juvenile rice = 25 % loss 
- baby rice = no expected loss 


Washing of juvenile rice in 
paddy with irrigation water.   
Natural cleaning by 
condensation in morning is 
highly effective. 


Tobacco High Broad, hairy leaves 
trap ash and will die 
eventually if not 
cleaned 
Flowers are very 
sensitive 


Tobacco is vulnerable 
throughout its life cycle due to 
the tendency of its leaves to 
trap ash, and is particularly 
vulnerable during flowering. 
Smothering of mature plants 
occurs at 20 mm ashfall.  
 


1. Damage to leaves begins at 1-2 mm ash 
2. The crop was written off with repeated 2-3 mm 


ashfalls over 4 weeks (waypoint 17) 
3. At waypoint 49, the leaves on a mature plant were 


falling off with 20 mm ash 


Shaking the crop is only partially 
successful but is commonly 
used. 
Cleaning leaves by hand causes 
abrasion to leaves and has 
limited success. 
Damaged broad leaves at base 
are often pulled off. 


Tomatoes High Leaves, flowers and 
fruit are all very 
vulnerable. 


Nearly all stages are 
vulnerable, but mature plants 
are particularly vulnerable. 
 


1. Damage to leaves begin at 1-2 mm ash 
2. With repeated 5-10 mm ashfalls over a month, the 


crop was written off and the fruit rotted on the vine 
(waypoint 47) 


Shaking is only partially 
successful. 
Hand cleaning causes abrasion 
to leaves and has limited 
success. 


Carrots Low  
 


None encountered as 
leaves tend to shed 
ash 


None encountered 1. Mature carrots were unaffected with 10mm ashfall 
(waypoint 48) 


Inter-row planting between taller 
plants was effective, though 
probably not intentional. 


Onions Some  
 


Tips of leaves are 
vulnerable; the length 
of the dead leaf tip 
was longer in ashfall-
affected areas and 
leaves were drier. 


Juvenile onions are 
vulnerable but are expected 
to recover well. 


1. Damage to leaf tips wtih 2-3 mm ash (waypoint 17). 
2. Damage to leaf tips with 15-20 mm ash (waypoint 


80). 


Some isolated cases of shaking, 
which has limited success. 


Cabbage Moderate  
 


Outer leaves 
discolour and rot. 
In extreme cases, 
inner leaves would 
also rot. 


Mature plants most 
vulnerable 


1. Young cabbages were unaffected by 10 mm ash 
(waypoint 48) 


2. 90% loss of a cabbage plot with 20mm (waypoint 
80) 


Washed in small irrigation 
channels immediately after 
harvest to remove ash; this was 
highly successful. 


Chilli peppers High Flowers are highly 
vulnerable, and all 
leaves are vulnerable 
to acid damage, 
particularly when 
young.  
The fruit also is 
vulnerable.  


Both mature (3-4 month old) 
and juvenile plants are 
vulnerable, but there is 
greater economic loss when 
plants are mature as fruit are 
lost.  
The flowering stage is highly 
vulnerable.  


1. Some leaf and fruit damage with 0.5 mm ash 
(waypoint 6) 


2. All flowers damaged and some leafs damaged with 
2-3 mm (waypoint 17) 


3. 60% of crop near maturity lost with 2.5 mm ash 
(waypoint 96) 


3. 95% loss of crop at all stages of development at 
chilli pepper farm with 15-20 mm ashfall (waypoint 
73), with severe damage to fruit and leaves.  


4. 100% loss of crop with 20 mm ash (wp 80).  


Shaking was attempted, but with 
limited success.  
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Table 3 continued 
 


Crop Vulnerability 
rank 


Vulnerable parts of 
plant 


Vulnerable stages of 
development 


Ash thickness versus damage 
(selected examples) 


Attempted mitigation 
methods and their success 


Peanuts Some  Leaves are efficient at 
shedding tephra 


None encountered - Shaking 


Oranges Moderate  
 


Skin (if not cleaned, skin 
would grow around ash 
which would form 
nodules ~1mm in size. 
Leaves showed some 
limited damage. 


- 1. Some leaf and fruit damage with 15-20mm ash 
(waypoint 73) 


 


None encountered – 
uneconomic to clean each 
piece of fruit 


Cauliflower Moderate  
 


Seed-head and leaves 
vulnerable to acid 
damage. 


Mature plants most 
vulnerable with an open 
seed-head 


1. Seed-head and leaves damaged (plants written off) 
with 15-20mm (waypoint 73) 


None encountered 


Cucumbers Insufficient 
Observations 


- - - None encountered 


Corn/maize High Leaves are vulnerable. 
The cob is usually well 
protected from tephra 
infiltration. 


Juvenile corn is most 
vulnerable.   
Mature corn would die 
earlier than expected, but 
cobs would ripen (some 
seed-heads wouldn’t fill) 
and could often be 
harvested. 


1. Corn crop written off 4 weeks from harvest with 5-
7mm ash (waypoint 19) 


2. 60% harvest of a mature crop with 20 mm ash 
(waypoint 80) 


3. Mature crop (2.5 m high) abandoned despite cobs 
appearing unaffected, with 25 mm ash (waypoint 
48) 


None encountered 


Potatoes/Taro Some  
 


Leaves are vulnerable 
but root crop is usually 
unaffected. 


Young plants vulnerable. 1. Leaves damaged by tephra fall, 100% loss 
expected with 4-5 mm ash (waypoint 17) 


None encountered 


Bananas Insufficient 
Observations 
 


Leaves are very 
effective collectors of 
ash; the fruit appeared 
to be unaffected. 


- - None encountered 


Lemons Moderate  
 


Leaves vulnerable. 
Fruit could be expected 
to suffer from same 
problems as oranges. 


- 1. Acid damage to leaves with 2-3 mm ash (waypoint 
17) 


None encountered 


Other trees Low  
 


Leaves on trees within 
or at margins of block 
and ash flows were 
scorched, but many 
showed signs of 
recovery after 10 days. 
Acid and abrasion 
damage to leaves and 
flowers. 


Young and small trees 
most vulnerable to block 
and ash flows. 


1. Trees with trunks greater than 25 cm survived block 
and ash flow in Woro river 


2. Acid damage to leaves with > 1 mm ash 
(widespread isolated cases) 


3. Flowers damaged by acid and abrasion – 15-
20mm: possible tephra surge (waypoint 80) 


None encountered 


Watermelons Insufficient 
Observations 
 


Not grown in any tephra fall areas 
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5.2.4.2 Smothering of plants  


In addition to causing acid damage to plants, tephra falls can also physically smother plants 
and inhibit photosynthesis. This effect is unlikely to be important in areas of light tephra fall, 
but will become more pronounced as the thickness of deposited tephra increases. Our 
observations suggested that light tephra falls would often be restricted to the upper parts of 
plants, whereas heavier tephra falls would also affect the lower leaves and thus cover the 
entire plant. A tobacco crop smothered by approximately 35 mm tephra fall is shown in 
Figure 22. Plants that had been covered by tephra for several weeks showed signs of both 
acid damage and photosynthetic inhibition (Figure 21). Longer exposure periods are thought 
to result in stunting of plant growth.  
 
Some plants were able to adapt to tephra smothering by sprouting new leaves. For example, 
clean new sprouts were observed on lemon trees that had been covered (approximately 60-
80% of plant) by ash for over four weeks.  
 
With heavier ashfalls (>30 mm), in addition to the effects on photosynthesis noted above, 
leaves become weighed down and eventually stems will break. Smothering was a particular 
problem for plants with large, broad and hairy leaves that trap ash readily, such as tobacco 
(Figure 22). Damage observed included stunted growth and withering of the leaves. Crops 
growing near roads would often suffer the greatest impacts because of ash remobilised by 
vehicles.  
 
An additional problem with ashfall contamination of tobacco was that harvested leaves were 
rejected by processing plants because of the strong associated sulphurous smell, and 
concerns about the presence of cristobalite in the ash, which has the potential to cause 
silicosis.  
 
5.2.4.3 Ashfall damage to fruit and vegetable skins 


In areas that had received tephra falls for a number of weeks, such as Petung, Magelang and 
Selo, fruit and vegetable skins that had not been cleaned were beginning show signs of 
damage. Unwashed skin appeared to have incorporated the tephra by growing around it and 
creating small (approximately 1 mm diameter) nodules within the skin (Figure 23). These 
nodules could not be washed off and were difficult to pick out. Although the fruit within was 
undamaged and edible, traders rejected this fruit because it was ‘ashy’.  
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Figure 20 Left photo: presumed acid aerosol damage to chilli-pepper plants in Petung. Right photo: presumed 


acid damage to tomato plants in Magelang 
 


 
Figure 21 Wilted tobacco leaf in Selo. This plant had been cleaned after being covered by tephra for 3 weeks 
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Figure 22 Tobacco crop smothered by ~35mm of tephra fall in Magelang 
 
 
 
 


 
Figure 23 Tephra inclusion on the skin of an orange from Petung 
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5.2.5 Attempts to mitigate ashfall impacts on crops 


The team observed several different approaches being used to attempt to mitigate the 
impacts of ashfall on crops. The most effective method was washing crops in water 
immediately after harvest. This worked very well for cabbages when washed in irrigation 
channels immediately after harvest. However, in general, it is very difficult to clean ash from 
leaves, and it becomes more difficult as more time elapses from deposition of the ash. 
Rinsing with water is the best way to remove ash, but frequently is not possible because of 
water shortages. Shaking crops to remove ash was a common practice, but is time-
consuming and does not completely remove ash. One farmer interviewed by the team 
estimated that it took him two hours to shake a corn crop of 10 m by 20 m in area. Our 
observation of this crop, six hours later, indicated that most leaves still had a residual coating 
of ash. Wiping the ash from the surface of leaves does not remove all ash, and also causes 
abrasional damage.  
 
Some farmers attempted to remove ash from vulnerable crops such as chilli peppers, but in 
general, mitigation methods appear to be uneconomic for most crops.  
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5.3 Observed impacts of volcanic activity on livestock 


Most animals were housed within feedlots, which despite being quite rudimentary structures 
appeared to offer good protection from ashfall (Figure 24). Perhaps as a result, incidences of 
health problems commonly associated with volcanic eruptions (such as respiratory tract and 
eye irritation) were generally low. 
 
The main observed impact on livestock was weight loss from eating ash-covered fodder. 
Animals are fed primarily from manually-cut fodder obtained from the abundant growth on 
and around farmlands. Thus, grazing animals usually do not feed directly on ash-covered 
pasture. However, following ashfalls, farmers found it difficult to get access to clean water or 
clean fodder. During the cutting and transport of the fodder, much of the ash was shaken off. 
However, fine ash was retained on the fodder, and was subsequently ingested by livestock 
(Figure 24).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24 Livestock feeding on ash-covered fodder in Petung  
 
The weight loss of cows on the southern flank of Merapi, particularly at Kaliadem and 
Petung, resulted in many animals dropping in value from a pre-eruption value of Rp 7-8 
million (NZ$ 1,200-1,400) to Rp 2-6 million (NZ$350-1,100) per animal as many farmers were 
forced to sell off stock before they died. There was no information available about whether 
the cows recovered following relocation and an ash-free diet. 
 
Farmers in the village of Kaliadem, many of whom earn their living raising cattle, were unable 
to gather fodder following the ash falls associated with 14 June block and ash flows. This 
area had also lost water supplies following the 14 June flows, and the Umbul Lanang spring 
dried up creating significant water shortages in the area. This created major problems in 
obtaining water for farm animals, as relief water supplies were only for human consumption.  
As a result this was one of the worst-affected regions the team visited, and has been used 
here as a case study.   
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The Jakarta Post reported that on 20 June, there were 450 dairy cows in the Kaliadem area, 
each producing an average of 15 litres of milk per day, to be sold at Rp 1,500 per litre. No 
dairy cows were observed during our visit to the village as they were located several hundred 
metres further up the flank and safety reasons prohibited movement into this area. However, 
a number of villagers reported that milk production had significantly dropped, probably 
because of complications related to both the water shortages and the contamination of 
fodder with ash. Many of the farmers decided to sell the cows for what they could, rather than 
risk the cattle dying. The cows were sold for between Rp 5.5 million and Rp 6 million (NZ$ 
1000-1100). They normally sell for between Rp 7 and 8 million (Jakarta Post, 20/06/06).  Due 
to the limited extent of the damage however, traders specifically travelled to Kaliadem to buy 
cattle at marked down prices. Most farmers were simply glad to be able to sell their cattle and 
there were no feelings of exploitation.   
 
There were some reports of animals being put off their food due to tephra contamination, as 
was reported after the 1995/96 Ruapehu eruptions (Neild et al., 1998). This may account for 
the weight loss, but it is also possible the tephra in the gut caused metabolic problems.  
There is also the possibility of chemical poisoning of the animals by aerosols attached to the 
tephra, but without autopsies of affected animals, the exact nature of the weight loss remains 
speculative. 
 
5.4 Potential impacts of volcanic activity on soil fertility 


Tephra deposition usually results in long-term benefits to soil fertility (Blong, 1984; Lansing et 
al., 2001), such as increased sulphur, selenium, and halogen availability (Cronin et al., 1998; 
2003). However it was unclear what impact the deposition of ash from the 2006 eruption 
would have on soils on farmland situated on and surrounding the volcanic edifice. Many of 
the farmers spoken to by the team acknowledged the likely long term benefits. However, the 
nature of these benefits and the time scales of the processes involved were not well 
established and were under discussion among local soil scientists.  Among those we spoke 
to, there was a common belief, based on previous experience at Merapi, that improved soil 
fertility would take approximately three to four years to manifest itself (Figure 25; D. 
Indradewa, pers. comm.). However, soil fertility may be negatively affected in the short term, 
because the mineral components of the ash may not be available for plant uptake (Cronin et 
al., 2003). Experts we consulted suggested that manure fertilisation may be required to 
maintain soil fertility. It is not known whether ash leachate analysis was conducted following 
the eruption to predict what impact the deposited ash would have on soils. 
 
Tephra and soil samples were brought back to New Zealand for laboratory testing to 
determine their chemical composition. Results, and a discussion of implications for soil 
fertility, will be presented in a subsequent report.  
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Figure 25 Sketch of estimated soil fertility response by Indonesian soil scientists (D. Indradewa, pers. comm.) 
 
 
5.5 Production losses 


At 13 of the farms visited, farmers were asked to describe the damage to their crops, and 
estimate their production losses (Table 4). These farms were located in agricultural areas, 
such as Kaliurang, Klaten, and Magelang which had experienced between ~2 and 25mm of 
tephra fall. There was no systematic selection of farms; rather farmers working in their fields 
were approached in areas that had suffered tephra damage to production crops. Losses 
appear to be due primarily to the reduced quality of crops fetching lower prices, and there 
were no reports of commodity prices for crops increasing due to shortages (D. Indradewa, 
pers. comm.).   
 
In many cases, the farmers were expecting severe losses to their crops (i.e. 80-100% loss).  
This represents significant economic disruption and potential hardship for the farmers and 
their dependents. The small farms (numbers 4,7 and 9) appear to be particularly vulnerable, 
which may compound the difficulties they already experience in producing sufficient crops to 
survive from small plots of land. These losses may be partially mitigated by the opportunity 
for further crops later in the year, compared to the usual single crop per year in New Zealand. 
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Table 4 Estimated production losses for individual farms1  


 
Farmer estimates of damage Farm 


number 


Farm 


size  


(ha) 


GPS waypoint Tephra 


thickness (mm) Crops(s) % loss Monetary loss (Rp) 


Tobacco 80 


Chilli-peppers 90 


Onions 20 


1 1.5 17 2-3 


Cabbages 30 


2,500,000 


(combined total) 


2 1.0 20 5 Rice (mature) 50 1,500,000 


3 1.0 47 20 Rice and Onions 60 550,000 


Tobacco 100 


Tomatoes  100 


4 0.5 47 20 


Rice 80 


 


700,000 


(combined total) 


5 0.5 49 25 Tobacco 70 3,000,000 


Tobacco  75 2,000,000 6 2.0 49 25 


Peanuts 30 400,000 


7 0.8 73 15-20 Chilli-peppers 95 1,500,000 


Corn 90 


Chilli-peppers 90 


8 3.0 80 20-25 


Potatoes 20 


2,300,000 


(combined total) 


Tobacco  90 9 0.4 80 20-25 


Chilli-peppers 100 


1,500,000 


10 0.5 80 20-25 Corn 40 unknown 


Cabbage 80 11 3.0 80 20-25 


Oranges – skin 


damage 


90 


unknown 


Chilli-peppers 50 3,000,000 12 2.05 96 2-3 


Tomatoes 50 3,000,000 


Rice (mature – 3 


months) 


50 1,500,000 


Rice (juvenile – 2 


months) 


25 500,000 


13  117 15 


Rice (young – 2 


weeks) 


0 0 


1 The approximate annual farm income for the region was in the range of Rp 5-50 million (D. Indradewa pers comm., 2006)  


 
 
 
5.6 Resilience of agricultural systems 


Many farms, particularly those high on the southern and western flanks of Merapi, are 
expected to lose up to 100% of damaged crops during the current rotation. However, 
because of the warm climate, fertile soils and good access to water (on the lowlands and 
during the wet season), the farms are anticipated to recover rapidly following cessation of 
tephra falls, with many farmers predicting 2-3 harvests within the next 12 months. Thus, the 
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year-round growing season contributes substantially to resilience within this agricultural 
system, particularly for lowland farms. Lowland farmers are therefore able to choose 
preferred crops, such as rice, that will maximise returns.  
 
Upland farms are somewhat more vulnerable during the dry season, but farmers are still able 
to replant immediately if required. Our observations suggested that upland farmers add 
greater diversity to their selection of cash crops, to build more resilience into their farming 
systems, due to the unreliable water supply in upland regions.  But the increased resilience 
also helps reduce the impact of volcanic activity. The attitude that ‘if one crop fails then 
others will survive’ was frequently encountered by the team, with respect to crop selection 
practices. Our observations supported the effectiveness of this approach, with some farms 
affected by heavy ashfalls showing severe damage to some crops and virtually no damage to 
others. For instance, chilli pepper plants would be severely affected while other crops planted 
between them, such as carrots, would be almost unaffected.  
 
The naturally-high resilience of agricultural systems in the Merapi area is to some extent 
offset by the inability of most farmers to absorb financial losses. Farming in the area is only 
slightly above a subsistence level and many farmers spoken to by the team considered 
themselves unable to absorb the loss of even one crop rotation. This level of hardship was 
probably a motivating cause of farmers returning to the exclusion zone after being evacuated 
(discussed further in Chapter 7). Many farmers reported that they had few other options, and 
felt that they must ‘ride out’ the eruption (particularly those in the upland regions) and wait for 
the rains to wash crops and help integrate the tephra into the soil. Some farmers stated that if 
they were required to relocate, they would need government assistance to do so. However 
there was a low level of belief in the likelihood of government assistance following heavy 
expenditure in response to the magnitude 5.9 earthquake that occurred on 27 May 2006 in 
Yogyakarta province, causing over 4900 deaths.  
 
In New Zealand, the innate resilience of agricultural systems to volcanic ashfall is likely to be 
lower due to the temperate climate and confined growing season in most places. Typically 
only one or two crop rotations are possible during the growing season, and crops may be 
particularly vulnerable during spring with high photosynthesis and rainfall requirements 
potentially being disrupted by smothering ash fall and ash leachate impacting soil and water 
chemistry. 
 
5.7 Summary 


The agricultural sector was very vulnerable to the impacts of the 2006 Merapi eruption, 
although this vulnerability was not uniform across the sector and indeed in some instances a 
high degree of resilience was observed on many farms (especially those growing rice).  
Access to a reliable water supply appeared to be a key factor in overall farm resilience, 
although a diverse selection of crops grown on each farm also increased resilience. 
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6. INFRASTRUCTURE IMPACTS  


6.1 Overview of infrastructure in the Merapi region 


Java, with a population of 124 million, is the world’s most densely-populated island, and the 
Merapi region is no exception. The southern flanks of Merapi volcano have an approximate 
density of 1400 people/km2 (Thouret et al., 2000).  
 
The general quality of life in Java is relatively high for a developing country, largely due to the 
influence of income from tourism. The GDP (per capita) was reported to be US $3,800 (CIA 
Factbook, 2006). Homes are permanent and solidly-constructed although masonry is 
generally unreinforced and therefore highly vulnerable to damage in earthquakes (J. 
Cousins, pers. comm.). Houses are typically constructed from cemented lava blocks with roof 
construction from bamboo and clay tiles (Figure 26). Almost without exception, homes have 
electricity, running water, and underground sewage disposal systems (either via sewer lines 
or pit toilets).  
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Figure 26 Interior of typical house in Merapi region showing lava block masonry and bamboo and clay tile roof 
 
Rural roads are mostly paved asphalt and are typically one to one-and-a-half lanes, or three 
metres, wide (Figure 18). Most people appear to own or have access to a vehicle, ranging 
from late model imported cars and 4WD vehicles, to small motorcycles such as mopeds or 
scooters. The city of Yogyakarta (population approximately 0.5 million) does not have a multi-
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lane highway system, but has a network of paved roads which are frequently heavily 
congested.  
 
Water is drawn either from wells or established drainage systems, large and small, on the 
flanks of the volcano. In some locations higher up on Merapi, wells draw water from 
underground aquifers into enclosed pumphouses, from which the water is distributed downhill 
through a system of pipes and irrigation canals to houses and farms.  
 
Indonesians make extensive use of cellular telephones, with over 10% of the national 
population, or approximately 25 million people, owning at least one (AOEMA, 2003). Cellular 
towers (Figure 27) dot the landscape, both high and low on the volcano.  
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Figure 27 Cellular repeater antenna near Kaliadem 
 
Two major international airports service the Yogyakarta region of central Java: Yogyakarta 
airport, and Surakarta (Solo) airport. Several tens of flights per day pass through each of 
these.  
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6.2 Impacts on infrastructure 


6.2.1 Roofs 


Impacts of tephra on roofs were minimal to non-existent despite tephra depths of several 
centimetres being recorded in some places. The team did not observe any tephra damage to 
roofs, or any mitigative or cleanup actions being practised, although some people described 
doing hand-powered ash removal (e.g. sweeping) from their roofs.  
 
In the village of Petung, at approximately 1100 m elevation on Merapi’s south flank, a 
damaged clay tile roof was observed (Figure 28). However, it was unclear whether the 
damage to the roof was the result of the 2-3 cm accumulation of tephra on it, or whether it 
had been damaged by the magnitude 5.8 earthquake of 27 May 2006. The hole in the roof is 
unlikely to have been caused by a block falling, as the bamboo supports underneath appear 
to be intact.  
 
According to Johnston (1997) and Spence et al. (2005), dry tephra loading in the range 
experienced during the 2006 eruption of Merapi is not expected to cause damage to roofs 
because it causes loadings of <1 kPa. This is consistent with our observations. However, if 
the tephra had been wet rather than dry, increased damage to roofs would have been 
expected. The only confirmed damage to roofs attributable to the eruption was in Bebeng, 
where airborne blocks from the 3 p.m. 14 June block and ash flow demolished roofs (Figure 
14). 


 
 


 


 


 


 


 


 


 
 
 


Figure 28 Damaged roof in Petung 
 


6.2.2 Building structures 


The only major damage to buildings sustained during the 2006 eruption of Merapi was 
caused by the large block and ash flow that occurred at 3 p.m. on 14 June. Buildings in the 
path of the flow were completely destroyed. Houses were buried up to roof level, roofs and 
windows were smashed and debris entered the interiors (Figures 15 and 16).  
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6.2.3 Transportation 


Despite widespread deposition of tephra on roads, no disruptions to transportation were 
reported other than the road that was destroyed by the 14 June block and ash flow below 
Kaliadem (Figures 18 and 29). Several metres depth of debris were deposited on this road, 
and heavy equipment will be required to re-open it.  
 
None of the vehicle-owning villagers we spoke with reported problems caused by tephra to 
their vehicles, such as to air intakes. The field driver for our team reported that there was no 
need for additional maintenance to the vehicle despite five days in the field in conditions of 
tephra resuspension on roads. Tephra was washed from the vehicle and engine with 
household water at the end of every field day, which is reportedly common practice among 
vehicle owners in Indonesia.  
 
6.2.4 Water and wastewater 


The damage to water installations and spring wells in Bebeng village caused by the 14 June 
block and ash flows resulted in thousands of people losing their water supply. Newspapers 
reported that 12,000 people were without water (e.g. Malaysia Sun, 14 June 2006). This 
greatly increased the demand on emergency water tankers, with the Sleman district local 
government distributing 14,000 litres of clean water daily. The International Federation of 
Red Cross and Red Crescent Societies (IFRC) also provided water relief to villages (Figure 
30). From 19 to 25 June alone, the Red Cross distributed a total of 1,017,000 litres of water 
(IFRC staff, pers. comm.). Apart from these incidences, no other major damage or disruption 
to water and wastewater services was reported. Some villagers spoken to by the team 
reported that they obtained water from relief organisations, or had to switch their supply from 
surface water to well water, because of tephra contamination.  
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Figure 29 View into Kaliadem on 5 July 2006, showing the mantle of debris from the 14 June block and ash 
flow  
 
 
 
 
 
 
 
 
 
 
 
 


 


 


 


 


 


 


 


 


 
 
Figure 30 Water distribution facility at Red Cross evacuation camp at Merapi Golf, 5 July 2006 
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Figure 31 Snapped electricity pole in Kaliadem 
 
6.2.5 Electricity 


The only report of disrupted electricity service during the 2006 eruption came from the village 
of Kaliadem, where power poles and lines were snapped by the block and ash flows of 14 
June (Figure 31). The destroyed buildings suffered permanent electricity loss, but the areas 
adjacent to the flows, which lost power initially, regained it within several hours. 
 


6.2.6 Telecommunications 


As with electricity, Kaliadem was the only site of loss of telecommunications during the 2006 
eruption. Immediately after the larger block and ash flow on 14 June, cellular telephone 
service in the village suffered in quality. Whether this resulted from over-usage, physical 
destruction of communications infrastructure, or the presence of ash in the air obscuring 
signals is not clear.  
 
6.2.7 Air travel 


The two major airports in the region were relatively unaffected by the 2006 eruption. 
However, some flights to and from Surakarta (Solo), Semarang, and Yogyakarta were 
diverted occasionally due to ash from Merapi (WHO, 2006). Other than these diversions, 
there were no reports of ground damage to aircraft or aeronautical facilities and operations. 
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7. SOCIAL IMPACTS AND EVACUATION 


7.1 Population growth on the flanks of Merapi 


As noted in Section 6.1, the population density in the vicinity of Merapi volcano is extremely 
high, with an estimated 1.1 million people living on its slopes in 2000 (Thouret et al., 2000), in 
approximately 300 villages above 200 metres in elevation. Of these, some 440,000 people 
live in high-risk areas subject to pyroclastic flows, surges and lahars (Thouret et al., 2000).  
Population density on the Merapi edifice is >1400 people/km2 on the western and southern 
flanks of the volcano and the growth rate of the population was calculated as up to 3% 
annually in the mid-1990s (Thouret et al., 2000). This rate of growth is not limited to the 
Merapi region but is a general feature of Java, where it is reported that the population 
increased tenfold during the 20th century (Voight et al., 2000). This rapidly increasing 
population has put significant stress on the natural resources of Java, leading to marginal 
and hazardous regions such as the flanks of Merapi, being inhabited.  
 
Increasing population growth on the slopes of Merapi has led to a substantial increase in risk 
to human life over the past century (S. Bronto, pers. comm.., Thouret et al., 2000; Voight et 
al., 2000). The impacts of eruptions throughout the twentieth century have become 
increasingly devastating, despite their generally low explosivity. Lack of land-use planning is 
also likely to be a factor contributing to the increased vulnerability of the population.  
 
A 1978 hazard zone map of Merapi (Pardyanto et al., 1978) defines three areas termed 
‘forbidden zone’, ‘first danger zone’ and ‘second danger zone’, based on declining levels of 
hazard. These classifications are now regarded as outdated (Thouret et al., 2000), but the 
zones are still used in publications and by emergency management personnel and on 
signage. Thouret et al. (2000) estimate that the number of people living or working in the 
forbidden zone increased approximately twofold from 40,000 to 80,000 people between 1976 
and 1995, and is probably significantly greater now.  
 
In summary, all available information, including our observations, point to a steadily 
increasing volcanic risk around Merapi, driven by population growth and lack of land-use 
planning.  
 
7.2 Overview of the 2006 evacuation  


A key part of the social disruption caused by the 2006 eruption of Merapi was the evacuation 
of at-risk communities, mainly on the western and southern flanks of the volcano. Based on 
local and foreign media reports, non-governmental organisation (NGO) reports (e.g. UN and 
Red Cross), and discussions with Indonesian colleagues, the evacuation can be divided into 
five phases: 1) the initial evacuation; 2) the first return in mid-May; 3) the 27 May earthquake; 
4) alert-level raising and lowering surrounding the 14th June block and ash flow; and 5) the 
final return.  
 
The evacuation of vulnerable communities from the flanks of Merapi was for the most part an 
efficient and effective mitigation measure. However, aspects of the evacuation provide 
valuable lessons for future eruptions of Merapi and elsewhere. 
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7.2.1 Phase 1: the initial evacuation 


In early April 2006, the Indonesian government began logistical preparations for a volcanic 
crisis as volcano-seismic activity at Merapi began to increase. The evacuation of the most at-
risk communities began on 3 May, in advance of the alert level system reaching its highest 
level on 13 May. On 3 May, several hundred pregnant women and elderly people were 
evacuated at 10 a.m., and in the second phase, children were evacuated at 4 p.m.  
 
By 13 May, medical teams had been placed in strategic locations, and evacuation routes had 
been established (WHO Emergency Situation Report, 13/05/06). The Merapi Volcano 
Observatory (known locally as BPPTK) encouraged evacuation of communities on the 
western sector of the volcano within 8 km of the summit; on the southwest-west sector within 
10 km, and on the south-southeast sector within 8 km of the summit (S. Bronto, pers comm.).   
 
Large-scale evacuation took place following the announcement, and the Indonesian Red 
Cross reported that by 13 May, 6942 people had been evacuated. By 19 May, the Indonesian 
Red Cross (www.redcross.org.sg) reported that a total of 20,080 people were housed in 
emergency shelters as follows: 907 in Boyolali District, 8866 in Magelang, 6163 in Sleman, 
and 4144 in Klaten.   
 
Evacuations were followed up with searches by volunteers, soldiers, and police to locate 
those forgotten or refusing to evacuate. These efforts were scaled down once people began 
to return to the exclusion zone. 
 
There was a high degree of self-evacuation. In Sleman district, 4,000 of the 9,500 residents 
self-evacuated before emergency workers arrived (WHO Emergency Situation Report, 
13/05/06).  Emergency workers noted that many men chose to stay behind to watch over 
their farms and homes, whilst other evacuees remained with extended families at locations 
outside the evacuation zone (often causing overcrowding in the small houses) or in 
evacuation camps.  We observed three evacuation camps during the day that contained only 
women and children, all the men reported to have been in the exclusion zone tending to their 
farms.  Authorities seemed to allow farmers to return to their farms during the day, although it 
was unclear whether this was a formal policy.  Evacuees often travelled between camps and 
villages without prior notice, which made determining actual needs and planning response 
efforts more difficult (WHO Emergency Situation Report, 13/05/06). 
 
7.2.2 Phase 2: first return in mid-May 


Within days of the first evacuations, volcanic activity at Merapi continued intermittently but 
the expected large eruption did not occur. This uncertainty created difficulties for the 
authorities as the lack of an explosive eruption or a dome collapse led evacuees to believe 
that the evacuation may have been unnecessary or an over-reaction to the situation.  
However, according to the authorities, there was still significant potential for a larger eruption 
to occur as SO2 emissions continued to increase, and dome growth continued at several 
hundred thousand m3 per day.  As a result this return of people occurred with no lowering of 
the alert level and despite daily warnings from the BPPTK of the continuing danger (Dr. 
Sutikno Bronto pers. comm.).    
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A major concern for evacuees was the looting of temporarily-abandoned homes and farms. 
Financial pressures, such as un-tendered crops and livestock, were also a factor in 
motivating evacuees to return to their farms. On 18 May, up to 1800 people are believed to 
have returned to their home villages from evacuation camps (WHO Emergency Situation 
Report, 22/05/06). This trend continued as eruptive activity decreased further on 20 May, 
with many more farmers returning to their farms to tend damaged crops and feed livestock.  It 
was unclear from emergency management reports and from local interviews whether people 
decided to return on an individual basis or whether there was some peer pressure influence.  
A characteristic feature of this phase of the evacuation was that evacuees would travel to 
their farms during the day and return to the evacuation camps at night (as discussed above).  
 
7.2.3 Phase 3: 27 May earthquake and increased eruptive activity 


On the 27th of May a M 5.9 earthquake, with an epicentre ~30 km to the south-southwest of 
Merapi, struck the region killing over 5,800 people, injuring over 20,000, and destroying 
150,000 homes in the Yogyakarta and Central Java provinces.  This earthquake resulted in a 
large international response, coordinated by the United Nations.  Many of the emergency 
supplies pre-positioned for a large eruption from Merapi were diverted to the earthquake 
response.  The earthquake resulted in the closure of Yogyakarta airport, which hampered 
relief operations, downed telephone lines, caused power blackouts, disrupted transportation 
networks, and resulted in significant confusion and panic.  Logistical problems impeded the 
flow of aid, which caused some concern, particularly for emergency workers and 
volcanologists who were greatly concerned the earthquake may cause an increase in 
eruptive activity from Merapi volcano. 
 
The earthquake rapidly escalated the scale of emergency in Yogyakarta province from a 
largely internal Indonesian affair to a large scale multi-national disaster response. The 
volcanic eruption crisis and evacuation was eclipsed and overwhelmed by the earthquake 
response. 
 
Eruptive activity steadily increased during the weeks following the earthquake, leading to 
BPPTK releasing new evacuation recommendations for communities in hazardous areas.  
However, no large explosive eruption occurred as was feared by some emergency 
personnel.  Following the earthquake, good hazard awareness was shown by villagers on the 
flanks of Merapi as waves of villagers returned to evacuation camps in Klaten and Sleman 
(WHO, 2006). Both villagers and scientists feared that the earthquake could have 
destabilised the lava dome, thus increasing the risk of triggering a significant eruption. Many 
villagers interviewed expressed feelings of being ‘geologically spooked’ and indicated that 
their personal hazard perceptions had been significantly raised. This may explain the 
widespread self-evacuations that followed the earthquake.  
 
The earthquake did not cause catastrophic damage to villages on the Merapi edifice, but 
there was moderate damage to many villages. Evacuation camps already struggling with the 
evacuation from Merapi faced shortages of supplies as relief efforts shifted orientation toward 
the badly damaged area south of Yogyakarta. There were some reports of worsening 
sanitation problems and a general shortage of relief supplies in the ten-day period following 
the earthquake (OCHA Report 8, 3/06/06). Commodities reported to be in short supply were: 
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masks for respiratory protection, infant supplies, sanitary supplies and water (OCHA Report 
15, 22/06/06). A key requirement of many farmers was plastic sheeting to cover water tanks. 
According to local media reports, affected communities in Klaten complained about uneven 
aid distribution. 
 
7.2.4 Phase 4: confusion caused by lowering of alert level  


During early to mid-June, villagers had again begun to return home. On 13 June, after 
several days of low eruptive activity, BPPTK lowered the alert level from Level 4 (caution) to 
Level 3 (alert). The BPPTK reported through media releases to local media that its scientists 
believed the cracking of the lava dome on 8 June provided some release of pressure, 
resulting in reduced eruptive activity; although there is some contention about this analysis.  
 
This lowering of the alert level occurred despite the collapse of the Geger Boyo (a section of 
an old lava dome) on the 4th and 5th of June.  The Geger Boyo structure had previously 
restricted larger pyroclastic flows to the west and southwest sectors of the mountain, 
shielding the southeast flank of the volcano (Section 4.4).  By exposing the southern flank, a 
region with no recent history of such hazards suddenly had to come to terms with a greatly 
increased risk to possible pyroclastic flows from dome collapse events.  It appears this was 
not considered enough by the BPPTK to delay lowering the alert level.  
 
Following the lowered alert level, evacuees were trucked home to their villages, with several 
thousand returning on 13 June and more returning on 14 June. Despite the lowering of the 
alert level, villagers were advised to be on alert, and evacuation trucks remained on standby.   
 
On 14 June, there was a sudden increase in eruptive activity when a small block and ash 
flow came down the upper Opak/Gendol river valley around midday following a dome 
collapse. The BPPTK ordered an immediate evacuation of Kaliadem village by asking local 
people to activate the warning siren around 12 p.m., and approximately 15,000 people were 
evacuated (OCHA Report 17, 7 July). A much larger block and ash flow came down the 
valley at around 3 p.m., and buried part of Kaliadem village (Section 4.5). Fortunately most 
people had evacuated, but two volunteers perished within a bunker designed to protect 
villagers against such flows, suggesting that the future construction of such bunkers should 
be reviewed. 
 
Appeals were immediately made for masks, sunglasses, medicine for respiratory illnesses, 
eye drops, and oxygen in the Sleman District. There were some isolated cases of requests 
for clean water, medicine and food following the14 June flows (in Umbulharjo, Kepuharjo and 
Glagarharjo hamlets; OCHA Report 14, 15/06/06).  
 
After the 14 June flows, the evacuation areas were redefined to include areas within a radius 
of 8 km from the crater, and within 300 metres on either side of the Krasak, Bebeng, Bedog, 
Boyong and Gendol rivers (S. Bronto, pers. comm.).  The Indonesian government agency 
controlling the evacuation (SATLAK PB) reported that 531 people were evacuated in 
Magelang, 4,559 people in Sleman and nearly 4,000 people in Klaten. No-one was 
evacuated in Boyolali District but four sub-districts (Selo, Musuk, Cepogo and Ampel, with a 
total population of 57,000) were affected by the ash fall and sulphuric fumes (OCHA Report 
15, 22/06/06).   
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The premature lowering of the alert level on 13 June caused significant confusion and 
mistrust to develop between people living in at-risk locations, and the BPPTK. This lowering 
of the alert level and provision of trucks to transport farmers home implied authorities 
believed it was safe for people to return home, although they were told to remain on alert.  
Several farmers interview from the Kaliadem region said they did not trust the government 
anymore following the 14 June collapse event.  Scientists from the BPPTK were aware of this 
mistrust and the negative effect it may have on future warnings and advice.   
 
7.2.5 Phase 5: final return 


Throughout our field visit to the Merapi region (22 June – 5 July 2006), most evacuation 
camps appeared to be progressively emptying. On 22 June, the evacuation centre in 
Magelang was empty, though roughly 3,760 people remained at sites in Sleman and another 
2,455 people at sites in Klaten (OCHA Report 15, 22/06/06). There were still a large number 
of people travelling back and forth from the camps to their farms on a daily basis. By 10 July, 
the alert level was lowered to Level 1, apart from a 6 km exclusion zone on the southern 
slope. By late July the International Red Cross reported most evacuees had returned home.  
 
7.3 Evacuation camps 


7.3.1 Overview of the camps 


At the evacuation camps (Figure 31), evacuees were provided with three meals a day, 
access to clean water, emergency health services, and shelter (usually in the form of a tent).  
Our inspection of three camps in the Klaten district showed them to be well-managed, clean 
and tidy. There was no sign of reported hygiene problems, as reported by the Red Cross 
(Red Cross website). Camps were well-advertised with large signs above them and on roads 
leading to them. However, evacuees spoken to by our team reported high levels of boredom, 
but also stressed and anxious about the uncertainty for their livelihoods the eruption had 
created.  Many were fearful of the impact the eruption was having on their crops and 
livestock.  With many homes evacuated, there was also a fear of looting occurring in the 
evacuation zone. 
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Figure 32 Talking to evacuees at the Kaliadem evacuation shelter 
 


7.3.2 Movement between evacuation camps and farms 


A key aspect of the evacuation was the movement of many evacuees back to farms in the 
exclusion zone during the day to tend farms and check homes. They would then return at 
night to evacuation camps. An evacuation camp in Klaten close to Merapi Golf Course held 
approximately 50 to 60 people during the day, but occupants said it swelled dramatically at 
night.  One farmer in Petung told of his fears of Merapi erupting again, especially at night; 
however he was extremely concerned about looters so would return daily to look after his 
farm and repair his home, damaged by the 14 June flows. Typically it was males and young 
women who would return to the zone. During our three visits to evacuation camps no males 
above the age of 15 were observed, and the camp population mostly comprised elderly 
women, young mothers and children. 
 
7.4 Exclusion control 


The Indonesian government initially allocated approximately Rp 20 billion ($US 2.3 million) to 
fund the evacuation in May, which subsequently increased following the 27 May earthquake 
(WHO Emergency Situation Report 9, 15/6/06). Roadblocks were set up below the 
evacuated towns and villages to create an exclusion zone. Evacuation routes were well-
marked (Figure 33). Road closures were marked with a standard circular symbol with a red 
band through centre (Figure 34). This signage was consistently used in all areas visited by 
the field team. Bamboo barriers (Figure 34) were also used in places, particularly during the 
initial phase of our field visit.  
 
Initially this zone was closed to all but emergency authorities and journalists. However, over 
the course of our visit, we observed changes in the control of traffic into the exclusion zone. 
In the last week of June, we observed highly organised road closure checkpoints, staffed by 
up to six people equipped with fluorescent vests, masks and radios (Figure 34). This was 
true of most roads leading into the exclusion zone around all sectors of the volcano. By the 
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first week of July there appeared to be much less control over entry into the exclusion zone, 
and we were able to drive in past unattended checkpoints (for instance, past the Kaliadem 
checkpoint shown in Figure 34, which was unattended by the first week of July).  While we do 
not want to speculate on official policy, this apparent reluctance to enforce the exclusion 
zone may have been a strategy to limit the economic losses to farmers. 
 
7.5 The social landscape and factors influencing risk perceptions and 


evacuation behaviour 


7.5.1 Economic pressures 


The tendency for people to stay in evacuation camps overnight and return to their farms was 
mentioned previously in Section 7.3.2. The main reasons for this are believed to be both 
economic and cultural. Economic factors were previously mentioned in the discussion of 
impacts on the eruption on local farms (Section 5). Subsistence farmers were very reluctant 
to leave their farms which are in general their only source of financial security, and our team 
spoke to several farmers who considered themselves unable to absorb any financial losses. 
There also appeared to be a collective belief that the government would be unlikely to 
provide any compensation for crop losses, particularly as the 27 May earthquake also 
imposed high demands on relief funds.  
 
7.5.2 The role of traditional beliefs 


Indonesia is the world’s most populous Muslim-majority nation, with 86% of Indonesians 
declaring themselves Muslim in the 2000 Census. In Java, as in other parts of Indonesia, 
Islam has reportedly blended with other belief systems. In particular, the influence of 
Hinduism and classical India beliefs are defining traits in Indonesian culture, and the Indian 
concept of the god-king shapes Indonesian concepts of leadership. While Indonesian 
Muslims are typically devout, local customs and beliefs are generally favoured over Islamic 
law, so that, for instance, there are greater levels of freedom and social status for women 
compared to countries adhering to Sharia law more closely. Javanese Muslims reportedly 
occupy a broad continuum between abangan (a form of Islam influenced by pre-Islamic 
animistic and Hindu concepts) and santri (a more orthodox form of Islam). 
 
Pre-Islamic Javanese traditions have encouraged Islam in a mystical direction, and 
supernatural beliefs abound for many phenomena, including volcanism. While language 
barriers may have prevented us from fully understanding the range of traditional beliefs about 
Merapi, our conversations with local people suggested the following picture.  
 
Communities living in the Merapi region believe there is a spiritual link between the volcano 
and the Indian Ocean to the south. The increased activity of the volcano following the 27 May 
earthquake, centred around 25 km SSW of Yogyakarta, served to strengthen perceptions of 
this belief for many people. Another important belief is that there is a spiritual kingdom at the 
mountain’s summit and that an eruption is a ‘party’ of the mountain king, or an expression of 
his displeasure at receiving insufficient offerings, or perhaps more generally at the disrespect 
shown by people living on the slopes of the mountain. Another version of this belief was that 
the eruption was a punishment or warning that people had become too worldly and 
materialistic (Taipei Times, 30/05/06).  
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Figure 33 Evacuation route sign just below Kaliadem 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34 Staff manning the roadblock below Kaliadem, 22 June 2006 
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These beliefs were carried through into actions. We heard of ceremonies being held, usually 
organised by community elders or leaders, to ask the mountain king for mercy and to make 
offerings such as burying coins. 
 
A further element of the belief system concerned the existence of omens. On the western 
and southern sides of the mountain in particular, we encountered the belief that the mountain 
would only erupt after certain omens or portents, some of which may appear in dreams. A 
commonly-mentioned omen was the sight of animals, particularly white animals, moving 
downhill.  
 
The belief in omens in particular is an obvious source of conflict between traditional beliefs, 
and messages from emergency management authorities. While in general evacuations 
during the 2006 eruptions of Merapi were regarded as effective and efficient, there were 
instances where conflicts arose when local residents were reluctant to evacuate because 
they had not observed any omens and did not believe official warnings.  
 
An important character in the social landscape of Merapi is Mbah Marijan, the ceremonial 
guardian of the volcano appointed by the Sultan Hamengkubuwono X of Yogyakarta. The 
guardian’s role is to be Merapi’s safe keeper, and Marijan oversees ceremonies and offerings 
to the volcano intended to placate the mountain king. During the 2006 eruptions of Merapi, 
Marijan did not see any signs of an impending eruption and encouraged villagers to remain in 
their homes (Red Cross, 16 May; Dr. S. Bronto, pers comm.).  
 
Marijan is regarded by local people as ‘understanding the volcano’, and is also considered an 
unofficial leader for his local community (the villages of Kinahrejo and Umbulharjo) and more 
generally for the Sleman subdistrict. His influence led many people to decide not to evacuate 
despite recommendations from the authorities to do so. Confusion created by the premature 
lowering of the alert level and decision to allow people to return home prior to the major 
block-and-ash flows of 14 June is likely to have increased the level of distrust in the BPPTK 
and the emergency management authorities in general, and led to people putting more faith 
in the predictions of Mbah Marijan.  
 
These traditional beliefs are well-understood by local academic staff and government 
volcanologists.  However there appeared to be a reluctance to explain how they address 
such issues when a direct conflict occurs, such as that descrived with Mbah Marijan.  A 
pragmatic approach is evident in this quote from President Yudhoyono: 
 


I understand that in Yogyakarta there are still traditional beliefs among people. We 
respect these beliefs, but when it comes to saving people, we have to do our job well. 
(Red Cross, 16 May). 


 
7.5.3 The role of a stratified community in facilitating evacuations 


The stratified social structure and clearly-defined leadership of the communities around 
Merapi was an essential part of the efficiency of the evacuations. Information was able to be 
quickly distributed by the head of the village or village elders. These leaders were also able 
to mobilise the whole village for full evacuation if necessary. This approach ensured that few 
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were left behind, and in general highlighted the benefits of a unified and cohesive community 
during an emergency such as an evacuation.  
 


7.5.4 Individual risk perceptions and preparedness 


Local residents interviewed by the team showed a very high level of awareness of Merapi’s 
volcanic hazards, and also a high level of awareness of what to do during an eruption. Nearly 
all the twelve people we interviewed within 15 kilometres of the volcano had established an 
evacuation plan, either as part of their village evacuation plan or an individual family plan. 
These plans included meeting points for family members if they were separated.  
 
Most Indonesians we met, even those with university-level education, expressed reluctance 
to use paper maps for direction-finding or relating directions to us. However, perhaps in 
compensation, most also had very well-developed mental maps of their surroundings.  This is 
likely to have important implications for local hazard education initiatives.  
 
The overall high levels of hazard awareness and strategies for coping with an eruption are 
not surprising considering that most local residents have lived in the region for their entire 
lives and are likely to have experienced multiple eruptions. However, there can be dangers in 
over-familiarity. For example, many evacuees we spoke to stated that that they ‘knew’ Merapi 
as they had lived in the region for their whole lives. Local newspapers had reports of people 
believing Merapi would ‘spare them’ (Jakarta Post, 10/06/06). We found a commonly-held 
expectation among upland farmers that Merapi would eventually stop erupting as it had done 
in the past. The extrapolation from experiences in the recent past may contribute to the 
perception that the volcano is likely to produce small, low-explosivity eruptions in the future, a 
perception that is regarded by some scientists as being dangerously inaccurate (see Section 
3.3).  
 
7.5.5 Risk communication 


Risk communication appeared to have been consistent for the most part, with the media 
usually presenting accurate information from the BPPTK. The Indonesian president delivered 
the same message to evacuation camps, asking people to stay calm and remain in the 
evacuation camps until the eruption was over. Nearly all people we spoke to had a good 
awareness of current hazard information, although it appears economic concerns caused 
many people to accept a greater degree of risk by returning to the evacuation zone.   
 
A range of risk communication initiatives had been undertaken on the western and southern 
flanks as recently as 2005. Many villages also had hazard maps and evacuation details on 
posted boards at key points in the village.  
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8. OTHER HAZARDS AT MERAPI 


8.1 Lahars 


The Indonesian word lahar means ‘volcanic mudflow’. Lahars have occurred frequently at 
Merapi in the past. Lahars can occur as an immediate consequence of explosive eruptions, 
or for some time afterwards. This is because unconsolidated volcaniclastic debris deposited 
on the upper slopes of the volcano can be mobilised by heavy rainfall (for instance, when the 
monsoon season begins in September), sending lahars down the drainage system. Lahars 
can cause damage much further afield than areas affected by pyroclastic flows, and can 
threaten villages that may consider themselves safely removed from the hazard zone for 
Merapi.  
 
Lahars are a considerable problem from a management point of view because they can 
occur when the mountain is not erupting. Despite the small size of the 2006 eruptions of 
Merapi, a significant lahar hazard now exists as a result of the eruptive products deposited 
on the western and southern slopes. Lavigne et al. (2000) noted that the lahar-prone 
drainage systems on the south flank of Merapi support a high population density and vital 
resources for the region.  
 
Several mitigation measures have been put in place to lessen the impact of lahars at Merapi. 
These include Sabo dams, which cull large clasts from lahar flows (Figure 35), and check 
dams, or lateral stop-banks, which confine lahar flows within channels (Figure 36). 
Unfortunately these dams are all located on the west and southwest flanks of Merapi. The 
south side, which is now vulnerable to pyroclastic flows and lahars following the collapse of 
the Geger Boyo, is currently unprotected.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35 Sabo dam in Indonesia 
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Figure 36 Check dam on Merapi south flank river 
 
 
8.2 Sector collapse 


The threat of a sector collapse at Merapi is substantiated by deposits suggesting that a 
similar event may have taken place in the past (Newhall et al., 2000). The hills immediately 
above the popular tourist destination of Kaliurang are interpreted as slump blocks that are 
remnants of sector collapse of prehistoric Merapi (Newhall et al., 2000). A sector collapse 
would likely be catastrophic, putting tens or perhaps even hundreds of thousands of lives at 
risk.  
 


8.3 Future eruptions at Merapi 


Merapi is one of the most active volcanoes in the world (Witham, 2005) and the threat of 
small eruptions is constant. As covered in Chapter 2, effusive eruptions from Merapi are 
frequent and can last for decades. In particular, eruptions involving lava dome growth 
generate hazards in the form of dome collapses causing block and ash flows and tephra fall. 
Larger explosive eruptions (VEI 3+) have longer return periods, but are much greater 
hazards and would threaten much larger areas.  
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9. SUMMARY AND CONCLUSIONS 


9.1 Impacts on agriculture 


The agricultural sector was very vulnerable to the impacts of the 2006 Merapi eruption, 
although this vulnerability was not uniform across the sector and indeed in some instances a 
high degree of resilience was observed on many farms (such as those with rice crops).  The 
sector received the most damage of any economic sector, mostly due to the close proximity 
of a significant number of farms to Merapi. Impacts varied with ash thickness, as well as by 
crop type and plant maturity. Up to 100% of crops were lost in some locations. Significant 
weight loss in cows was observed due to animals eating tephra-covered fodder.  Access to a 
reliable water supply appeared to be a key factor in overall farm resilience, although a 
diverse selection of crops grown on each farm also increased resilience. 
 
Tropical agricultural systems are thought to have quite a high degree of resilience due to the 
favourable climate and fertile soils allowing a year-round growing season. It also appears that 
farmers in the Merapi region have adapted their farming practices to build in more resilience 
by having a diverse range of cash crops in addition to the staple rice crop. However, 
individual farmers generally considered themselves unable to absorb financial losses such as 
the loss of one crop rotation. This economic pressure probably led to the adoption of risky 
behaviour during the eruption, with farmers staying in evacuation camps overnight but 
returning to the exclusion zone by day to tend their farms.   
 
9.2 Impacts on infrastructure 


Impacts on the local infrastructure of the Merapi region from the 2006 eruption varied with 
location and hazard. Generally, the infrastructure showed considerable resilience to tephra 
falls. Tephra thicknesses less than 0.5 mm did not cause any damage other than nuisance 
value. Tephra thicknesses up to several centimetres did not produce any reported damage to 
buildings, utilities, vehicles, or telecommunications equipment.  
 
Areas in the path of pyroclastic flows were completely destroyed, but the damage dwindled to 
background levels within several metres of the flow boundaries.  
 
The degree of resilience observed was higher than that expected, based on other models for 
ash impacts (Spence et al., 2005; Baxter et al. 2005). However, there may be a delayed 
lahar hazard as a result of the 14 June 2006 block and ash flows, which deposited 
unconsolidated debris on the upper slopes of the south side of Merapi. Any lahars generated 
may cause further impacts on infrastructure, such as bridges and roads, downstream.  
 
9.3 Social impacts of the 2006 eruptions  


Two people lost their lives in the 2006 eruptions of Merapi. They were sheltering in an 
emergency bunker designed to provide protection from pyroclastic flows, but this structure 
was overwhelmed by the 3 p.m. pyroclastic flow on 14 June. This failure should prompt a 
review of the construction of these bunkers. Part of Kaliadem village was destroyed by this 
event. 
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Large-scale evacuation of people living in high-risk villages on the slopes of Merapi was 
carried out, and is generally thought to have been an effective response to the eruptions, 
efficiently carried out. During the first phase of the evacuations, some 20,000 people were 
housed in evacuation camps, which were generally well-resourced and well-managed. 
However, the disruption, stress of abandoning farms, and uncertainty took their toll on many 
people we spoke to. Other problems with the evacuation are discussed further in Section 9.4.  
 
9.4 An emergency management framework 


Considering the ‘4Rs’ of emergency management, the response to the 2006 eruptions of 
Merapi have been covered at length in this report and summarised briefly above. Our field 
visit was made during the latter stages of the eruption, and we can only comment to a limited 
extent on recovery in this region. As far as the other two components of reduction and 
readiness are concerned we can offer the following observations. 
 
Risk reduction is a difficult prospect in the Merapi region. The volcano is one of the most 
active in the world. During the 20th century, eruptions of Merapi caused 1600 deaths, and 
tens of thousands more were injured, evacuated or made homeless. The impacts of 
eruptions have become increasingly more devastating because of the rapidly-growing 
population. An estimated 1.1 million people live on the slopes of Merapi, and the population 
growth rate was calculated as 3% annually in the mid-1990s. Java has one of the highest 
population densities in the world, imposing significant stress on its natural resources and 
leading to marginal and dangerous regions (such as the slopes of Merapi) being inhabited. 
Approximately 440,000 people live in high-risk areas subject to pyroclastic flows, surges and 
lahars from Merapi. The situation is exacerbated by the general lack of land-use planning. In 
summary, all available information points towards an increasing volcanic risk in the Merapi 
region.  
 
Fortunately, risk readiness among vulnerable communities in the Merapi region was found to 
be very good. At an individual level, people had a good understanding of volcanic hazards, 
and were well-prepared for evacuations. Nearly all the people we spoke with had established 
an evacuation plan, either as part of their village evacuation plan or as an individual family 
plan. These plans included meeting points for family members if they were separated. When 
evacuations occurred, they were carried out efficiently. As an example, around 15,000 
people were evacuated from Kaliadem village after the first block and ash flow at noon on 14 
June, within a three-hour timeframe. The well-established social structure and clearly-defined 
leadership roles in rural communities were undoubtedly important in facilitating evacuations.   
 
However, there are some problem areas. Economic pressures caused farmers to return to 
their farms in the exclusion zone during the daytime, and may also have caused other 
residents to refuse to evacuate altogether. The fact that supernatural beliefs about the 
volcano hold sway in this region may also contribute to this trend; people may put more faith 
in traditional beliefs (such as omens of an impending eruption) rather than scientifically-
based warnings. The emergency management authorities may have also suffered setbacks 
to their credibility by lowering the alert level in advance of a major eruptive event (14 June 
block and ash flows); people returned to their homes but then had to be re-evacuated. The 
continuing uncertainty was a difficult situation for both the authorities and the local residents.  
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9.5 Lessons for New Zealand 


9.5.1 Agriculture 


During our field visit, we collected data on crop damage in relation to tephra thickness, crop 
type and maturity.  It is apparent that some types of crop are highly susceptible to ash fall 
hazards and will likely suffer severe loss or abandonment of the crop, even from thin ash 
falls.  The large range of crops and impacts to crops and livestock observed will provide a 
useful basis for predicting impacts of an eruption in New Zealand on the horticultural sector.  
The information will also be used in fragility functions for the Riskscape model.  
 
An important lesson for New Zealand is that during an eruption it is likely large areas of 
agricultural land will be evacuated, even if not impacted, due to the uncertainty of volcanic 
eruptions.  The Ministry of Civil Defence and Emergency Management, Ministry of Agriculture 
and Forestry, Regional Councils and other authorities likely to be involved in the response to 
a volcanic eruption should be aware that farmers will be reluctant to evacuate their lands, 
and will want to return once evacuated to check on their farm whether it has been impacted 
by hazards or not.    
 
9.5.2 Infrastructure 


Observations made at Merapi during the 2006 eruptions suggest that existing models of 
infrastructure impacts due to tephra fall may be inaccurate, with damage to infrastructure 
generally less than expected. Our findings will be used to refine these models to include, for 
example, the presence of absence of rainfall.  
 
A lesson from our observations of pyroclastic flow damage was that modelling needs to take 
into account the physical characteristics of the erupted material. At Merapi, the block-and-ash 
flow material was highly degassed, and the resulting pattern of damage had very sharp 
margins as a result of the cohesiveness of the flow. However, differing flow characteristics 
are likely to generate different patterns of damage.  
 
9.5.3 Social impacts 


The evacuation systems and procedures, together with education initiatives increasing 
individual awareness of hazards, are clearly well-organised at Merapi and should provide 
some useful lessons for New Zealand.  
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10. SUGGESTIONS FOR FURTHER WORK 


The following suggestions for future projects build on the findings of this report: 
 
- Detailed studies of damaged houses in Kaliadem / Bebeng village to determine the 


damage in relation to the building construction; 
- Discussion with the national authorities in Jakarta on the final economic impacts of the 


2006 eruption; 
- Discussion with public health and disaster relief agencies (such as the Red Cross/ Red 


Crescent in Yogyakarta) of the final numbers of people affected by the 2006 eruption; 
- Analysis of the recovery dynamics of agricultural systems, including aspects such as 


changes in soil fertility and production yields of crops; 
- Investigation of lahar hazards as a result of the 2006 eruption; 
- A social science project looking at where villagers get their information from, who they 


trust, levels of knowledge and preparedness, general world views and so on; 
- At the onset of further activity from Merapi, a return to the volcano would provide an 


opportunity to collect information on impacts in order to compare them to the 2006 
eruption. 
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APPENDIX 1 


 


Table A1 Field stops around Merapi, 22 June – 5 July 2006  


ID ALT LAT LONG ASH STOP_NUM NOTES 
2 486.8 -7.667116 110.432070 0.1  trace to less than 1 mm 
3 480.3 -7.667157 110.432107 0.0   
4 478.9 -7.667152 110.432100 0.0   
5 677.6 -7.624893 110.447960 0.0   
6 916.5 -7.600205 110.453837 0.0   
7 1029.9 -7.589340 110.445404 0.0  Opak River below Kaliadem 
8 989.3 -7.588996 110.445601 0.0   
9 1004.0 -7.589021 110.445550 0.0   


10 1004.5 -7.589082 110.445531 0.0   
11 1004.9 -7.661272 110.466841 0.5 1.90 flow not here, less than 0.5 mm ash 
12 430.6 -7.662139 110.488987 0.0  evac centre? 
13 402.0 -7.666142 110.504014 1.0 1.10 buried temple - beside woro river 
14 400.0 -7.666258 110.506790 0.1 1.11 sand mining, trace ash 
15 400.0 -7.623153 110.549022 0.1 1.12 trace 
16 464.0 -7.505895 110.499983 3.0 1.13  
17 1382.3 -7.505434 110.482974 2.0 1.14 Up Selo Pass 
18 1366.1 -7.497389 110.424226 3.0 1.16  
19 1168.8 -7.496228 110.411126 4.0   
20 149.4 -7.783062 110.445544 0.0   
21 247.2 -7.728737 110.422602 0.0  Sutikno's House 
22 303.2 -7.701582 110.414584 0.0  No ash 
23 305.1 -7.660238 110.402960 0.1 4.10 trace 
24 461.1 -7.651302 110.396709 0.1 4.20 trace 
25 434.4 -7.649399 110.367230 0.0 4.30 evac centre (same as stop number 1.5) 
26 433.9 -7.654893 110.359899 0.5 4.40 <0.5 mm 
27 433.0 -7.644662 110.333889 0.1 4.50 trace 
28 427.9 -7.646292 110.324267 2.0 4.60  
29 392.1 -7.628284 110.321386 0.0 4.70  
30 398.1 -7.613477 110.306780 0.0   
31 386.8 -7.593300 110.293038 0.1 4.80 trace 
32 381.8 -7.578713 110.292615 1.0 4.90 stopped to film 
33 491.8 -7.555095 110.314184 1.5 4.10  
34 610.3 -7.540021 110.335247 1.5 4.11  
35 637.0 -7.537097 110.342801 2.0 4.12  
36 640.6 -7.526184 110.358369 2.0 4.14  
37 949.9 -7.516535 110.384042 3.0 4.15  
38 1046.5 -7.517148 110.392231 5.0 4.17 conv. With farmer 
39 1072.2 -7.517091 110.394595 20.0 4.18 mosque 
40 1248.6 -7.512649 110.413955 0.0   
41 1302.0 -7.514438 110.416874 15.0 4.19  
42 1322.9 -7.514284 110.416837 0.0   
43 1320.0 -7.514238 110.416840 0.0   
44 1321.0 -7.513865 110.417188 0.0   
45 1319.3 -7.513563 110.417628 0.0   
46 1319.5 -7.513604 110.417730 0.0   
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ID ALT LAT LONG ASH STOP_NUM NOTES 
47 1320.5 -7.513813 110.417327 0.0   
48 1320.5 -7.514240 110.416807 0.0   
49 1321.2 -7.515405 110.417976 20.0 4.23  
50 117.6 -7.794861 110.457885 0.0 5.00  
51 114.3 -7.806159 110.454497 0.0   
52 123.2 -7.807637 110.456649 0.0   
53 100.3 -7.808277 110.459428 0.1 5.10 Opak River Bridge (pillow lavas), trace 
54 104.4 -7.809532 110.461993 0.0  Blue EQ tents 
55 122.7 -7.807060 110.482921 0.0  Road - TW Vidoe damage 
56 133.7 -7.781793 110.484923 0.0 5.20  
57 164.8 -7.764278 110.488881 0.0 5.30  
58 187.8 -7.735908 110.488573 0.0  Road above highway 
59 187.1 -7.712768 110.503436 0.0 5.40  
60 288.0 -7.695559 110.493289 0.0 5.50 Road 
61 286.8 -7.696812 110.501251 0.0 5.60  
62 317.1 -7.674177 110.519136 0.1 5.70 Trace to <1 mm 
63 334.4 -7.670395 110.520037 0.1 5.80 trace, talked to farmer with 72 ducks 
64 369.0 -7.661629 110.517156 0.8 5.90 0.5 to 1 mm 
65 441.6 -7.644227 110.510346 1.0 5.10  
66 448.6 -7.640216 110.508670 1.0 5.11 evac camp 
67 590.9 -7.624061 110.499856 0.1 5.12 trace 
68 594.9 -7.619163 110.495488 0.1 5.13 trace 
69 598.5 -7.606772 110.488953 1.0 5.14  
70 874.0 -7.595085 110.479720 2.0 5.15 road block 
71 880.7 -7.593128 110.476787 0.0   
72 1001.8 -7.589301 110.472964 0.0   
73 1020.3 -7.587984 110.472334 4.0 5.16  
74 1086.4 -7.583661 110.469887 5.0 5.17 Photo 2243 
75 1138.1 -7.579820 110.469222 10.0 5.18  
76 1036.4 -7.582343 110.476833 0.0 5.19  


77 1029.2 -7.581965 110.477086 0.0  
Ash is very thick here - about as thick as we've seen,  
rain crust on ashy roofs 


78 1032.6 -7.581913 110.477099 15.0   
79 1046.5 -7.581532 110.476297 0.0  Vegetable Patch 
80 1235.2 -7.575753 110.468136 35.0  Cows, taped them eating 
81 190.7 -7.710330 110.420149 0.1 6.20 Sri's House, trace 
82 440.9 -7.660881 110.407144 0.0   
83 442.1 -7.655215 110.396121 0.1  trace 
84 400.8 -7.652070 110.360838 2.0   
85 394.0 -7.635182 110.330809 0.1  trace 
86 489.7 -7.613010 110.344931 2.0 6.30  
87 534.1 -7.606254 110.354826 0.0   
88 541.8 -7.604936 110.356644 0.0   
89 549.5 -7.603622 110.357987 0.0 6.40  
90 551.0 -7.603687 110.360863 0.1 6.50 trace 
91 613.7 -7.600196 110.361276 0.0   
92 613.0 -7.595532 110.368077 0.1 6.60 trace to 1mm 
93 703.8 -7.589610 110.375501 1.0 6.70  
94 702.6 -7.588804 110.376401 2.5 6.80  
95 709.3 -7.586846 110.377740 0.0   
96 726.6 -7.584569 110.380481 3.0 6.90 Chili Peppers 
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ID ALT LAT LONG ASH STOP_NUM NOTES 
97 499.3 -7.610122 110.346174 0.0   
98 504.1 -7.607041 110.342496 0.0   
99 488.0 -7.597096 110.332980 1.0 6.10  


100 491.4 -7.600944 110.322967 1.0 6.11  
101 371.0 -7.593098 110.292844 0.0   
102 368.8 -7.558353 110.311453 0.1  trace 
103 377.7 -7.555560 110.314014 1.0   
104 604.1 -7.540153 110.337199 0.0  river 
105 663.9 -7.528322 110.347335 8.0   
106 849.7 -7.509086 110.363110 15.0 6.12 Selo Road (different than when we came down?), Tobacco 
107 1071.3 -7.498309 110.378354 12.0 6.13  
108 1092.4 -7.499714 110.389860 8.0 6.14 Wonolelo 
109 1091.9 -7.499668 110.389918 0.0  Wonolelo 
110 1098.9 -7.499412 110.390122 6.0 6.15  
111 1098.9 -7.499412 110.390122 5.0 6.16  
112 1255.1 -7.497857 110.419135 4.0 6.17  
113 1418.1 -7.499119 110.436701 3.0 6.19  
114 1580.5 -7.501473 110.459345 0.0 0.00  
115 1737.5 -7.512834 110.453495 2.0 6.20  
116 1721.6 -7.515635 110.452555 5.0 6.21 Said there was 50mm up the slope (1km from summit) 
117 758.1 -7.518674 110.358698 0.0 6.22 15 mm since may 
118 766.1 -7.805921 110.447454 0.0   
119 118.6 -7.812281 110.466446 0.0   
120 114.5 -7.814974 110.480772 0.0   
121 116.0 -7.810124 110.483531 0.0   
122 126.5 -7.811631 110.486516 0.0   
123 119.3 -7.811988 110.488719 0.0 9.20 House being demolished by airforce 
124 116.4 -7.812624 110.511572 0.0  Heavy EQ Damage 
125 214.7 -7.817855 110.518339 0.0 9.30  
126 216.2 -7.818094 110.518259 0.0  Stream Bed 
127 209.9 -7.817878 110.519926 0.0  Weird volccaniclastic 
128 206.3 -7.817898 110.519671 0.0   
129 103.9 -7.837346 110.474208 0.0   
130 106.1 -7.837390 110.471860 0.0   
131 101.3 -7.842040 110.470323 0.0   
132 99.9 -7.848897 110.464875 0.0   
133 113.8 -7.849689 110.457359 0.0   
134 219.1 -7.852829 110.453709 0.0   
135 261.6 -7.854697 110.453800 0.0   
136 263.8 -7.858413 110.453768 0.0   
137 251.0 -7.862898 110.457337 0.0   
138 232.3 -7.867117 110.454876 0.0   
139 229.4 -7.872318 110.449933 0.0   
140 228.7 -7.874139 110.448536 0.0   
141 215.5 -7.881813 110.440098 0.0   
142 105.1 -7.883186 110.438824 0.0   
143 113.3 -7.882901 110.432842 0.0   
144 72.7 -7.883008 110.432801 0.0  Hill we climbed down to get sample 
145 60.7 -7.827738 110.443223 0.0  Lunch 
146 339.0 -7.569572 110.259657 0.0   
147 338.7 -7.570709 110.256160 0.1 10.10 trace 
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ID ALT LAT LONG ASH STOP_NUM NOTES 
148 338.7 -7.572871 110.254402 0.1  trace 
149 338.7 -7.577308 110.250753 0.1  trace 
150 326.5 -7.587574 110.242163 0.0   
151 278.4 -7.591523 110.238421 0.0   
152 274.6 -7.596697 110.234886 0.0   
153 261.4 -7.604883 110.230057 0.5 10.20  
154 263.0 -7.602850 110.225164 0.0   
155 260.4 -7.602128 110.222254 0.0   
156 258.7 -7.605010 110.219041 0.0   
157 258.7 -7.605784 110.209534 0.1  trace 
158 267.4 -7.605984 110.208888 0.0   
159 267.4 -7.605984 110.208888 0.0   
160 263.3 -7.603198 110.215544 0.1 10.30 trace 
161 142.9 -7.782264 110.387887 0.0   
162 140.0 -7.783051 110.384441 0.0   
163 138.1 -7.783026 110.382136 0.0   
164 100.1 -7.788942 110.370456 0.0   
165 107.8 -7.790581 110.368577 0.0   
166 128.9 -7.790158 110.366724 0.0   
167 140.0 -7.792727 110.366402 0.0   
168 140.7 -7.804480 110.363379 0.0   
169 121.5 -7.801679 110.364676 0.0   
170 124.6 -7.801493 110.368071 0.0   
171 134.0 -7.801816 110.375887 0.0   
172 134.0 -7.801816 110.375887 0.0   
173 127.3 -7.798198 110.384837 0.0   
174 130.9 -7.802874 110.378272 0.0   
175 130.6 -7.811420 110.376696 0.0   
176 112.1 -7.815578 110.376179 0.0   
177 114.0 -7.816215 110.375884 0.0   
178 113.8 -7.815261 110.372545 0.0   
179 109.7 -7.818541 110.368168 0.0   
180 109.2 -7.821947 110.367843 0.0   
181 106.4 -7.824285 110.367600 0.0   
182 97.7 -7.827564 110.367527 0.0   
183 102.0 -7.833420 110.366812 0.0   
184 95.1 -7.834379 110.385006 0.0   
185 513.7 -7.644282 110.434040 0.0   
186 659.6 -7.625038 110.433679 0.0   
187 678.3 -7.624807 110.449483 0.0  Red Cross Water Station (?) 
188 687.5 -7.624495 110.453727 0.0   
189 675.7 -7.606937 110.453800 0.0   
190 1011.4 -7.591118 110.450767 0.0   
191 1016.7 -7.589501 110.450213 0.0   
192 1020.3 -7.586426 110.449162 0.0   
193 1021.3 -7.584580 110.448747 0.0   
194 1120.3 -7.582529 110.447512 0.0   
195 1119.6 -7.582957 110.448460 0.0   
196 1116.9 -7.582955 110.448457 0.0   
197 1092.9 -7.584802 110.448706 0.0   
198 675.2 -7.625081 110.429218 0.0   
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ID ALT LAT LONG ASH STOP_NUM NOTES 
199 835.0 -7.598959 110.425553 3.0 13.10  
200 836.9 -7.592497 110.426234 0.0  road block 
201 609.4 -7.634183 110.425200 0.0   
202 444.3 -7.666763 110.418995 2.0   
203 441.1 -7.659648 110.397174 0.0   
204 451.9 -7.651591 110.396574 0.0   
205 600.0 -7.622150 110.404771 4.0   
206 787.7 -7.598908 110.414575 3.0   
207 903.5 -7.595376 110.415998 0.0  evac camp 
208 928.8 -7.589783 110.417097 3.0  road block 
209 982.6 -7.588463 110.421539 3.0   
210 986.4 -7.588411 110.424079 4.0  road block 
211 1006.4 -7.587958 110.424301 1.0  area destroyed by 1994 flows 
212 1022.7 -7.588269 110.424004 1.0  600mm of ash deposited in 1994 
213 890.3 -7.713088 110.386244 0.0   
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APPENDIX 2 


 
There has been limited published research on acid damage to vegetation from volcanic ash.  
It is well known ash falls can lead to elevated acidity and sulphur levels in soil (e.g. Cronin et 
al., 1998). These changes in soil composition can reduce the availability of phosphate and 
other essential minerals and alter soil characteristics to such an extent that arable crops and 
pasture plants will not survive (Cronin et al., 1998; 2003). There is less information on 
impacts on vegetation, although there have been several instances where acid rain or 
soluble ash-leachates following an eruption have caused detrimental effects to vegetation 
(Peterson and Tilling, 2000; Jacobson, 1984; Blong, 1984).   
 
Recent studies on the historical eruption of Laki volcano, in Iceland in 1783-84, have 
suggested that a ‘dry mist’, produced by the massive release of volcanic aerosols into the 
atmosphere during the eruption, may have caused impacts on soils and vegetation right 
across Western Europe (e.g. Grattan and Pyatt, 1994; Thordarson and Self, 1993). A wide 
range of critical plant processes were reported to have been affected by the volcanic mist, 
included photosynthesis, leaf formation, leaf reduction, fruiting, flowering and seeding. 
Observed impacts included premature yellowing of green leaves, trees prematurely losing 
leaves, and crops appearing weathered, shrivelled or dried despite abundant moisture, and 
with particular damage to leaf tips (Grattan and Pyatt, 1994). Despite damage to outer leaves 
and husks, the grains of cereal crops were reportedly unaffected, and some crops, such as 
rye, even appeared mildewed. Some plant varieties were relatively unaffected by the ‘dry 
fog’; these included wheat, mulberry bushes, fig trees and vines. Many of the above 
symptoms are considered typical acid damage (Grattan and Pyatt, 1994; Lang et al., 1980).   
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Chapter 9 
 


Discussion and Future Research 


 


The goal of this thesis was to research pastoral agriculture vulnerability to volcanic ashfall hazards by 


considering three essential elements, impacts on water supplies (Chapter 2), livestock (Chapter 3) 


and pastures and soils (Chapter 4).  These themes have been integrated in case-studies of the 1973 


eruption of Eldfell, Iceland, and the 1991 eruption of Hudson, Chile, in Chapters 5 to 8.   


A major focus of the thesis has been to go beyond traditional qualitative ashfall impact studies (e.g. 


Neild et al. 1998) to using quantitative measures of ashfall impacts.  This was achieved through: 


 chemical modelling of ashfall impacts on farm water bodies and farm scale assessment of 


water supply vulnerability to ash hazards; 


 modelling the logistical, time and cost requirements of a large-scale evacuation of livestock 


following a widespread, heavy ashfall; 


 laboratory, tunnel-house and field trials to quantitatively analyse the impact of different 


ashfall thickness, grainsize, frequency, soluble salt content, and different meteorological 


conditions to pasture and soils; and 


 analysis of different rehabilitation techniques including tillage and fertiliser treatments to 


restore pasture production. 


Ashfall depth is the standard ash hazard intensity parameter for damage estimation (e.g. Connor et 


al. 2001; Bonadonna et al. 2005; Jenkins et al. 2009).  This thesis confirmed ashfall thickness is a key 


determining factor influencing impact on pastoral agriculture.  However, ashfall frequency and 


duration, along with grainsize, mineralogy, and soluble volcanic salts, are also important controls on 


the level of impact.  The unique interaction of all these variables determines the level of damage and 


disruption to pastoral agriculture (Chapters 2, 4, 5, 7 and 8).   


Much of this thesis focussed on direct consequences for agriculture of ashfall impacts; however the 


case studies have illustrated the relative importance of quality farm management responses 


(mitigation strategies) following ashfall, which aid restoration of farm productivity (Chapters 5 to 8).  


The socio-economic and psychosocial impacts on rural communities following ashfalls may also be 


significant, especially when coupled with severe remobilisation of ash.   
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9.1 Discussion 
 


9.1.1 Rehabilitation of Pasture Land 


Following ashfall, feed availability for a profitable number of livestock to be carried on the farm will 


dictate whether pasture rehabilitation is required.  If sufficiently thin, pasture may grow through ash 


deposits within weeks of the ashfall, depending on the ash characteristics, climatic conditions and 


the time of year.  However if ash deposits are too thick for pastures to substantially recover, 


rehabilitation strategies will need to be considered.  Tunnel-house- and field-trials and interviews 


with farmers who experienced heavy ashfalls, indicates pastoral farmers should expect heavy 


ashfalls (≥100 mm) to cause immediate burial of pastures. Pasture recovery at previous levels is 


unlikely for several years to decades.  Short term rehabilitation (12-24 month) of thick ash deposits 


(≥100 mm) will likely require either deep cultivation, where over 50% of the topsoil is mixed with the 


ash, and application of large volumes of organic material, lime and fertiliser (Chapter 4; Litherland et 


al. 2007); and/or scraping/quarrying of the ash from the land’s surface, such as at Heimaey, Iceland, 


and Puerto Ibanez, Chile (Chapters 5 and 6).  Long term rehabilitation may require deep cultivation 


initially and on-going light cultivation, heavy lime and N-P-K fertiliser application.  It may require 


planting deep-rooted acid-tolerant species initially and later switching to preferred pastoral varieties 


when soil development is sufficient.  Application of organic matter would be beneficial.  Farmers 


may choose an integrated management response, with short term, high cost treatments used to 


restore optimal farmland and longer term options in lower productivity areas.  Following heavy 


ashfall pasture production may never re-establish to prior levels of production, necessitating a 


reduction in land use intensity, or even land-use change or retirement.  Correct selection of 


appropriate methods is critical, as highlighted by pasture re-establishment at Heimaey, Iceland 


(Chapter 5). 


Reworking of deposits is likely.  Hill slopes will likely erode readily and depressions over-thicken 


(Janda et al. 1996; Manville et al. 1999).  Over-bank lahar inundation of pasture land may occur, 


resulting in similar challenges to heavy ashfall (Chapter 4).  Wind-blown ash hazards may not be as 


severe as following the 1991 eruption of Hudson, but may suppress recovering vegetation (Chapter 


7).  Stabilisation of such deposits is essential to facilitate pasture rehabilitation.    


Further considerations for re-grassing methods should include the potential cost of treatments and 


the time required for each re-grassing method to return pasture to grazing quality.  Re-grassing 
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entire farms with high-cost fertilisers and seed varieties is extremely expensive.  It is likely some 


famers will be unable to cover this cost, especially if pastures take years to decades to re-establish to 


prior levels of production. 


 


9.1.2 Livestock 


Following heavy ashfall farmers will be faced with challenging decisions on livestock welfare when 


pastures are buried beneath ash deposits.  Supplementary feed is a short term solution, but this may 


be unsustainable in the long-term whether sourced from on-farm supplies or from emergency 


supplies brought in from outside the impact area (Chapter 6).  It is unlikely the large number of 


livestock requiring evacuation will be able to be evacuated with available local transport before food 


and water requirements become dire.  A substantial fleet of truck and trailer assets would be 


required to evacuate all livestock in a timely manner.  Perhaps most critically, it is doubtful that 


farms in surrounding regions have the capacity to accommodate the numbers of animals likely to be 


affected (Chapter 3).  Evacuation, starvation or destruction may be the only options.   


It is essential planning is undertaken for large scale animal welfare crises, where potentially tens of 


thousands of livestock may die due to starvation or dehydration.  Thousands of dead livestock could 


potentially contaminate water courses and farms for months following the event (Chapters 6 & 7).  


Managed mass-slaughtering may be required, similar to an infectious disease response (e.g. foot and 


mouth).  The wider implications of the loss of thousands of livestock from the national herd would 


mean significant immediate and future financial losses to local and national economies, and the loss 


of genetic value that would take many years to rebuild.  


 


9.1.3 Water Supplies 


Following large silicic eruptions, such as the 1980 St Helens eruption or the 1991 Hudson eruption, 


physical impacts of ashfall overwhelm more subtle chemical impacts on water supply systems (such 


as changes to water quality).  Particular points of vulnerability are open irrigation channels and 


drinking water ponds, which become clogged with ash. Ash damage to electrical components such as 


switch panels, and to motors and other components such as sprinkler heads may also occur. 


Groundwater-fed systems are much more resilient to volcanic ash than those from surface water. 


However, this depends also on a constant supply of energy, (e.g. electricity), which is not always 


possible under ash fall.  Ashfalls causing chemical impacts are typically thin andesitic or basaltic 
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layers in distal areas of fallout zone where grainsize was finest and particles have the greatest 


surface area/volume ratio for transporting soluble salts.   


 


9.1.4 Social Issues 


The majority of farms impacted by ashfall during a volcanic eruption will continue farming, with 


varying levels of disruption.  However real or perceived impacts on human health from the ashfall 


may force farm evacuation in the short-term (Chapter 8).  Where ashfall thicknesses are too thick for 


a return to profitable farming, migration from impacted farms and agriculture-related industries may 


result in significant demographic changes to rural communities and potential social impacts.  


Stressed farming systems will be most vulnerable to failure and psychosocial impacts.   


 


9.1.5 The Role of Government  
Government leadership will be essential to minimize the disruption caused by an ashfall.  Both case 


studies recognise the importance of government assistance in emergency response and recovery 


measures (Chapters 5-8).  Such volcanic disaster risk reduction should include supporting research 


on understanding and mitigating physical and social impacts before and after volcanic crises, 


investing in volcanic monitoring and analysis capability, and promoting community and 


infrastructure resiliency to natural disasters.  During and after volcanic crises safety and welfare 


support for impacted communities (which potentially may be long-term) may be needed, together 


with welfare assistance for impacted and displaced farmers. Dissemination of information on ash 


properties, potential mitigation strategies, and in the longer term technical and credit assistance will 


all be required. Engagement with farmers following ashfall is very important to promote agricultural 


education and assistance programmes which can allow farmers to make immediate farm 


management decisions, otherwise a fatalistic dependence-mentality may take over (Chapter 6).  An 


example of this is Appendix 3. 


9.1.5.1 Ashfall analysis 


A critical function of national volcanological agencies following an ashfall is the rapid, accurate and 


relevant analysis of ashfall properties.  Assessing the distribution, soluble chemical, and grainsize 


characteristics of the ashfall will inform emergency response decision-makers and allow 


development of useful treatment options.  Assessment should continue throughout the duration of 


the volcanic eruption, as volcanological conditions may change dramatically throughout the 


eruption. This happened during the 1991 Hudson eruption, where erupting products changed from 
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basaltic ash which had high levels of toxic volcanogenic salts attached to trachy-andesite ash, which 


contained significantly reduced levels (Chapter 6).  Famers should be aware that despite grasses 


apparently growing successfully following an ashfall, toxicity remains possible and should be 


monitored (Chapter 4). 


From a strategic view, a comprehensive ash analysis and agricultural produce monitoring 


programme must be able to rapidly identify any toxicity to minimise negative speculation and trade 


disruption.  Equally, images through the international media of thousands of dead or starving 


animals in an ash covered landscape may create negative consumer perception of the safety or 


desirability of agricultural commodities from that region or country.   


To adequately deal with these threats, it is essential that a suitable ash analysis protocol and robust 


lines of communication are established between agricultural emergency managers and 


volcanologists well in advance of a volcanic crisis (Lebon 2008). 


 


9.2 Future Research Direction 


Future research should continue to explore the vulnerability of agriculture and other societal 


elements (such as critical infrastructure) to ashfall hazards, striving to better understand the physical 


and chemical characteristics which may impact on agriculture.  Direct, indirect and intangible 


impacts should be examined as part of holistic vulnerability analysis.  More generally there is a 


developing foundation of knowledge to use risk assessment methods to express pastoral agricultural 


vulnerability to volcanic hazards, specifically through the development of fragility functions from 


data in this thesis and other published sources.   


Areas of future research direction include:   


 In the short term, future research following on from this thesis will examine the 


performance of pastoral seed germination in low pH volcanic ash growing media.  This study 


will be complementary to the applied research detailed in Chapter 4, but the work is not yet 


sufficiently advanced to be included within the thesis.  An extended abstract is included 


below. 


 The analysis of impacts from the 2008-present Vulcan Chaiten eruption will allow a modern 


examination of impacts on agriculture following a large explosive volcanic eruption.   
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 Modern farms are increasingly vulnerable to disruption of essential infrastructure, such as 


electricity, telecommunications and transportation.  Future research should focus on 


investigation of essential infrastructure vulnerability to ashfall hazards.   


 The major research direction beyond this thesis is to develop fragility functions which 


provide numeric relationships between intensity of ash hazard and degree of loss, specific to 


particular inventory classes or sectors.   


These points are expanded on below: 


 


9.2.1 Pastoral Seed Germination in low pH-Volcanic Ash Growing Media 


(Extended Abstract) 


 


Thomas Wilson1, Shane Cronin2, Ruth Morrison3 


1
 Natural Hazard Research Centre, University of Canterbury, Private Bag 4800 Christchurch, New Zealand 


2
 Volcanic Risk Solutions, Massey University, P.O. Box 11222, Palmerston North, New Zealand 


3
  Seed Tech Services, Institute of Natural Resources, Massey University, P.O. Box 11222, Palmerston North, New Zealand 


 


In preparation for submission to: Plant and Soil  


The correct choice of seed is essential when rehabilitating pastures covered with low pH-volcanic 


products (such as ash fall or lahar deposits), following a volcanic eruption or lahar.  Increasing 


intensification and specialisation towards high-yielding pastoral varieties may be unsuitable for 


growing in areas impacted by frequent ashfall, reducing pastoral farm resilience.  Adaptation to 


other pastoral varieties, more suited to the new soil conditions, may be required at least in the short 


term.  This study investigates the germination success of eight diverse but commonly used pastoral 


seeds in germination trials to examine their performance in highly acidic volcanic media.  Seed 


varieties included ‘Nui’ Perennial ryegrass (Lolium perenne L.), ‘Moata Tetraploid’ annual (Italian) 


ryegrass (Lolium multiflorum Lam.), ‘Advance’ tall fescue (Festuca arundinacea Schreber), ‘Kara’ 


cocksfoot (Dactylis glomerata L.), rape (Brassica napus L.), ‘Wairau’ lucerne (Medicago sativa L.), 


‘Huia’ white clover (Trifolium repens L.), red clover (Trifolium pratense L.).  All seeds were certified as 


over 96% likely to germinate.   


9.2.1.1 Impact Trial  


Each seed variety was placed in plastic germination containers in or on a thin layer (5-10 mm) of 


volcanic media (4 replicates for each trial) and watered to 30% of weight (approximate field 


capacity).  Four replicates of each seed variety were used.  Germination containers were kept in a 
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climate controlled environment (25°C and controlled humidity).  Observations were made weekly 


throughout the 4-5 week experiment.  Three different volcanic media treatments were used: pristine 


1996 Ruapehu ashfall, fine-grained 2007 Ruapehu lahar debris (collected in April), and coarse-


grained 2007 Ruapehu lahar debris (collected in June).  The 1996 Ruapehu ashfall was erupted as 


part the 1995/96 eruption sequence at Ruapehu volcano and is characterised by high sulphate levels 


due to enrichment of the ash from the vent-host hydrothermal system within Crater Lake, the 


current active vent at Ruapehu volcano.  The 2007 lahar deposit from the 23 March 2007 Ruapehu 


Crater-Lake breakout lahar are similarly enriched with sulphur and other volcanogenic salts from 


crater lake water (Chapter 4).  Each treatment had low soil fertility characteristics, with low pH, high 


sulphate concentrations and low or nil nitrogen, phosphorous and organic-carbon (Table 9.1).  The 


June lahar treatment was a very infertile media with a coarse grainsize and very low cation exchange 


capacity (CEC).  Many seeds failed to germinate (despite control test giving >95% germination 


counts).  Where germination occurred, there was universal inhibition of root development, which 


appears to relate to the highly acidic conditions (Figure 9.1).  Rape, annual ryegrass, and both white 


and red clover varieties germinated successfully.  However after 10-20 days, root development was 


inhibited in all varieties by the acid conditions.   


 


Table 9.1: Soil fertility characteristics of volcanic media used in trial 


 
NOTE Phosphate and sulphate values are expressed as μg/g (air-dry). Exchangeable cations and CEC values are expressed as me/100g (air-


dry).    
* The method by which CEC is measured may be overestimating this parameter due to the very low pH of these samples. 
** Soil volume is a measure of the weight of air-dry soil (g) per volume (ml) and can be used to convert results to a volume basis 


 


9.2.1.2 Treatment Trial 


A second round of testing using the June 07 Lahar debris investigated whether lime and fertiliser (N 


and P treatments) could mitigate the acidic conditions by liming and mitigate N or P deficiencies to 


increase germination and root development.  The following germination trials were conducted for 


each seed variety: 


 Treatment 1: lime (20 t ha-1 eq.) and June lahar material 


Name pH 
Olsen P  
(µgP/g) 


SO4  
(µgP/g) 


K 
(me/100g) 


Ca 
(me/100g) 


Mg 
(me/100g) 


Na 
(me/100g) 


N (%) 
CEC* 


(me/100g) 


Soil 
Volume**  


(g/ml) 
Ruapehu 
ash ‘96 


3.8 2.4 2943.3 <0.05 15.7 2.46 0.81 0 28 28 


Ruapehu 
lahar (April) 


3.5 9.9 2257.0 <0.05 13.9 2.07 0.08 0 24 1.32 


Ruapehu 
lahar (June) 


2.9 6.6 1784.3 <0.05 5.6 0.85 <0.01 0 14 1.24 
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 Treatment 2: Sechura1 (5 t ha-1 eq.)  and lahar material 


 Treatment 3: urea (1 t ha-1 eq.) and lahar material 


 Treatment 4: lime (20 t ha-1 eq.), urea (1 t ha-1 eq.) and seshura (5 t ha-1 eq.)   


 


 
Figure 9.1: Example of root retardation in Trifolium repens and Lolium multiflorum from acidic 


conditions (roots should be approximately the same length as the green leafs) 


 


Results indicated germination was often improved and root development was initially improved for 


most species, although as the trial progressed, acidification caused by breakdown of sulphur in the 


ash inhibited plant growth.  The presence of N and P had little if any influence on seed germination 


or root growth. 


9.2.1.3 Pan Trial 


A larger scale trial was also carried out with all the seed varieties germinated in one pan to compare 


germination performance on the April lahar debris (Figure 9.2).  High salt and acid tolerant varieties, 


fog grass, mustard and ryecorn seed varieties were added, but there was no noticeable increase in 


performance.   


9.2.1.4 Summary  


It is essential seed varieties will germinate when used in any pasture rehabilitation programme of 


volcanic ashfall or lahar debis covered land.  Otherwise significant time and resources will have been 


expended for an unsatisfactory result.  The acidic conditions meant whilst some varieties germinated 
                                                           
1
 Sechura is very high in P and also provides half its weight equivalent liming.   
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successfully, root development was retarded.  Rape, annual ryegrass, and both white and red clover 


varieties germinated successfully, so should be used preferentially to other pastoral varieties. Any 


pasture rehabilitation treatment should consider heavy rates of liming to suppress acid.   


  
 


Figure 9.2: Pan trial will full seed mix with A) ‘April lahar’ at 3 days, and B) pristine 1996 Ruapehu 


ash at 14 days – note how only some seeds have germinated. 


 


9.2.2 2008-present Chaiten Eruption, Chile 


The next major focus will be analysing field data obtained from a visit to areas impacted by the 


2008-present eruption of Vulcan Chaiten, Chile, in January - February 2009.  As the first major 


explosive rhyolitic eruption in nearly 100 years, this was a unique and important opportunity to 


observe and analyse impacts on an area geographically, climatically, and ecologically similar that 


impacted by the 1991 Hudson eruption. Data and experiences will be compared to those of the 1991 


Hudson eruption volcanic crisis to gauge changes over 17 years in agricultural and rural community 


vulnerability, preparedness, emergency response, and recovery.  Soil and vegetation samples were 


taken from the impacted area for chemical analysis, and extensive interviews held with impacted 


farmers and emergency management officials.   


Initial results include: 


 Heavy ashfalls and risk of further eruptive activity led to the evacuation of hundreds of 


people from farms.   
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 Some rehabilitation efforts had begun to cultivate ash into the soil and restore pastures. 


 For several months after the beginning of the eruption thousands of cattle were evacuated 


from heavily impacted areas and an emergency feeding programme was carried out. 


 Substantial aid from the Chilean government was provided to impacted farmers, providing 


monetary aid for lost livestock and providing funds for pasture re-establishment.  This has 


significantly reducing the impact of the eruption and enhanced short-term recovery. 


It is intended this will be followed up by a further impact assessment trip in 2011 to provide 


longitudinal assessment of impacts and recovery.   


 


9.2.3 Essential Infrastructure Vulnerability of Ashfall Hazards 
Increasing utilisation of technological improvements such as computer controlled electrically 


powered milking machines, internet, cellular phones and frequent large-scale livestock movement 


has made modern farms increasingly vulnerable to disruption to essential infrastructure (Wilson & 


Cole 2007).  The significant impact that disruption of these essential services has to farms is both 


economic and psychosocial.  Lessons can be taken from analogous natural disasters, such as the 


2006 Canterbury Snowstorm which significantly affected farms and rural communities across much 


of the South Island of New Zealand (see Appendix 4).  Future research should focus on investigation 


of essential infrastructure vulnerability to ashfall hazards, such as Appendix 5. 


 


9.2.4 Volcanic Fragility Functions for Pastoral Agriculture 
The current desire is to move from qualitative to quantitative impact assessment of volcanic 


hazards, with the development of fragility functions which capture the probabilities of various levels 


of damage, given variable severity or thickness of ash deposits.  A preliminary study of this future 


research direction is presented in Appendix 6 (Wilson et al. 2007).  It represents a first attempt at 


producing first-order fragility functions (damage ratio/hazard intensity curves) and loss assessment 


methodology for assessing risk to agriculture in New Zealand from volcanic ash falls.  The functions 


have been designed for the Regional RiskScape Program, a natural hazard risk assessment software 


tool being built by GNS Science and NIWA (King & Bell 2005), to allow the estimation of the likely 


losses to a particular sector of New Zealand’s agricultural industry given particular ash thicknesses 


intensities.  These fragility functions combine published work on volcanic ash impacts on agriculture, 


colloquial information from experts in the fields of volcanic hazards and agriculture, observations 
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made of the impact of volcanic ash on agriculture during the 2006 eruption of Merapi volcano in 


Indonesia (Appendix 7), as well as preliminary results from this thesis.   


In this preliminary loss modelling methodology, geographic information systems (GIS), volcanic 


hazard fragility functions and relevant databases are used to quantify the impact of ash fall hazards 


to agriculture.   As an example of its application, the impact of two eruption models, based on 


previous eruptions from central North Island volcanoes, is calculated for the New Zealand dairy 


farming sector.  The model eruptions are based on the 1315 A.D. Kaharoa eruption from Tarawera 


Volcano (most recent rhyolitic eruption in New Zealand) (Figure 9.3a) and the 1995/96 A.D. Ruapehu 


eruption (Ruapehu Volcano) (Figure 9.3b). Various parameters are incorporated within the loss 


modelling methodology, including differentiating between farm production and asset base loss, and 


seasonal vulnerability of agricultural production.   


 


Figure 9.3: Isopach map of tephra fall thickness from the A) Kaharoa eruption and B) 1995/96 


Ruapehu eruption over the North Island of New Zealand.   


 


A substantial number, and combined area, of dairy farms are impacted by various ashfall depths for 


each eruption model (Table 9.2).  Significant ashfall depths cover hundreds of farms in the Kaharoa 


eruption scenario.  By using fragility functions from Wilson & Kaye (2007) economic loss can be 


estimated (Table 9.3).  The model estimates losses of nearly $3 billion from lost production and 


damage to the asset base from the Kaharoa eruption model at highest seasonal vulnerability.   


B A 
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Table 9.2: Dairy farms exposed to model ashfall hazards  


Eruption Model  Kaharoa Ruapehu 


Tephra thickness (mm) ≥20 ≥50 ≥100 trace ≥1 ≥2 


Number of dairy farms affected 3,590 1749 655 2,368 106 6 


Total area of dairy farms effected (Ha) 294,530.0 134,217.3 56,677.8 243,278.3 13,105.6 722.1 


 


Whilst the Wilson & Kaye (2007) fragility functions and loss modelling methodology provide a 


foundation, more refined analysis of the volcanic risk to agriculture should be attempted following 


the contribution of this thesis.  The approach of Wilson & Kaye (2007) has a number of limitations: 


 Ash was considered to have fallen in one short, discrete episode, and not followed by 


additional falls.  Results from the tunnel house trials illustrates impact on pastures may vary 


significantly with different ashfall frequencies (Chapter 4) 


 Reworking of ash deposits, shown in Chapters 4, 5 and 7 to be a significant factor in 


agricultural recovery, is not recognised by the methodology  


 The current models do not factor post-deposition recovery and rehabilitation efforts again 


recognised as an important variable in recovery (Chapter 6).   


 There is no consideration of different ash compositions (including attached soluble salts 


(temporal considerations); nor is there consideration of volcanic ash grain size. 


 Many farming operations are dependent on “lifelines” (e.g. dairy operations on electricity, 


clean water supply, and chilled storage facilities).  The loss methodology does not take into 


account these interdependencies. 


Future work should incorporate new data from this thesis and address the identified limitations 


through the approach used in this thesis which integrates field based observations with laboratory 


and modelling techniques.  The limitations of each should be supported by the other approaches.  


For instance field-based observations are an essential part of volcanic impact assessment, however 


despite best attempts, they may not deliver adequate detailed quantitative ashfall impact data due 


to time, cost, and rapid leaching and remobilisation of volcanic ash in active environments.  


Laboratory analysis under controlled conditions allows investigation of specific impacts identified 


from field work, but is constrained by lack of sufficient volumes of fresh volcanic ash (i.e. with 


sufficient soluble salts attached) (Gordon et al. 2005).  Modelling allows analysis of systems and 


processes beyond the scale of laboratory experimentation.  Future work should continue to use this 


integrated approach. 
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Table 9.3: Estimated losses to dairy farms following model ashfall hazards 


   Production Loss ($) Asset Base Loss ($) 
 
 
 


Total Loss ($)  


   


High Vulnerability Moderate Vulnerability Low Vulnerability 
High seasonal 
vulnerability 


Moderate seasonal 
vulnerability 


Low seasonal 
vulnerability    


K
ah


ar
o


a
 Northland Total $184,620,000.00 $138,465,000.00 $92,310,000.00 $97,482,000.00 $282,102,000.00 $235,947,000.00 $189,792,000.00 


Waikato/BOP Total $864,296,000.00 $648,222,000.00 $432,148,000.00 $1,792,045,000.00 $2,656,342,000.00 $2,440,268,000.00 $2,224,193,000.00 


Taranaki Total $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 


Lower North Island Total $12,124,000.00 $9,093,000.00 $6,062,000.00 $17,060,000.00 $29,184,000.00 $26,153,000.00 $23,122,000.00 
         


Total   $1,061,041,000.00 $795,780,000.00 $530,520,000.00 $1,906,587,000.00 $2,967,628,000.00 $2,702,367,000.00 $2,437,107,000.00 


R
u


ap
e


h
u


 Northland Total $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 


Waikato/BOP Total $573,000.00 $429,000.00 $286,000.00 $547,000.00 $1,120,000.00 $976,000.00 $833,000.00 


Taranaki Total $11,000.00 $8,000.00 $5,000.00 $0.00 $11,000.00 $8,000.00 $5,000.00 


Lower North Island Total $119,000.00 $89,000.00 $59,000.00 $92,000.00 $211,000.00 $181,000.00 $152,000.00 
         


Total   $702,000.00 $527,000.00 $351,000.00 $639,000.00 $1,342,000.00 $1,166,000.00 $991,000.00 
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Abstract 


Volcanic eruptions are powerful, spectacular, uncontrollable geophysical events which require 


management to mitigate loss of life and property.  An essential part of volcanic risk management is to 


quantify the vulnerability of exposed elements of society to volcanic hazard.  Agriculture takes advantage 


of the fertile soils of volcanic regions, but is vulnerable to damage and disruption from volcanic hazards, 


in particular ashfall.   


This thesis investigates the vulnerability of pastoral agriculture to volcanic ashfall by examining impacts 


on the resource base of pastoral farming (water supply, pasture and soil, and livestock) and explores 


mitigation and recovery strategies for ashfall hazards at varying levels. It provides a quantitative 


understanding of pastoral farming vulnerability to ashfall hazards, as part of probabilistic risk assessment.   


Surface farm water supplies are found to be more vulnerable to ashfall, through contamination and 


sedimentation, than groundwater supplies.   After heavy ashfall, the physical impacts of ashfall 


overwhelm the more subtle chemical impacts on water supply systems, but even relatively thin ashfalls 


may cause potential toxic changes to water quality.  Farm-scale assessment of water supplies was used to 


identify key areas of vulnerability to ash hazards.  Modelling a large-scale evacuation of livestock 


following widespread, heavy ashfall found the logistical, time and cost requirements high and may make 


this action unrealistic.  Perhaps most critically, it is doubtful that farms in surrounding regions have the 


capacity to accommodate the numbers of animals likely to be affected.  Tunnel-house and field trials 


have shown pastures are relatively resilient to ashfalls of 10 mm, but this resilience rapidly reduces with 


increasing ashfall thickness and at ≥100 mm there is effectively no pasture recovery.  Ashfall grain size, 


frequency, soluble salt volume, and different meteorological conditions also have a significant impact on 


pastures and soils.  Pasture reestablishment will benefit from tillage of ash covered soils to mix ash and 


topsoil and break up the surface crust which may form on ash deposits.  Targeted fertiliser treatments 


may also be required to buffer acidic soluble salts and remedy deficiencies of essential nutrients.  


Reworking of ash deposits was found to be highly disruptive to pasture re-establishment and in extreme 


cases may prolong and intensify the impacts following an ashfall.   


The majority of farmers impacted by ashfall will continue farming, albeit with varying levels of disruption.  


However real or perceived impacts to human health may result in farm evacuation in the short-term.  


Where ashfall thicknesses are too thick for a return to profitable farming, migration from impacted farms 


and agriculture-related industries will result in significant demographic changes to rural communities and 


potential social impacts.  Stressed farming systems are most vulnerable to failure and psychosocial 


impacts.   
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Overview 


Chapter 6 is the first of three manuscripts using physical and social science research methods to 


investigate the impacts and recovery of agriculture and rural communities following the 1991 


Hudson eruption in southern Patagonia, South America.  This chapter describes the long-impacts of 


the eruption to agricultural productivity between 1991 and 2008, and analyses what effect they have 


had on the recovery of rural communities.   


Chapters 6, 7 and 8 are supported by a Science Report summarising the impact assessment trip to 


Hudson volcano in Appendix 3.   
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6.1 Abstract 


Large explosive eruptions have the potential to distribute heavy ashfalls across large areas, resulting 


in physical and chemical impacts on agriculture, and economic and psycho-social impacts on rural 


communities.  This study investigates how affected agriculture and rural communities have adapted, 


absorbed, and mitigated impacts following heavy ashfalls from the 12-15 August 1991 eruption of 


Vulcan Hudson, one of the largest eruptions of the 20th century.  An estimated 1 million livestock 


died after the eruption following pasture burial by ashfall and on-going suppression of vegetation 


recovery.  Horticulturalists suffered on-going damage to crops from wind-blown ash and changes to 


soil properties increased irrigation and cultivation requirements.  Real or perceived impacts on 


human health and impacts on farm productivity from the ashfall resulted in evacuation of farms and 


small towns in the short-term.  Long-term farm abandonment occurred in areas of heavy ashfall 


(upper Ibáñez valley) and highly stressed farming systems, even where ashfall was relatively thin, 


such as the Argentine steppe.  The mono-agricultural system of sheep farming in the steppe region 


had few options other than destocking, proving less resilient than the diverse high-intensity 


horticultural and pastoral mix in irrigated valleys, which allowed more rapid adaption through 


diversification.  Farms with natural advantages and greater investment in capital improvements led 


to greater damage potential initially (at least in cost terms), but ultimately provided a greater 


capacity for response and recovery.  Better soils, climate and significantly greater access to 


technological improvements such as cultivation tools, irrigation and wind breaks were 


advantageous, such as at Chile Chico (Chile), Los Antiguos and Perito Moreno (Argentina).  


Cultivation increased chemical and physical soil fertility, especially when used in combination with 


fertilisation and irrigation.  Appropriate use of seeds and cropping techniques within the new soil 


and growing conditions was important.  Government agencies had a vital role in the dissemination of 


information for appropriate farm management responses, ash chemistry analysis, evacuations and 


welfare, and in the longer term to provide technical and credit assistance to facilitate recovery.   


 


6.2 Introduction 


Large explosive volcanic eruptions have the potential to distribute heavy ashfalls across large areas 


of agriculture land.  Volcanic soils are often physically and chemically suited for crop growth and 


long-repose periods between eruptions in combination with land-use pressure, makes agriculture a 


common land use in volcanic regions (Cronin et al. 1998; Annen & Wagner 2003).  All forms of 


agricultural production are vulnerable to physical and chemical effects of volcanic ashfall, with 
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impacts on vegetation, soils, animal health, human health and essential infrastructure having been 


recorded (Table 6.1) (Blong 1984; Neild et al. 1998; Cronin et al. 1998; Ort et al. 2008).  Light ashfalls 


have caused slight to severe pastoral, horticultural and livestock damage, but typically falls of <50 


mm generate only short term damage.  Ashfalls >100 mm have resulted in abandonment of 


farmland, both temporarily and permanently and frequently led to long-term changes to agricultural 


land use (Table 6.1).   


Table 6.1: Selected volcanic ashfall impacts on agriculture 


Eruption Impacts Reference 


Hekla, 


Iceland 


(1104) 


Approximately 2.0 km
3
 of rhyodacite tephra fall covered >50,000 km


2
.  Farms 


impacted by tephra deposits >250 mm (compacted) were never resettled.  Exposed, 


marginal farms impacted by tephra deposits ~100 mm (compacted) were 


permanently abandoned. 


Thorarinsson 


1979 


Hekla, 


Iceland 


(1693) 


Approximately 0.18 km
3
 of andesitic tephra fall covered ~22,000 km


2
.  Farms 


impacted by tephra deposits >250 mm were never resettled.  Farms impacted by 150 


mm were abandoned for 1-4 years.  Significant livestock losses (starvation and 


fluoride poisoning) and damage to cultivated fields were recorded within the 30 mm 


isopach. 


Thorarinsson 


1979 


Vulcan 


Paricutin, 


Mexico 


(1943-56) 


Approximately 1.3 km
3
 of scoria fall covering ~300 km


2
 to depths >150 mm killed 


nearly all plant life within 5–8 km of the cone within the first year.  Tephra deposits 


<100-250 mm could be manually removed or ploughed into the underlying soil.  


Deposits >250 mm were unmanageable. 


Rees 1979; 


Fisher et al. 


1997; Ort et al 


2008 


Hekla, 


Iceland 


(1970) 


Approximately 0.66 km
3
 of andesitic ash was erupted and deposited over 40,000 km


2
.  


Pastures were contaminated with extremely high levels of Fluorine from relatively 


thin ashfall (≤10 mm).  Several thousand sheep died from acute fluorosis in west 


Hunavatnssysla and parts of Arnessysla.  


Georgsson & 


Petursson 1971; 


Thorarinsson 


1979 


Mt St 


Helens, 


USA 


(1980) 


Over 1.5 km
3
 of dacitic pyroclastic material was erupted and dispersed ash ≥1 mm 


across 391,000 km
2
.  Ash covered and buried pastures and crops resulting in an 


estimated $US 100 million at the time ($US 157 million in 2009).  Cultivation was used 


to break up ash deposits, increasing cultivation crop production costs and increasing 


machinery wear.  Few beneficial elements were available for soils.  Ash on plant 


surfaces reduced photosynthesis by up to 90%.  Pollinator insects were dehydrated by 


suspended ash particles and suffered high mortality rates.   


Cook et al. 


1981; Johansen 


et al. 1981; 


Folsom 1986; 


Lyons 1986 


Mt 


Pinatubo, 


Philippines 


(1991) 


Over 5 km
3
 of dacitic pyroclastic material was erupted and dispersed tephra ≥10 mm 


across 7,500 km
2
 (on land).  Over 96,200 ha of agricultural land was seriously affected 


by ashfall; with damage to crops, livestock and fisheries estimated at 1.4 billion pesos 


($US 86 million in 2009).  Damage from lahar inundation was estimated at 778 million 


pesos ($US 45 million in 2009).  Ashfall and lahar inundation caused major changes of 


land-use and relocation of thousands of farmers.  


Mercardo et al. 


1996 


Mt 


Ruapehu, 


New 


Zealand 


(1995-96) 


Thin basaltic-andesite ashfalls (0.03 km
3
) covered pastures preventing livestock from 


feeding (<5 mm).  After eating ash covered pastures >2,000 sheep died from 


starvation and acute fluorosis.  Ashfall added between 30–1,500 kg ha
–1


 of sulphur to 


>25,000 km
2
 of land in primary production.  Smaller but beneficial amounts of 


selenium and in places potassium and magnesium were supplied. 


Cronin et al. 


1997; 1998; 


2003; Neild et 


al. 1998; 


Johnston et al. 


2000. 
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Assessing the impacts on farming from ashfall is more complex than simply analysing the depth of 


ash versus the intensity or degree of impact.  The frequency, duration, and magnitude of the ashfall 


event, along with ash characteristics such as grainsize, mineralogy, and content of soluble acidic salts 


associated with the ash are important controls on the nature and level of impact (e.g. Cook et al. 


1981; Folsom 1986; Cronin et al. 1998, 2003; Witham et al. 2005; Ort et al. 2008).  Of equal 


importance is the resilience of the farming unit, and its dependency on economic, environmental, 


social and political variables (Reycraft & Bawden 2000).  The unique interaction of all these variables 


determines the level of socio-economic loss and disruption to agriculture and rural communities for 


each event (Ort et al. 2008).  Contemporary studies (Table 6.1) have catalogued impacts of volcanic 


eruptions on agriculture, but these are generally after small eruptions, and few studies have 


investigated the impacts and recovery of modern agriculture following large eruptions.  This is in 


part due to the low frequency of large eruptions and the lack of longitudinal volcanic impact data 


collection (Lyons 1986). 


This study investigates how affected agriculture and rural communities adapted, absorbed, and 


mitigated impacts following the 12-15 August 1991 eruption of Vulcan Hudson with information 


collected during early 2008. Field work in January to February 2008 was concentrated in southern 


Patagonia.   Farming communities were visited in a transect from the upper Río Ibáñez valley in 


Chile, which received over a metre of ash, to the Atlantic coast of Santa Cruz province, Argentina, at 


the distal end of the ash plume (Figure 6.1).  Field methods included semi-structured interviews with 


32 farmers, and 11 municipal officials or agricultural experts (e.g., veterinarians) who had 


experienced the eruption and/or participated in the response and recovery operations.  The 


interview schedule was designed to record the characteristics of the ashfall, the impact ashfall had 


on the productivity of farming, the duration of impacts, and any mitigation measures employed.  The 


study also attempted to assess the long term recovery of each farming operation and the factors 


which assisted or hindered recovery.  Details of these interviews are available in Wilson et al. (in 


press).  Soil and ash deposits were also collected from sites at intervals along the longitudinal axis of 


the plume (Figure 6.2) to determine ash grainsize and thicknesses, and the fertility of recovered 


soils. 


6.3 1991 eruption of Vulcan Hudson 


Hudson volcano (45°54’ S; 72°58’ W) is part of the Chilean Southern Volcanic Zone (33–46°S) located 


in southern Chile (Kratzman et al. 2008).   At least 12 Holocene explosive eruptions occured at 


Hudson, the most significant of which at 6,700 years before present (yrs BP), 3,600 yrs BP, and in 


1991 (Naranjo & Stern 1998).  The 1991 eruption consisted of two separate, partially sub-glacial 
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phreatoplinian explosive phases on 8-9 August and 12-15 August 1991.  The 1991 eruption is noted 


for abruptly changing from basalt/basaltic-andesite magma composition in the first phase to 


trachyandesite and rhyodacite during the much larger second phase (Naranjo et al. 1993; Bitschene 


& Fernandez 1995; Kratzmann et al. 2008). 


The first phase of the eruption dispersed ash to the north on 8-9 August, 1991.  The second phase of 


on 12–15 August, 1991, dispersed ash on a narrow, elongated ESE sector of Patagonia, covering a 


land area  of > 100 000 km2 (Figure 6.1) (Scasso et al., 1994).  The eruption produced 4.3 km3 bulk 


volume (2.7 km3 dense rock equivalent) of tephra fall deposits, making it one of the largest explosive 


eruptions of the 20th century (Kratzmann et al., 2008).  The elongated shape of the deposit was the 


result of strong winds blowing to the southeast during the 12-15 August eruption.   The prevailing 


strong westerly winds (known as the ‘roaring forties’) were supplemented at high levels by a jet 


stream blowing to the southeast in the upper troposphere-lower stratosphere at estimated speeds 


of up to 240 km per hour (Scasso et al. 1994).   


6.4 Impacts of the 12-15 August 1991 Hudson eruption 


Pastoral farms with sheep and cattle, horticultural farms in irrigated river valleys, and rural service 


towns were impacted by the eruption.  An estimated 1 million sheep and thousands of cattle died in 


Chile and Argentina, as a result of the heavy ashfalls burying feed, exacerbated by strong wind 


remobilisation of ash and the already poor condition of the grazing stock (Valdiva 1993; Rubin et al. 


1994; Inbar et al. 1995; Wilson et al. submitted-a).  Various authors reported regional-scale impacts 


on farming in the study region following the event (e.g. Banks and Ivan, 1991; Bitschene et al., 1993: 


Bitschene and Mendia, 1995; Inbar et al., 1995).  This study offers a more detailed analysis of farm 


impacts across the region and over a longer time scale of recovery. 


Almost immediately after the eruption, primary ash deposits were reworked by strong winds in 


southern Patagonia, with severe and on-going ”ash storms”, extending the ashfall-like conditions for 


months to years (Scasso et al. 1994; Inbar et al. 1995 Wilson et al. submitted-a).  Impacts on and 


mitigation of these ash-storms are described in Wilson et al. (submitted-a) and complement this 


study.  
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Figure 6.1: Location map and isopach map of eruptive deposits; area of Figure 6.2 is shown as 


dashed line (after Scasso et al. 1994). 


 


Figure 6.2: Location and sampling site (after Scasso et al. 1994).  


The emergency response was initially clouded by fears of fluoride poisoning, following high recorded 


levels in the initial 8-9 August basaltic plume (Banks and Ivan 1991).  As the composition of erupted 
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magma changed to trachyandesite and rhyodacite, the content of soluble toxic salts decreased 


significantly (Banks & Ivan 1991; Rubin et al. 1994).  This change and apparently conflicting 


information created major confusion amongst farmers and rural communities about the safety of 


ash-covered vegetation and water supplies.   


Interviewees in all cases reported they received greater ashfall thicknesses than those estimated by 


published sources (Table 6.2) (e.g. Naranjo et al. 1993; Scasso et al. 1994).  When ash deposits were 


checked in the field, they generally correlated to published sources, where not eroded by wind or 


fluvial processes.  We attribute the high farmer estimated ash thicknesses to including both ash and 


snowfall thicknesses (reported to be contemporaneously deposited), and to post-depositional 


settling and erosion of the ash before they could be measured (Folsom 1986; Lyons 1986).   


Agriculture is one of the main economic activities in the affected area and rural service towns are 


heavily dependent on the productivity of surrounding farms.  Pastoral (livestock) farming for meat 


and wool production dominates throughout the area.  Farms in the upper Ibáñez valley, located in 


the southern Andes Mountains 20-50 km from Vulcan Hudson (Figure 6.1), ranged from 50-200 ha, 


with semi-intensive combinations of sheep and beef cattle.  In the lower Ibáñez valley 50-90 km 


from Vulcan Hudson, including the settlement of Cerro Castillo, more intensive sheep and cattle 


farms occur.  Warm, well irrigated valleys draining into Lago General Carrera/Buenos Aries allow 


pockets of intensive, ground and tree crop horticultural farms and intensive pastoral farming (1-100 


ha) on the outskirts of the rural service towns at Puerto Ibáñez, Chile Chico, Los Antiguos and Perito 


Moreno.  In the vast steppe region from Perito Moreno to the Argentine Atlantic coast large 


(>20,000 ha) low-intensity sheep farms dominate.   


The climate in this region is typically dry, cool and windy.  Rainfall decreases from >1500m/year in 


the central southern Andes to 800–1000 mm in lower eastern hill areas (Peri & Bloomberg, 2002).  


The Andes act as an orographic barrier to moist winds coming from the west resulting in a mean 


annual rainfall as low as 150 mm/year in the central steppe, increasing to 250 mm/year at the coast 


(Peri & Bloomberg, 2002; Pasquini et al. 2005).  Atmospheric precipitation is seasonal, with most 


precipitation in the Andean region recorded in winter (more than 70% occurs between April and 


September). In contrast, along the coastal zone most atmospheric precipitation occurs in autumn 


(March-May) and spring (September-November) (Pasquini et al. 2005).  Potential evapo-


transpiration ranges between 4-7 mm/d in summer making irrigation essential for horticultural 


production (Peri & Bloomberg, 2002).  Temperatures are highest from December to February and at 


a minimum in June–July; summers are short, but with long days because of the high latitude.  The 


maximum mean monthly temperature over 30 years at Perito Moreno is 20.4°C, and minimum -
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3.0°C.  The windiest season is from November until March, with the predominant wind direction 


from the south-southwest quarter; severe and frequent windstorms occur in spring and summer, 


with wind-speeds over 120 km/h. 


6.4.1 Livestock Impacts 


The eruption occurred in August, at the end of winter, when pastoral farmers were already awaiting 


warmer spring growth conditions to replenish feed stocks and animals were in poor condition and 


particularly vulnerable to feed burial by ashfall (Wilson & Cole 2007).  It had been a particularly cold 


and stormy winter and most farms were overstocked, due to poor meat prices in the previous 


season. This had reduced available grazing and supplementary feed supplies across the Patagonian 


region (Rubin et al. 1994).  Snowfalls of 20-40 cm also occurred in the Ibáñez valley in the weeks 


following the eruption, compounding problems with feed burial, ash loadings on building roofs and 


road access.   


A significant animal welfare crisis rapidly developed following the eruption when the limited 


supplementary feed stocks were exhausted. Chilean government agricultural agencies Servicio 


Agrícola y Ganadero (SAG) and Instituto de Desarrollo Agropecuario (INDAP) attempted to organise 


and assist with evacuating livestock and sourcing further supplementary feed.  Most farms in the 


Andean region and irrigated valleys lost up to 50% of stock, and up to 90% were lost in the large 


steppe region (Table 6.2). 


 


6.4.1.1 Gastro-intestinal impacts 


Most livestock died of starvation when feed was covered in ash (Rubin et al. 1994).  Where ash 


deposits were sufficiently thin to permit grazing, ash adhering to vegetation caused digestive 


problems; paradoxically this hazard was often most severe further away from the erupting volcano 


(mirroring a pattern also seen in Iceland; Thorarinsson 1979).  In some areas hungry sheep grazed 


scrub and low trees coated with ash, whilst in others animals refused to graze and simply died of 


starvation. Veterinarian Don Julio Cerda Cordero of SAG worked with livestock in the Puerto Ibáñez 


area immediately after the eruption, and reported ash ingested with feed accumulated in the rumen 


forming a “brick”, which blocked the gut, caused swelling and led animals to essentially die from 


asphyxiation.   In contrast, Rubin et al. (1994) reported there was little ash ingestion or evidence of 


mechanical obstruction in the gut recorded during necropsies of sheep at Perito Moreno. Ewes 


aborted lambs due to high stress and malnutrition (Rubin et al. 1994; Inbar et al. 1995), but there 


were no confirmed instances of livestock being poisoned from ash ingestion, despite fears of high 
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fluoride levels in initial ash samples (Banks & Ivan, 1991; Rubin et al. 1994).  Ash-storms added to the 


problem ensuring that feed supplies were repeatedly covered in fine layers of ash (Black & Mack 


1984; Wilson et al., submitted-a). 


6.4.1.2 Tooth Abrasion  


In all areas, but especially in the Argentine coastal steppe where ash was finest, farmers reported 


frontal grazing teeth were worn down almost to the gum, as animals tried to graze ash-covered feed.  


This was exacerbated by ash-storms continually coating vegetation with fine ash.  In extremely bad 


areas sheep were crippled within weeks of the ashfall.  While some animals starved to death, 


surviving sheep suffered poor performance for the rest of their lives.  By 2008 animals from the 


1991-1995 generation had been replaced by normal breeding cycles.   


6.4.1.3 Dehydration 


Livestock suffered dehydration when fine ash repeatedly blocked and contaminated surface water 


supplies in the Chile Chico, Los Antiguos and Argentine coastal steppe region and constant abrasion 


dried out vegetation.  In Chile Chico and Los Antiguos, livestock were taken to Lago Gen. 


Carrera/Buenos Aries.  However in the steppe, shallow small lakes were turned into muddy swamps 


where livestock became stuck and often died.  There were several reports of dead sheep lining the 


edges of such lakes, trapped within the ashy mud and sometimes piled 2-3 deep.  Once ash deposits 


stabilised, after 5-6 years, the drinking water in lakes rapidly cleared. 


6.4.1.4 Immobilisation  


Sheep in this area (merino-corridale cross) have a fine-grade of wool which readily trapped large 


loads of fine ash.  Apart from starvation and dehydratation, many ewes were pregnant at the time of 


ashfall andsome ended up carrying an extra load of up to 10 kg of ash. This ash load, strongly 


impeded movement and caused many animals to collapse and eventually die.  Some farmers 


removed wool from their surviving sheep to reduce the stress.  The resulting fleeces from animals in 


Los Antiguos in 1991/92 weighed 10-12 kg, compared to a usual 3-4 kg.  Shearing was difficult 


because the shearing-combs were rapidly abraded by the large quantities of ash in the sheep’s 


fleece.  The livelihoods of shearers was destroyed along with that of farmers, following the major 


destocking of the region.  Across the region, large volumes of stored wool was also contaminated 


when ash penetrated woolsheds, further compounding economic losses.   
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Table 6.2: Farm Impact Data 


Farm 
ID 


Location 
 


Farm Type 
 


Ash Depth (mm) Hectares 
 


Livestock Losses in 1991 (losses) Loss Notes 
 


  Farmer Est. 
Naranjo et 
al. 1993 Cows Sheep Other 


1 Ibanez Valley Pastoral 150-200 300 200       Not present at eruption - arrived 1994 


2 Ibanez Valley Pastoral 1000 n/a 120 24 (9)      Evacuated 15 cows - sold for 40,000P but had been worth 100,000P 


3 Ibanez Valley Pastoral 1500 1000 170 33 (33)      


4 Ibanez Valley Pastoral 1000-1500 500 100 30 (15)     Evacuated cows - sold 


5 Ibanez Valley Pastoral 1000-1200 400 220 40 (20) 100 (100)   Evacuated cows - sold 


6 Ibanez Valley Pastoral 500-600 100 160 2 (2) 300 (200)     


7 Puerto Ibanez Mixed 50-200 40 150 
100  


(20-30?) 200 (170)   crops inundated by lahars and dunes; 30 sheep evacuated; cows sold 


8 Puerto Ibanez Mixed 150-200 40 100 30 (2-5?)     crops all covered 


9 Puerto Ibanez Pastoral 150 40 8 170 (?)     all had to be sold - now only 1.5 ha fertile 


10 Puerto Ibanez Mixed 200-250 40 7.5 80 (20)       


11 Puerto Ibanez Horticulture 1000 40 1       Crops performed poorly for several years 


12 Puerto Ibanez Mixed 200 40 100   300 (260) 
150 (150) 


Goats 40 sheep evacuated; Crops died 


13 Chile Chico Mixed 300-400 100 5 4     Crops abraded by wind blown ash; cows all sold 


14 Chile Chico Mixed 300 100 5   30 (25)   Crops performed poorly for several years 


15 Chile Chico Mixed 300-500 100 350   400   All sheep sold 


16 Chile Chico Pastoral 200-250 100 -- >300     All evacuated by ferry to Puerto Ibanez  -  then sold 


17 Chile Chico Pastoral 450-500 100 520 100 (50) 400 (200) 
2-3 


horses 50 cow & 200 sheep evacuated & sold for 50% of original value 


18 Los Antiguos Horticulture 1000(?) 80 4       Cherry trees abraded by ash - reduced production 


19 Los Antiguos Mixed 200 80 8   70 (70)   Crops performed better following ashfall 


20 Los Antiguos Horticulture 150-170 80 4       2 years of no production from the cherry trees 


21 Los Antiguos Mixed 200-250 80 70   30 (15)   In first two years after eruption - fruit produced by very small 


22 Perito Moreno Mixed 400 20     370 (80)     


23 Estancia  Pastoral 200-250 70 180,000   30,000     
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(15,000) 


24 Los Antiguos Pastoral 80 70 280 50 (1) 400 (60)     


25 Cerro Castillio Pastoral 600-1000 n/a 100 5 60     


26 Cerro Castillio Pastoral 800-1000 n/a   all died all died 
horses 


died   


27 Cerro Castillio Pastoral 200 100 9 8     Cows all sold 


28 Cerro Castillio Pastoral 200-300 n/a 50 10-20 >50 (all)   All livestock evacuated & sold; moved farms following the eruption 


29 Puerto Ibanez Mixed 200 40 60 25 (0) 300 (20)   Evacuated survivors to Coihaique 


30 Tres Cerros Pastoral 40-50 40 20,000   
12,000 


(11,000)     


31 Puerto San Julian Pastoral 20-50 5 33,000   16,000 (?)   Most died 


32 Rio Gallaous Pastoral 30 0 60,000   
15,000 
(3,000)     
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6.4.1.5 Blindness  


Many sheep and cattle suffered permanent blindness due to abrasion of the cornea by sharp ash 


particles.  Affected livestock reportedly walked in circles in Chile Chico, Perito Moreno and the 


steppe region following the eruption.   


 


6.4.2 Vegetation and Soil Impacts 


Heavy ashfall buried pastures (mostly white, red clover and grasses) with >100 mm being sufficient 


to bury short winter pastures and inhibit its regeneration, ultimately resulting in farm 


abandonments.  Ash was compacted by rain, animals and human activity, increasing the deposit bulk 


density by 50-100% (Cienfuegos & Beltrano 1995; Wilson et al. submitted-b).  In particular the ash 


deposit developed a hardened surface or crust, partly aided by chemical precipitation (Fowler & 


Lopushinsky 1986).  This reduced water infiltration and prevented vegetation from growing (Folsom 


1986; Fowler & Lopushinsky 1986).  Vegetation could penetrate ash <70 mm thick and in some cases 


pastures were able to growth through desiccation cracks in ash 70-120 mm thick, particularly where 


there was no shortage of water.  Low levels of rain and irrigation water simply ran off the crust and a 


large volume of irrigation water was required to saturate the deposit.  This increased sediment 


runoff and sedimentation in irrigation canals.     


No functioning farms existed in areas that received >2 m of ash. The 2008 surface is mostly grains >2 


mm with very little, fine organic matter, some lichen cover and scattered clover.  Small endemic 


beech (Nothofagus) saplings were common (0.5-2.0 m in height).  Farms with 1.0-2.0 m of ashfall 


have had sparse pastures since 2000, and even by 2008 few areas can support livestock.   White 


clover (Trifolium) was the first pasture species to return.  Farms with 0.5-1.0 m ash since 2001have 


mostly re-established pastures, support semi-intensive sheep and beef farming.  Where there has 


been significant erosion and compaction of the ash to coverage of <200 mm, by 2008 sufficient 


pasture was present for intensive livestock farming.  Pastures are clover-dominated with some 


grasses.   


An initial increase in vegetation growth following the ashfall was reported by many farmers in the 


Ibáñez valley, Chile Chico and Los Antiguos, which was attributed to a slight fertilising and mulching 


effect from the ash.  Studies completed on the ash indicated there were insufficient soluble 


elemental concentrations on the ash to cause chemical toxicity in soils or plants (Banks & Ivan 1991; 


Rubin et al. 1994; Bitschene et al., 1993; 1995; Cienfuegos & Beltrano 1995; Inbar et al. 1995).  


Interviewed farmers in Puerto Ibáñez reported some pastures were yellowed and dehydrated, 
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especially on the tips of grass leaves, characteristic of acid damage (Grattan & Pyatt 1993; Dale et al. 


2005).    The ash acted as a lithic mulch, increasing soil-water retention and slowing evaporation, 


similar to that observed at Sunset Crater, Arizona, USA, and at Vulcan Parícutin, (Mexico) (Rees 


1979; Cienfuegos and Beltrano 1995; Bitschene et al. 1995; Ort et al. 2008).  This did not occur in 


distal areas (steppe) due to rapid remobilisation of the ash deposits by winds (Bitschene et al., 


1995). 


Once pasture was buried by ashfall, pastoral farming recovery was dependent on a successful spring 


growth period.  Farmers in the irrigated valleys reported pastures and alfalfa hay were growing again 


by December 1991, but suffered damage from later ash-storms which reduced pasture and 


supplementary feed stocks for the following winter. Supplementary feed (alfalfa hay) production in 


Perito Moreno decreased by about 30% for 2-3 years after the ashfall.   


The time of year the eruption occurred was fortunate for horticultural farming located in an irrigated 


valley surrounding Lago General Carrera/Buenos Aries.  Most crops had not yet been planted or 


were in dormancy in early August (winter). Low crops would have been smothered and tall crops 


would have experienced reduced photosynthesis and possible acid burns from ash cover.  However, 


the windblown ash caused significant problems over the crucial spring growth period (October-


November) in 1991 and during subsequent harvests for 2-5 years (Inbar et al. 1995).  The fast 


moving, abrasive suspended and saltating ash particles ‘ash-blasted’ exposed vegetation, soils and 


livestock.  In particular cherry fruit trees in Los Antiguos were badly affected through abrasion to 


buds and blossoms (Inbar et al. 1995).  Tomato and alfalfa hay crops were also sensitive to abrasion 


by windblown ash.  Root crops such as potato and garlic were most resilient.  Horticultural farmers 


typically had the capacity (equipment and financial reserves) to cultivate the ash into the soil.  


Access to irrigation water was a significant advantage to promote vegetation recovery and to aid the 


integration of the ash into the soil.   


For several years following the eruption, water and wind eroded ash from agricultural land, 


encouraging vegetation recovery, particularly in the Ibáñez valley and surrounding Lago Buenos 


Aires.  However, once exposed, the pre-existing soil suffered increased erosion by high energy 


saltating particles.  The significant wind remobilisation of fines from the deposit was particularly 


detrimental to recovering vegetation (Wilson et al. submitted-a).   
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6.4.2.1 Effect on Soil Fertility 


The trachyandesitic Hudson tephra was rich in potassium (2-3 wt.% K2O), phosphorous (0.4-0.8 wt.% 


P2O5) and sulphur (0.1-0.2 wt.%) (Banks & Ivan 1991; Bitschene et al. 1993; Scasso et al. 1994; 


Bitschene et al. 1995).  However these elements were locked within crystals and glasses and not 


immediately available for soils.  First extraction analyses in Table 6.3 show limited concentrations of 


beneficial elements.   


Table 6.3: Analyses of extractable elements from the 1991 Hudson tephra (CAL-first extraction 


method with total ash sample) 


Extractable Element 
Bregliani et al. (1993) 


(mgkg
-1


) 
Bitschene et al. (1995) 


(mgkg
-1


) 


P2O5 10 1.7 


K2O 7 4.5 


MgO 60 - 


CaO 200 - 


S 100 - 


 


Soil sampling (Figure 6.2) was undertaken along the longitudinal axis of the plume. Results are given 


in Table 6.4.  Soil samples were air dried and sieved (<2 mm) before being analysed for extractable 


sulphate following the method of Blakemore et al. (1987).  Total soil nitrogen and carbon was 


determined by Kjeldahl wet digestion (Parkinson & Allen 1975) followed by automated analysis.  Soil 


pH was measured using a glass electrode pH meter with a soil:water ratio of 1:2.5 (w/v) (Blakemore 


et al. 1987).  Exchangeable cations were determined by 1M neutral ammonium acetate extraction.  


Olsen-extractable soil phosphorous was determined by shaking 1 g air-dried soil samples with 20 ml 


of 0.5M NaCO3 solution (pH 8.5) for 30 min (Olsen et al. 1954). 


The lack of baseline data prohibits comparative analysis; however, the data give some insight into 


soil fertility variations in different locations and the relative success of different mitigation 


techniques.  Samples taken in the upper Ibáñez valley generally showed extremely poor soil fertility.  


In particular cation exchange capacity (CEC) was particularly low, highlighting the lack of fine clay 


particles to hold nutrient cations in topsoils.  Other key elements, such as P and N were also very 


low.  Increases in pH and CEC with distance from the vent (due to increasing K, Ca, Mg, Na) appears 


due to increasing aridity eastward.  Paleosols in general had better physical fertility characteristics 


with higher CEC and bulk densities when compared with topsoils; due to their finer grainsize and 


higher clay content.  However their chemical fertilities were generally poorer than top soils, which 


typically had higher carbon and nitrogen contents, reflecting current plant growth.  Phosphorous 


was generally low and variable, but was typically higher in topsoils.  The bulk density of topsoils also 
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generally increases with distance from the vent, reflecting the decreasing grainsize of pyroclastic 


deposits.  The greatest total soil fertility was achieved where ash and paleosol were mixed, providing 


chemical (higher CEC and P, C and N contents, probably reflecting greater organic matter content in 


the soil) along with increased aeration and moisture-holding capacity (Figure 6.3) (Ugoliniu & Zasoski 


1979; Shoji et al. 1993; Ort et al. 2008).  Most farmers who cultivated ash into their soil attributed 


the practice as helping grass and horticultural ground crops re-establish within 1-3 years or sooner.   


 


Figure 6.3: Selected soil fertility indicators of topsoils in the 1991 Hudson ash plume.  Samples 


from cultivated soils are denoted by an arrow. 


 


6.4.2.2 Effects on water retention 


Coarse grained (>1 mm) surface soil textures form a porous blanket that helps retain underlying soil 


moisture for longer periods.   Cienfuegos & Beltrano (1995) reported this reactivated the plant cover 


and facilitated the growth of small plants.  This had also been observed by Colton (1965) & Waring 


(2007) at Sunset Cater, Arizona, United States.  Ash from Los Antiguos was found to have 35.1% 


water retention potential, whilst a 50:50 ash and clayey-soil mix gave 62.2% (Bitschene et al. 1995).  


Where ash was cultivated into soil it reduced water retentivity, leading to increased irrigation 


requirements.  This was likely exacerbated by the wind erosion of fine ash and soil particles from the 


topsoil (Wilson et al. submitted-a). 
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  Table 6.4 – Soil fertility analyses 


ID # 
Way 
point 


pH Olsen P 
(µgP/g) 


SO4 
(µgP/g) K (me/100g) Ca 


(me/100g) 
Mg 


(me/100g) 
Na 


(me/100g) C (%) N (%) CEC 
(me/100g) 


Bulk 
Density 
(g/ml) 


% >2 
mm 


KM 
from 
vent 


Description 


- - 5.6-6.5 20-80 10-20 0.5-1.0 6-12 1-3 0-0.5 10-20 0.5-1.0 25-40 - - - Recommended levels for health pasture growth 


H1 5 5.6 3.2 48 0.38 3.6 0.73 0.12 15.35 0.95 26 0.61 2.5 19 Paleosol 


H2 5 6.1 8.3 2 0.08 0.6 0.08 0.05 0.42 0.04 6 0.54 47.8 19 Ash/topsoil 


H4 7 6.2 3.6 4 0.09 0.6 0.06 0.09 0.22 0.01 25 0.54 54.5 20 Paleosol 


H5 7 5.6 10.9 5 0.28 3.7 0.43 0.16 3.46 0.14 8 0.61 40.4 20 Ash/topsoil 


H7 8 5.8 4.1 18 0.08 0.3 0.06 0.07 0.07 <0.01 2 0.75 41.2 29 Ash - wind reworked 


H8 9 6.2 6.7 16 0.12 7.9 0.82 0.16 3.52 0.27 14 0.82 3.2 35 Paleosol 


H9 9 5.6 20.2 32 0.14 16.0 0.88 0.24 11.36 0.78 32 0.65 2.3 35 Paleosol 


H10 9 5.9 3.1 11 0.07 0.3 0.06 0.09 0.06 <0.01 2 0.91 35.0 35 Ash/topsoil 


H11 9 5.9 3.3 10 0.10 0.2 0.04 0.10 0.07 0.01 2 1.10 11.1 35 Ash/topsoil 


H15 12 5.8 3.8 70 0.10 1.8 0.16 0.19 4.16 0.27 10 0.82 3.1 48 Paleosol 


H17 12 5.2 13.4 10 0.28 1.8 0.39 0.23 2.85 0.23 6 0.80 19.5 48 Ash/topsoil 


H19 16 5.6 31.8 4 0.38 17.7 2.27 0.11 5.07 0.27 28 0.79 0.0 65 Paleosol 


H20 16 5.9 24.0 15 1.32 7.8 1.60 0.19 3.60 0.29 15 0.87 7.8 65 Ash/topsoil 


H21 16 5.8 25.4 5 0.54 7.6 1.69 0.06 2.68 0.20 14 0.86 0.0 65 Paleosol 


H22 16 5.8 22.6 6 0.42 3.5 0.53 0.12 1.43 0.11 6 0.93 15.2 65 Ash/topsoil - cultivated 


H23 20 6.0 13.6 6 1.18 9.4 2.53 0.10 4.43 0.39 16 0.80 1.8 70 Topsoil 


H24 20 6.6 3.3 2.5 0.13 0.8 0.22 0.07 0.08 <0.01 3 1.18 0.0 90 Ash - wind reworked 


H25 40 7.0 5.5 7.8 0.33 12.6 2.32 0.21 0.86 0.08 15 0.93 5.0 98 Topsoil 


H26 42 7.0 16.6 4.0 1.74 20.7 3.52 0.10 4.17 0.37 26 1.03 6.0 98 Topsoil - cultivated 


H27 42 7.0 4.2 1.0 0.51 23.4 5.38 0.18 2.82 0.26 29 0.99 15.0 98 Paleosol 


H28 44 6.6 10.9 38.8 0.62 22.4 10.80 0.35 2.37 0.19 35 1.02 0.0 100 Topsoil - cultivated 


H29 64 8.0 18.8 49.5 2.52 90.1 11.24 1.84 2.89 0.22 * 1.06 3.6 145 Topsoil - cultivated 


H30 68 6.9 11.8 5.0 1.47 18.8 5.41 0.15 2.76 0.22 26 1.05 0.4 120 Topsoil - cultivated 


H31 69 8.0 3.9 1.3 0.74 25.7 3.55 0.22 0.80 0.06 * 1.19 0.0 121 Topsoil 
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6.4.3 Water supplies 


Settlement patterns in the region are closely related to water access.  Pockets of intensive 


agriculture and horticulture have developed with irrigation in areas at Puerto Ibáñez, Chile Chico, Los 


Antiguos and Perito Moreno.  In general, surface waters are used for irrigation, and groundwaters 


and spring-fed supplies are used for municipal supply (except at Puerto Ibáñez).  In the upper Ibáñez 


valley, spring fed water supplies remained relatively clear, even after heavy ashfalls and throughout 


the period of wind-blown ash.  The Puerto Ibáñez drinking and irrigation water supply is fed via an 


open channel from natural springs in hills north of the town.  This supply was contaminated with 


high turbidity following the 1991 ash fall, and for periods of several days following subsequent ash-


storms up until 1994-95.  This deterred people and livestock from drinking the water.  No chemical 


metallic taste was noticed, suggesting there was little leaching of metallic salts from the ash (Stewart 


et al. 2006).  Sedimentation of farm surface water supplies (open river intakes and a ditch irrigation 


network) occurred following the ashfall and ash storms, which blocked irrigation channels in many 


places.  Blocked ditches required on-going, time consuming cleaning operations for 2-3 years in 


Puerto Ibáñez, Chile Chico and Los Antiguos. Some abrasion damage also occurred to metal fittings 


in irrigation systems (Wilson et al. submitted-c). 


6.4.4 Psycho-social trauma 


Several interviewed farmers emphasised the high mental stress and severe economic, physical and 


emotional hardships that the ashfall caused. These were driven by the physical impacts on livestock, 


the extended and repeated periods of darkness during ash-storms, the transformation to a dull and 


grey landscape, continual water supply issues, household contamination by ash, fears for health and 


livelihood, and lack of awareness or control of events.  Many people needed assistance for 


depression.  Others were driven from the region.  One farmer reported her husband “went into a 


depression that he never really got out of”.    


The community at Puerto Ibáñez, both in town and its surrounds, lost 30% of its 4,000 population to 


other regions following the 1991 eruption.  This was not from widespread farm abandonment 


following the ashfall, as within the upper Ibáñez valley and the Argentine steppe, rather it reflected a 


slower decline. Farmers attempted to continue farming, but after several years of failed crops, slow 


recovery of soil fertility and selling off livestock to raise income, many had to sell their land at very 


low prices and relocate. Remaining farmers adopted a risk-averse approach to farming where 


possible, keeping stock levels to an absolute minimum and increasing savings (Oscar Albornoz, 


Puerto IBanez Municipal Secretary, pers comm., 2008).  For those who could not sustain an income 


from farming, one of the greatest challenges was trying to find alternative employment in the 
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region.  The municipality attempted to offer re-training courses and workshops for struggling 


farmers, but there was extremely low uptake (O. Albornoz pers comm., 2008). 


6.5 Farm Abandonments 


Widespread farm abandonments (of >3 year) occurred in two areas with different climate, 


agricultural practices, and which received very different ashfall depths; the upper Ibáñez valley west 


of Puerto Ibáñez (800 to >2000 mm ash), and the steppe region of extensive pastoral ranch style 


farming (<75 mm ash).  Most farmers initially believed they would only need to evacuate their farms 


for days to weeks.  But once their resource and employment base was destroyed they were forced 


from their lands.  There was either no resale market for the farms or prices were significantly below 


pre-eruption value and farmers were not prepared to accept them.  This created a significant social 


problem, because it ruined the financial equity of farming families, and because most only knew this 


livelihood, they had few other employment prospects. Many also said they had hoped to return in 


the short term, citing strong family ties and emotional attachment to the area.  In general, elderly 


farmers were more likely to evacuate their farms and were less likely to return, citing they did not 


have the physical or emotional energy to try to recover from the eruption event.  The impact of the 


loss of financial equity was highest for elderly farmers, who either expected to retire on their land or 


use the money from the sale of their farm to support their retirement.  Others reported not having 


the financial capacity to bring farms back into production, despite available credit assistance.  This 


was particularly the case on the steppe.  Three farmers at Tres Cerros or Puerto San Julian 


maintained significant other business interests to provide financial security. 


Many abandoned farms in the Ibáñez valley have been re-occupied, with the exception of areas with 


>2 m of ash.  The key determinant was vegetation recovery.  In the ecologically and climatically 


similar Ibáñez valley and irrigated regions surrounding Lago Gen. Carrera/Buenos Aires increasing 


ashfall depth led to longer abandonment ( approximately 1 year of abandonment per 60 mm of 


ashfall) (Figure 6.4).  In the Ibáñez valley many farms close to Cerro Castillo (100-300 mm ashfall) 


were inhabited again within 1-5 years.  Farther up the Ibáñez valley, the length of farm 


abandonments directly increased with ash thicknesses (Figure 6.4).  In the central part of the plume 


in the upper Ibáñez valley with >1 m ash some farmers only returned after 13-15 years.  Even so, 


very limited farming was occurring as late as 2008 despite re-habitation.  Areas with greater than 1.5 


m ashfall did not support any farming in 2008.  Some farms diversified and changed land use 


practises.  In the upper Ibáñez valley with >1 m farmers mostly now rely on lumber and fire wood 


extraction as the new source of income.  Some farms were planted in exotic pine forest after the 
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eruption.  Further details of farm abandonments and evacuations as a result of this eruption are 


given in Wilson et al. (submitted-d). 


 


Figure 6.4: Time till farm reoccupation following the 1991 Hudson eruption 


 


6.6 Managing Agricultural Recovery 


Farms that were not abandoned in the ashfall zone, used a variety of agricultural, economic and 


social recovery strategies.   


6.6.1 Livestock evacuation  


Fear of health impacts on livestock, livestock feed availability, slow pasture recovery and the threat 


of future eruptions motivated the evacuation of thousands of livestock (particularly cattle) in the 


Ibanez valley and from Chile Chico, Los Antiguos and Perito Moreno (Wilson et al. submitted-d).  In 


addition to animal welfare considerations, livestock evacuations attempted to protect farmer 


capital.  However, the cost of evacuating livestock was beyond the means of most farmers and no 


one had livestock insurance.  Evacuated animals could not be quickly returned to their home farms 


because feed was buried under ash, supplementary feed exhausted and insufficient additional feed 


was brought into the area.  There was also insufficient grazing land available in refuge areas and it 


was expensive.  Most farmers were forced to sell their animals for low prices due to their poor 
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condition and a market glut (Don Julio Cerda Cordero, SAG Veterinarian pers comm., 2008).  This loss 


of equity greatly reduced the ability of farming families to recover from the effects of the ash fall, 


having to wait till their farms could sustain livestock again and they could raise the capital to buy 


new livestock (which had returned to normal prices).  Traders came from outside the region to take 


advantage of the cheap livestock and in some cases cheap land.  In one instance a trader used a false 


account to buy cheap livestock and land from desperate farmers, using false cheques to pay.  Whilst 


this individual was prosecuted, such experiences caused even further distress for affected farmers 


(Don Julio Cerda Cordero pers comm., 2008).   


6.6.2 Rehabilitation of Soils  


The rehabilitation of soil to produce pasture and crops was a priority.  Physical fertility may be 


maintained for 10s to even 100s of years if the soil maintains a low bulk density and moderate 


contents of organic matter and clay minerals for cation exchange (Shoji et al. 1993).  Chemical 


fertility however is often lost over time after ash burial, as essential elements leach out.  Given 


sufficient time uncovered soil can be restored with vegetation and fertilisation more readily than 


trying to develop a new physical medium from the new ash deposits (Wilson et al. submitted-b).  


Natural soil recovery can occur by natural erosion of unconsolidated ash exposing the buried soil.  


Surviving vegetation (such as deep rooted trees) may also provide organic matter for new soil 


formation (Ort et al. 2008).  In a moist environment this may take several decades and in a semi-arid 


environment up to 1000 years (Rees 1979; Bocco et al. 2005; Ort et al. 2008).  Such time frames are 


unacceptable for farmers willing to remain working the land.  At Parícutin, Mexico the best way to 


rehabilitate arable land was to cultivate tephra into the buried soil beneath (Rees, 1979; Luhr & 


Simkin 1993; Ort et al. 2008).  Similarly Chilean and Argentinean farmers tried cultivation and often 


returned to cropping, which also stabilised the ash deposits.  The techniques used depended on the 


type and intensity of farming; access to resources, credit and irrigation.   


Upper Ibáñez valley farmers in areas of heavy ashfall (>0.5 m) had some success spreading different 


varieties of grasses on the ash/soil, including indigenous and foreign ryegrasses and red and white 


clovers.  Hay was spread on the ash to increase organic content and provide a mulch.  It proved too 


expensive and the ash too thick to cultivate it into the buried soil.  Application of fertiliser was 


ineffective due to its rapid leaching (coarse grain size of the ash).   Vegetation recovery was highly 


dependent on soil moisture retention, with depressions and irrigated areas recovering most rapidly.   


Intensive pastoral and horticultural farmers at Chile Chico, Los Antiguos and Perito Moreno found 


ash cover >50 mm halted agricultural production and required immediate treatment.  Tractor 


mounted-ploughs (chisel and furrow ploughs) or -rotary hoes were used to mix the ash into the soil.  
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Regular mixing with hand hoes and spades was required for several years afterwards.  Cultivation 


with deep harrows (tine ploughs) was effective for <70 mm deposits whilst furrow and disk ploughs 


were most effective for ash  up to 150 mm, but could be used on uncompacted ash up to 250 mm.  


In topographic depressions and where ash deposits had been over-thickened by reworking up to 400 


mm, ploughs could not penetrate.  In such cases farmers waited for the wind to erode the ash cover.  


Some farmers used rakes and shovels to mix the ash into the ground to beneficial effect, achieving 


greater yields after 2-3 years (Valdivia 1993).  Some farmers in Chile Chico dug out buried alfalfa 


crops and topsoil and buried the ash beneath.  It took 2-3 years for new alfalfa to grow back, despite 


continual planting.  Horticultural production began again within 3-24 months and pastoral farmers 


reported adequate pasture cover within 3-48 months; a faster recovery than in Puerto Ibáñez 


despite thicker ashfall.  Hard ash crusts required several passes of chisel or furrow ploughs to break 


it up.  Some farmers saturated the ash with irrigation water, which eventually allowed water to 


percolate through to the soil beneath. One farmer unsuccessfully tried to flood his paddocks to 


break up the hard cap and wash it away.  Following several crop rotations coarser lapilli now 


accumulates on the soil surface, requiring additional deep ploughing and mixing.  Horticulturalists 


who intensively cultivated soils reported increased yields within 1-5 years. 


Intensive pastoral and horticultural farmers in Puerto Ibáñez did not generally cultivate their land 


due to the cost.  Crops and pastures took up to 10 years to fully re-establish.  In some instances, land 


had to be retired or changed from cropping to pasture production due to the poor soil growth 


response.  Pastoral farmers in these areas reduced stocking rates and relied on trees to supplement 


poor pasture growth. Uniquely in Puerto Ibáñez a grader was used to strip/grade 100-150 mm ash 


deposits off some farms close to the township 1-2 weeks after the ashfall.  The ash was collected 


and dumped as an extension of the municipal road and town cleaning program.  In these areas rapid 


crop and pasture recovery occurred, often to levels expected during normal spring growth.  


Rehabilitation methods were complicated by ash storms which damaged recovering vegetation, 


particularly during an intense period of high winds 3-4 months following the eruption, and each 


spring for 3-10 years afterwards (Wilson et al. submitted-a).   


The success of pasture re-establishment across the study area is summarised in Table 6.5, with data 


from farmer interviews and field mapping allowing a comparison between pasture recovery time 


across the region, and deflect ashfall thicknesses and rehabilitation techniques.  Regions with similar 


climates, soil conditions and land-use intensities and activities selected.  Note that the steppe has 


not been included because a long period of windblown ash (ash-storms) hindered pasture recovery 


(Wilson et al. submitted-a). 
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Table 6.5: Summary of pasture reestablishment in the Ibanez Valley and Irrigation Valleys 
 


Ibanez Valley 


Unconsolidated 
Ash Depth (mm)* 


Compacted ash 
depth (mm) ** 


Pasture recovery (years)*** 


Unassisted Assisted Treatment 


<50  <30  0.1-0.5  No data -- 


 50-150  30-80  1-2  No data -- 


 150-300  80-150  1-5  No data -- 


 300-500  150-350  2-8  1-5 Stripped ash; seeds spread 


 500-1000  200-700   8->17  5-8 Hay put down; seeds spread 


 >1000  >1000  12->17  10->17 Spread seeds & fertiliser 


 


Irrigated Valleys 


Unconsolidated 
Ash Depth (mm)* 


Compacted ash 
depth (mm) ** 


Pasture recovery (years)*** 


Unassisted Assisted Treatment 


 <20 <10 0.01-0.1  0.01  Spades; hoes; irrigation 


 20-50 10-30 0.1-2  0.01-0.1  Cultivation; irrigation 


 50-100 20-70 0.3-5 0.1-2  Cultivation; stripped ash 


 100-300 50-100 0.5-5  0.1-3 Cultivation 


 >300  100-150 2-10     Waited for erosion 


 
* Farmer estimate 
** Measured in field and correlated with Naranjo et al. 1993 
*** Sufficient to sustain pastoral agriculture  


 


6.6.3 Uncertainty 


During the emergency response and recovery from the 1991 eruption of Vulcan Hudson farmers 


uncertainty of the human health impacts, motivating many to evacuate.  In the longer term 


significant uncertainty also surrounded the length of time vegetation production and soil resources 


would take to recover.   In hindsight some farmers in Chile Chico said that they would not have sold 


their livestock, because now they know that grass can grow back even with 30-50 mm ash.  The 


confusion and uncertainty at the time, coupled with the poor condition of livestock, led them to sell.   


The severe on-going impacts from ash storms which acted to suppress local and regional agricultural 


recovery were an unexpected and complicating factor for recovery.    
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6.6.4 Irrigation Access 


Access to irrigation water was initially an important vulnerability for high intensity farmers, with 


irrigation canals blocked by heavy sedimentation following the ashfall (Wilson et al. submitted-c).  


After 1-3 years of restoration, irrigation could again satisfy the water demands of young plants even 


with the lower water-holding capacities of the new soils (Wilson et al. submitted-a; c).  Farms 


without irrigation took significantly longer to recover; at Perito Moreno, for example it took >5 years 


for pasture to recover (Shaquib Hamer pers comm., 2008).   


 


6.6.5 Government assistance 


Government agencies played an important role in the agricultural response and recovery from the 


ashfall.  In all impacted areas Chilean and Argentine government agricultural agencies, civil defence 


and military staff were deployed to the region to assess the impacts, and the aid required, ensure 


basic needs were met, and assist in the recovery process.  Interviews with staff indicated the 


emergency response was hindered by the lack of a clear emergency response plan. A number of 


government agencies active in the region attempted to respond to their own requirements with 


little co-ordination. Over the first 4-8 weeks, assistance centred on providing evacuation 


coordination for humans and animals and providing supplementary livestock feed.  In Chile 


government agencies assisted through into the recovery phase by providing credit (e.g., for 


cultivation of ash) and advice for farmers on post ashfall adaptive strategies. These included the use 


of appropriate seeds, soil management, use of plastic sheeting to protect against wind erosion, and 


diversification of production through the introduction of green houses (for horticulture). There were 


no direct measures to assist farmers resettle elsewhere, or any ongoing social welfare support.  


There was apparently little assistance from central government for those who did not own land (i.e. 


social welfare).   


There was no resale market for farms devastated by thick ash deposits, therefore the Ministry of 


Public Works (manages Chilean government land) offered to purchase abandoned farms within 60 


km radius of the volcano.  The payment was significantly less than the pre-eruption value, but 


provided famers with the means to relocate and take up other employment opportunities.  Original 


farmers were given the first right of re-purchase, which successfully catered for the strong emotional 


attachment farmers had with the land.  Some farmers have used this clause to return. 


There was good farmer uptake of credit assistance in both Chile and Argentina.  Argentine farmers 


who attended agricultural extension workshops described the programs as excellent.  But there was 
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relatively poor participation at similar programmes by farmers in Chile.  Agricultural officers and 


municipal officials commented that the scale of the disaster seemed to have overwhelmed some 


farmers, resulting in a dependence mentality where farmers expected the government to pay for all 


restorative actions (Oscar Albornoz pers comm. 2008).  The former Governor at Chile Chico, Sn. Juan 


Mercegui, (pers comm., 2008) said farmers were angry that the government did not hand out aid 


(material goods or money).  Yet, when potato and grass seed were distributed to farmers, it was 


mostly sold off.  Only a small minority of motivated farmers took advantage of the aid programs 


offered and used the techniques to farm their way out of the situation.  As a consequence there has 


been limited change in farming techniques following the eruption, beyond the widespread and 


successful adoption of greenhouse cultivation in the lower Ibáñez valley.  Farmers simply reduced 


their stock rate or horticultural production.  There was no adoption of seed varieties suitable for 


growing in ashy soils.  The prohibitive cost of plastic sheeting meant this was not widely used, 


despite its apparent success at mitigating erosion during ash storms.  Some farmers in the lower 


Ibáñez valley have now diversified into tourism, opening camping grounds and home-stays.   


In the distal parts of the plume, crop failures and dramatic drops in livestock and wool production 


led Argentina to provide an aid subsidy to farmers.  By comparing government records of farm 


productivity before and after the ashfall, the level of impact was calculated and the subsidy assessed 


accordingly.  Most farmers in Perito Moreno reportedly took advantage of the government subsidy 


to buy more livestock, whilst others used it to relocate from the area.   


The ashfall created some opportunities for agriculture.  A key government aid measure for the Chile 


Chico area was restoration and expansion of the irrigation system.   Inspired by the relative success 


of the Los Antiguos irrigation system, the scheme has greatly aided recovery in the area and 


stimulated significant additional agricultural activity and intensification by providing reliable and 


relatively secure water access for livestock and increasing horticultural farming practices. 


6.7 Productivity changes 


Farmers undertaking intensive farming in the irrigated valleys made greater use of resources and 


technology which allowed them to recover better.  Mechanical mixing of ash into soil was possible 


on the smaller fields, but could not occur in the larger, less intensively farmed upper Ibáñez Valley 


and steppe regions.  The greater access to graders, tractors, ploughs, and established improvements 


such as wind breaks, did much to mitigate the effects of the ashfall and ash-storms.  The more 


productive horticultural farms were able to apply fertiliser and cultivation treatments enabling them 


to recover successfully.  An important distinction is that whilst many intensive horticultural farmers 
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evacuated for months to years during the ash-storms period, few abandoned their farms in the long 


term in contrast to extensive pastoral famers (Wilson et al. submitted-a).   


The steppe region was agriculturally in decline prior to the 1991 eruption, due to several years of 


drought and a harsh winter compounding the feed crisis.  Farmers were also constrained by an 


overall poor economic situation due to low commodity prices and had low cash reserves and high 


livestock numbers retained in the hope of improved future prices. The area also had dominantly a 


mono-commodity (sheep) farming system from which was near impossible to diversify from.  Steppe 


farmers thus required greater financial capital to successfully return to farming, as they needed to 


purchase a large number of livestock to profitably farm in the region.   The ash fall and on-going 


impacts of the ash-storms, ultimately accelerated many farmers to abandon their previous farming 


practises.   


Interviewed farmers were asked to estimate the change in productivity their farm has experienced 


between the 1991 eruption and 2008 (Figure 6.5; Table 6.2). Production of farms with >300 mm ash 


in the Ibáñez valley decreases with increasing ash depth, similar to the trend in farm abandonments 


(Figure 6.4).  Farms with < 300 mm of ashfall show productivity changes linked to availability of other 


factors such as irrigation, soil mixing etc (as discussed in section 5.5).  The cluster of farms from Chile 


Chico and Los Antiguos are all high intensity farms with access to irrigation at which ash was 


cultivated into the soil.  The two farms on the Argentine coastal steppe have only recently been re-


inhabited and maintain other commercial interests to remain economically viable. 


6.8 Summary 


The 1991 Hudson ashfall and subsequent reworking of the ash during ash storms contributed to 


significant and prolonged impacts and recovery challenges for agriculture in Chile and Argentina.  


Although the length of the eruption was only 4 days, the ash volume erupted was large (4.3km3 bulk 


volume). Lessons from the eruption are therefore invaluable for future large eruptions.  


Volcanological factors were important controls on the initial impact, such as depth of ash, grainsize, 


and soluble salt content as well as the timing of the eruption.  The lack of significant concentrations 


of toxic soluble salts on the ash led to physical impacts vastly more damaging than chemical impacts.  


This differs from smaller eruptions such as at Ruapehu or Hekla where the reverse occurred 


(Thorarinsson 1979; Cronin et al 1998).   Confusion around this issue highlights the value of rapid ash 


analysis to inform emergency response and recovery.   


Pastoral farmers were impacted by ashfall burial of vegetation, which was remobilised by wind, 


further suppressing the recovery of vegetation.  Starving livestock were dependent on 
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supplementary feed, which if unavailable resulted in destocking, either through evacuation and 


forced sale, or death.  Livestock also suffered physical impacts from the ashfall.  Poor livestock 


health and saturation of the market resulted in lower livestock sales and consequently a major 


reduction in farm equity.  The lack of reliable records of Chilean livestock populations severely 


inhibited evacuation and feeding efforts, and the very poor condition of livestock often made 


evacuation uneconomic.  Also the lack of capacity within the local livestock market and lack of 


available grazing to deal with the influx of livestock were important contributors to economic 


hardship in the region.  Rebuilding herds depended on access to feed supplies (vegetation recovery) 


and access to sufficient credit.  Real or perceived impacts on human health from the ashfall, forced 


farm evacuations in the short-term.  Long-term farm abandonment occurred in areas of heavy 


ashfall (upper Ibáñez valley) and in areas of highly stressed farming systems (in the steppe).  By 2008 


some farmers had returned to abandoned farms where vegetation had partly recovered.  Returnees 


were motivated by the stabilisation of wind-remobilised airborne ash, the emotional attachment to 


their land and local communities were key drivers.   


 


 


Figure 6.5: Farmer perception of productivity change following the 1991 eruption of Vulcan 


Hudson 
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The impacts of ashfall on mixed (pastoral and horticultural) and horticultural farms were less 


important initially since crops were not planted during the winter when the ashfall occurred.  


Farmers also typically had the equipment and resources to cultivate the ash into the soil.  Crops 


were badly affected by later ash-storms.   


Where the intensity of impact did not overwhelm, a variety of agricultural, economic and social 


strategies were used in emergency response and recovery.  Ultimately it was the economic and 


social ‘health’ of the farming system that determined recovery performance (Lyons 1986).  Thus 


damage to agriculture did not decrease with distance from the volcano, rather stressed farms 


impacted by relatively thin ashfall hundreds of kilometres from the volcano failed, whilst closer 


farms with comparatively heavy ashfall, returned to agricultural production.   Recovery was not 


necessarily a return to the previous state, but rather a return to profitable and sustainable farming.   


Previous studies have suggested volcanic disasters may act as catalysts accelerating the rate at which 


adjustments in economic and social systems occur. Community resilience is thus probably 


dependent on pre-existing social, economic and political conditions as well as post-disaster 


responses, relief efforts, mitigation strategies and longer-term rehabilitation programmes (Boyce, 


2000; Tobin & Whiteford 2002).  The mono-agricultural system of sheep farming in the steppe region 


proved less resilient than the diverse horticultural and pastoral mix in the irrigated valleys, which 


allowed more rapid adaption through diversification (Reycraft & Bawden 2000).  Natural advantages 


and greater investment in capital improvements led to greater initial damage potential, but 


ultimately provided greater capacity for response and recovery.  Better soils, climate and 


significantly greater access to technological improvements such as cultivation tools, irrigation and 


wind breaks were advantageous, such as at Chile Chico, Los Antiguos and Perito Moreno.  Cultivation 


increased chemical and physical soil fertility, especially when used in combination with fertilisation 


and irrigation.  Appropriate use of seeds and cropping techniques within the new soil and growing 


conditions was important.  Access to water was a significant advantage.  Due to changes in soil 


properties, there were higher water demands.  Diversification of farm production was found to be 


successful in mitigating the ashfall impacts on high intensity farms.  Extensive and low intensity 


farms had few options other than destocking.  Financial reserves and access to credit were 


important whilst vegetation and soil recovery occurred, but unless spent wisely only delayed 


inevitable farm sale or abandonment.   


The large geographic extent of the impacted area was a barrier for emergency response, resulting in 


isolation of some communities.  At Chile Chico (Chile) initially only Argentine emergency responders 


were available to assist.  In the longer term the political outrage of this ‘embarrassment’ led to a 
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proportionally more generous aid response for Chile Chico, such as the expansion of the irrigation 


system.   


Government agencies had a vital role in the dissemination of key information on appropriate farm 


management responses, provision of emergency assistance through ash chemistry analysis, 


evacuations and welfare and in the longer term to facilitate recovery, such as technical and credit 


assistance.  Initially Chilean and Argentine agricultural agencies coordinated livestock evacuation and 


emergency feed, and in the longer term provided advice on soil and farm rehabilitation strategies, 


provided machinery and implements for rehabilitation strategies, and perhaps most importantly 


provided credit assistance.  In extreme cases the Chilean government purchased heavily impacted 


farms, but gave farmers a first right of re-purchase, allowing farmers the opportunity to relocate but 


maintain ties with their land.  This engagement with farmers was important, promoting agricultural 


education and assistance programmes, which can empower farmers to make appropriate farm 


management decisions, otherwise a fatalistic dependence-mentality may take over.  A significant 


issue for government aid managers to consider was whether previous farming practices were viable 


following the heavy ashfall and whether further investment was worthwhile.  Government aid had to 


be carefully considered to empower farmers to recover as efficiently as possible, but at the same 


time did not subsidise unsustainable farming practises. 


Ultimately the success of recovery was determined by the farmer.  The adoption of mitigation and 


adaption measures required a complex trade-off between yield expectations, projected costs, 


available physical/technical practises and, most importantly, the physical, intellectual and emotional 


capacity of the farmer to achieve success.  The adaptive capacity of a farmer was vital, including the 


emotional and physical energy and commitment to rebuild the farm, participating in aid 


programmes, and make robust decisions about the future.    


Future work should track whether it was economically and/or socially better to stay and farm, or 


leave early, and return once conditions allowed. That many farmers attempted to return, citing 


strong emotional attachment to the land, suggests that psychosocial drivers outweigh economic 


drivers in some cases.   
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ABSTRACT 


The June 2006 Canterbury snowstorm caused widespread impacts to the Canterbury region, 
resulting in a major regional emergency response.  The result of a large atmospheric 
depression moving across the South Island from the Tasman Sea, snowfall was experienced 
across much of the South Island on the evening of 11-12 June 2006.  By the late morning of 
12 June much of southern and central Canterbury was covered by a significant thickness of 
snow.  Urban and rural communities across the region suffered widespread disruption of 
lifeline services, in some cases for extended periods.  The greatest impacts were 
experienced in Ashburton, Mackenzie, Timaru and Waimate districts. 
 
There was particularly widespread and severe damage to electrical distribution networks due 
to the heavy weight of the dense, wet snowfall.  Telecommunication services failed as 
batteries in exchanges were unable to sustain services once mains power was lost.  
Disruption of transportation networks by the snow for periods of a few hours to several days 
hindered the emergency response.  The rural sector in particular was heavily impacted by 
loss of electrical power services and telecommunications for an extended period of time (up 
to 3 weeks in some areas).  Livestock losses were minimal on most farms, although the loss 
of condition resulted in a considerable reduction in many farms’ productivity.  Widespread 
damage occurred to fences, trees and some buildings.  
 
To investigate the impacts of the June 2006 snowstorm and assess how responding 
agencies managed the event, a survey was sent to 92 individuals or organisations involved 
in the emergency response to the snowstorm approximately 12 months after the event.  The 
survey aimed to record damage experienced as a result of the June snowstorm event, 
impacts on urban and rural communities, the effectiveness of organisations’ response plans 
for the snowstorm event, warning and reaction to the snowstorm event, and what lessons 
can be learnt for dealing with future snowstorms. This report presents the results of the 
survey in table format, with limited interpretation and analysis in the final section. 
 
 
 
 
 


KEYWORDS 


Snowstorm, snow, physical impacts, social impacts, emergency response, Canterbury 
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1.0 INTRODUCTION 


On the evening of 11-12 June 2006 a large depression caused snow to begin to fall across 
the Canterbury region.  By the late morning of 12 June much of southern and central 
Canterbury was covered by a significant thickness of snow.  The snowfall, along with high 
winds, caused disruption across the region in urban and rural communities.  In particular 
there was widespread disruption of power, telecommunications and road networks.  In some 
cases disruption continued for extended periods of up to 3 weeks.  The greatest impacts 
were experienced in Ashburton, Mackenzie, Timaru and Waimate districts.   
 
Electrical distribution networks suffered particularly widespread and severe damage due to 
the relatively heavy weight of the snow.  Telecommunication services failed as batteries in 
exchanges were unable to sustain services once mains power was lost.  Disruption of 
transportation networks by the snow for periods of a few hours to several days hindered the 
emergency response. Rural communities in central and south Canterbury were heavily 
impacted by loss of electrical power services and telecommunications for an extended period 
of time (up to 3 weeks).  Livestock losses were minimal on most farms, although the loss of 
condition resulted in a considerable reduction in farm productivity.  Widespread damage 
occurred to fences, trees and some buildings.  
 


1.1 12 June snow storm event 


1.1.1 Previous snow storms 


A number of large snow storms have been experienced in Canterbury previously, with similar 
significant events occurring in 1945, 1967, 1973, 1992, 1996, and 2002.  Typically snowfall 
thicknesses are greatest in the high country and foothills areas of western Canterbury, with 
lower plains and coastal areas in the east receiving considerably less snowfall.  It is common 
for snow fall thicknesses to be highly variable across the Canterbury region during these 
events, which includes the 2006 event.   
 
In general, large snowstorms affecting the South Island of New Zealand are the result of 
rapidly deepening depressions from the Tasman Sea south-eastward across New Zealand 
(Hendricks, 2006).  When the pressure falls rapidly within the centre of these depressions it 
can lead to very large precipitation rates and consequently heavy rain or snowfalls, 
especially if the storm stalls over an area for more than 24 hours (Hendrikx, 2006). 
 


1.1.2 12 June 2006 meteorological conditions 


On 11 June 2006 a mid-Tasman sea depression (low pressure system) rapidly deepened.  
The depression tracked from the Tasman Sea south-eastward across New Zealand with a 
strong north-westerly air stream ahead and a very cold southerly flow behind.  Rapidly 
deepening depressions may be accompanied by high precipitation rates and consequently 
heavy rain or snow.  The centre of the depression passed over the northern South Island on 
12 June (Hendrikx, 2007).  Heavy snow began falling in Canterbury on the night of 11-12 
June and continued until the morning of 12 June. 
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It was reported by Hendrikx (2007) that strong vorticity advection at upper levels in the 
atmosphere (above 500 hPa or about 5 km) was the key factor behind the rapid deepening of 
the storm’s centre on 10-11 June.  This led to intense vertical motion in the northwest flow 
ahead of the front associated with the depression (commonly referred to as a moisture 
conveyor belt).  This resulted in heavy precipitation rates over the surface low and very cold 
air undercutting the front from the southwest, which caused the precipitation to fall to the 
ground as snow rather than rain (Hendrikx, 2007).   
 
The topography of the Southern Alps influenced the distribution and extent of the snow.  As 
the depression moved across the Southern Alps, the original centres of the system 
weakened on the western side, whilst new centres reformed off the east coast of Canterbury 
on 12 June.  To the south of where these centres reformed was where the most intense 
storm activity and great snow depths were experienced, resulting in southern Canterbury 
being significantly effected.  This complexity increased the difficulty in forecasting the extent 
and location of the snow storm (Hendrikx, 2007). 
 
The storm was classified as a ‘vorticity advection type’ storm by Hendrix (2007) after Neale 
and Thompson (1977).  The storms that occurred in 1945 and 1996 which both resulted in 
thick snow falls to Canterbury can also be classified as such storms (Hendrikx, 2007).  
 


1.1.3 Distribution of snow 


An approximate map of maximum observed snow depths for the Canterbury region was 
created by Hendrikx (2007) from interpolation of 53 data points (Figure 1).  Whilst no account 
of topography has been made within the map it is sufficient to provide an understanding of 
the snow depth across Canterbury. 
 
The following has been taken from Hendrikx (2006) as analysis of the distribution of snowfall 
thicknesses across Canterbury: 
 


The area from about Temuka to Rakaia had up to 30 cm down to sea level with 


increasing amounts towards the northwest and into the lower foothills.  Deeper 


pockets of snow were experienced around Methven and Lyndhurst Station.  Further 


south, most coastal areas (e.g. Timaru, Oamaru) had 20-30 cm of snow, while areas 


such as Glenavy and Studholme had less snow with maximums of 5-10 cm recorded. 


 


Inland areas around Farlie, Kimbell and Burkes Pass had much deeper snow than the 


Canterbury Plains, with depths commonly exceeding 70 cm.  Further west into the 


McKenzie Basin, snow depths decreased with 40-50 cm being more common across 


most parts. 


 


North of Rakaia, the snow depth decreased northwards and eastwards with 20-30 cm 


on the plains near Lincoln, decreasing to 5-6 cm on Brighton Beach in Christchurch 


and 10-15 cm in Amberly.   Deeper pockets of snow were experienced west of 
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Darfield with 75 cm recorded at Homebush Station.  Towards the foothills snow depth 


also increased with 50 cm in Springfield and 80 cm at Ryton Station. 


 


 


Figure 1: Maximum observed snow depths (cm) from the June 12, 2006 snow storm across the 
Canterbury Region.  Taken from Hendrikx (2006).  Note the snow depth interpolation surface only 
considers the data points and does not attempt to account for the effects of topography. 
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The intensity and severity of the snow storm surprised urban and rural communities.  
Snowfall had only been forecast to reach down to 500 m above sea-level, but heavy falls 
occurred at sea level across large areas (Figure 1).  Whilst inland regions typically receive 
some snowfall every year, snowfalls at sea level in Canterbury are rare.  The timing of the 
snowstorm was also earlier in winter than many previous snow events.   
 
The heavy weight of the snow and longevity of the snow impeded the initial response and 
eventual recovery.  The month of June in 2006 was the coldest in over 50 years, and 
successive frosts froze the snow so that it persisted in some areas for up to seven weeks.  
As the storm occurred early in the winter, there was significant concern of another snow 
storm impacting the region and greatly compounding effects. 
 


1.1 Method 


In April 2007, a questionnaire survey was sent to 91 individuals or organisations involved in 
responding to the snow storm approximately 12 months following the event.  The aim of the 
survey was to assess the impact of the event, document the response and recovery, and 
record lessons for future snowstorm emergency response.  Organisations surveyed were 
selected following a review of Canterbury Civil Defence and Emergency Management 
(CDEM) Group Situation Reports, media reports, and interviews with Jon Mitchell and John 
Fisher of Canterbury CDEM Group. 
 
The survey was designed to estimate: 
a) Damage and loss from the snowstorm to organisations; 
b) Preparations organisations had made for snowstorm hazards; and 
c) Performance of organisations during the snowstorm event and the interactions with other 


organisations during this crisis. 
 
All surveys were apparently successfully delivered.  A total of 27 responses were recorded 
(Tables 1 & 2).  This gave a survey response rate of 29%.  However, as different managers 
or department heads within one organisation (such as councils) were involved in different 
aspects of the snowstorm response, each manager was sent a survey in an attempt to 
document the complexity of the response.  With the exception of one organisation which 
returned two completed surveys, in all other cases only one survey which detailed the entire 
organisation’s response was returned from each organisation receiving multiple surveys.  
Therefore 26 responses were recorded from a possible 62 organisations giving a response 
rate of 42%.  When only lifelines organisations and emergency services (including councils 
and defence force) are considered, a response rate of 58% is recorded (15 responses from 
26 organisations).   
 
When interpreting these results it should be acknowledged this is a very small sample size.  
 
Mail questionnaires were our preferred survey method because of their cost-effective nature, 
and their ability to allow respondents to make considered responses to complex and 
interlinked questions. However, we acknowledge the problem of demographic bias in the 
sample associated with this method. As a consequence, the conclusions and 
recommendations suggested here should be viewed with this in mind (Leonard et al., 2004). 
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Table 1: Responding agencies 


Responding Agency Count 
Councils1 (Ashburton, Christchurch City, Selwyn, Timaru, Waimakariri) 5 
Electricity Suppliers/Lines Companies 5 
Transit 1 
Telecommunications Providers 1 
Stock and Station Agents 5 
Ministry of Education 1 
Emergency Services (Police) 1 
Defence Force 1 
Work and Income (Ashburton and Timaru) 2 
Federated Farmers Regional Managers 2 
Rural Service Providers 1 
RESPONDING ORGANISATIONS 25 


 
1: Surveys were sent to the Emergency Management Officer, Welfare Manager and Infrastructure Manager. 


 


Table 2: Area responding organisation is based  


Area Organisation Based Count 
Christchurch 2 
Waimakariri District 1 
Selwyn District 1 
Ashburton District 5 
Mid Canterbury 2 
Timaru District 2 
Twizel, Mackenzie and Waitaki Basins 1 
Central Canterbury 2 
Canterbury Region 3 
South Canterbury 3 
Rangiora 1 
North Canterbury 1 
Burnham 1 
TOTAL 25 


 


1.2 Format of the report 


This report follows the general format of the questionnaire, which can be found in Appendix 
1.  The first section presents information about the experience of responding organisations to 
natural hazard events and on the plans responding agencies have in place to deal with 
snow-storm (or other adverse) events.  It also reports on the inter-organisation co-operation 
within response plans, and what occurred during the snow-storm event.  The report then 
covers when organisations were warned, what their reactions and decisions were, 
implementation of their response plans, and how warning and hazard information was 
distributed to the community.  The report continues to cover what response actions 
organisations took to deal with the effects of the snowstorm, a catalogue of reported effects 
of the snowstorm, and the total costs of the snowstorm to each organisation.  The final 
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section details what long term effects and future impacts the snow storm will have on the 
organisation and on the wider community. 
 
This report is a collation of the responses from the survey with relevant comments and early 
conclusions in places.  It should not be considered a comprehensive impact assessment of 
responding organisations following the snowstorm event. 
 
Comments included within the report are given as by respondents from returned surveys. 
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2.0 NATURAL HAZARD EXPERIENCE AND RESPONSE PLANS 


2.1 Natural hazard management experience 


Respondents generally had a good level of expertise in dealing with natural hazard events 
(Table 3).  Nearly half (46%) had dealt with an event more than four times.  Only 3 of the 
responding organisations had never dealt with a snowstorm event (Question 2).   
 
Table 3: Organisation experience in natural hazard management  


Times involved in a natural hazard event Count % 
Never 3 11.5% 
Once 4 15.4% 
Two – four times 7 26.9% 
More than four 12 46.1% 
TOTAL 26 100% 


 
Respondents generally perceived themselves to have considerable (50%) or a moderate 
amount (38%) of personal experience in dealing with snowstorm events (Table 4).  The 
majority (69%) believed their agency had considerable experience in dealing with snowstorm 
events, with only 8% believing their agency to have very little experience (Question 3).   
 
Table 4: Perception of personal and organisation’s experience in natural hazard management  


Perception of personal 
experience Count %


Perception of agency’s 
experience Count %


Considerable 13 50.0% Considerable 18 69.2%
Moderate amount 10 38.5% Moderate amount 6 23.1%
Very little 3 11.5% Very little 2 7.7%
TOTAL 26 100% TOTAL 26 100%


 
2.2 Organisation’s response plan 


Nearly all responding agencies had a response plan for dealing with a snow-storm related 
disaster (85%, Table 5).  Only 15% of agencies had a specific snowstorm plan (Table 6).  
Most (69%) adapted another plan.  Fifteen percent didn’t have a response plan. 
 
Table 5: Presence of a response plan for organisation 


Did organisation have a response plan Count % 
Yes 22 84.6% 
No 4 15.4% 
TOTAL 26 100% 


 
Table 6: Origin of Response Plan 


Plan was based on Count 
Specific snow storm plans 4 
Adapting of plans 18 
TOTAL 22 
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Table 7 shows that most plans catered for technical or infrastructural problems, staff 
competencies/well-being, community issues and social issues.  Political and economic 
issues were dealt with less well. 
 
Table 7: Aspects the organisation’s response plan included 


Plan catered for Yes No No Response Total 
 Count % Count % Count % Total %
Technical/infrastructure problems 15 57.7% 1 3.8% 10 38.5% 26 100%
Staff competencies/well-being 16 61.5% 1 3.8% 9 34.6% 26 100%
Community issues 17 65.4% 1 3.8% 8 30.8% 26 100%
Economic issues 7 26.9% 6 23.1% 13 50.0% 26 100%
Political issues 10 38.5% 4 15.4% 12 46.1% 26 100%
Social issues 15 57.7% 2 7.7% 9 34.6% 26 100%


 


2.2.1 Inter-agency planning  


Table 8: Presence of inter-agency management planning 


Did plan include inter-agency management planning Count % 
Yes 17 77.3% 
No 0 0% 
No response 5 22.7% 
TOTAL (of responders with plan) 22 100% 


 
Table 9: Organisations or agencies included in response plans 


Agency Groups Agency included within response plan Count Totals
Emergency Services Emergency Services 1   
 Police 7   
 Fire 4   
 Ambulance (includes St. Johns) 3   
 Rescue Team NZRT12 1   
 Hospitals 2 18
Councils Christchurch City Council 1   
 Ashburton District Council 2   
 Canterbury Regional Council 3   
 Waitaki District Council 1   
 Mackenzie District Council 2   
 Waimate District Council 2   
 Timaru District Council 1   
 Local District Council 4 16


Infrastructure provider 1   Infrastructure Providers 
 Orion 1   
 Telecom 3   
 Roading contractors 2   
 Water Services contractors 1   
 Electricity Ashburton 2   
 Sewerage 1   
 Water Supplies 1   
 Electricity Distribution Companies and Generators 2 14
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Community welfare groups 2   Community Welfare 
Groups Neighbourhood Support 1   
 Red Cross 2   
 Salvation Army 1   
 Rural Women NZ 2   
 Victim Support 1   
 Country Women's Institute 1 10
Civil Defence Civil Defence 8   
 Ashburton District Council CD controller 1 9


Child Youth and Family 2   Government Social 
Welfare Agencies Inland Revenue 1   
 Heartlands Fairlie 1   
 Heartlands Twizel 1   
 Heartlands Waimate 1   
 Welfare agencies 2 8


MAF 3   Rural Support Agencies 
 Federated Farmers 4 7


Helicopter operators 2   
Transport operators 1   


Contractors involved in 
emergency response and 
recovery Truck Contractors 1   
 Earthmoving Contractors 1   
 4WD Club 1 6
Local Radio Local Radio 2 2


SPCA 1   Animal Welfare Agencies 
 Veterinary Services 1 2
County Agencies County agencies 1   
 Resource Centre Temuka 1 2
Key Communication Sites Key communication sites 1 1
Stock and Station Agents Key Branch Offices 1 1
 
There appears to be little linkage to the Canterbury CDEM group (Canterbury Regional 
Council, n=3; Civil Defence, n=8), which is surprising considering they are meant to be the 
strategic controlling body.   
 
The media was only included in two response plans (Local Radio, n=2).  
 
Approximately 30% (7) of respondents felt that no unexpected inter-agency issues emerged 
as a result of the response (Table 10).   
 
Table 10: Unexpected inter-agency issues that emerged as a result of the response 


Unexpected inter-agency issues that 
emerged as a result of the response Count % 
Yes 7 26.9% 
No 18 69.2% 
No response 1 3.8% 
TOTAL 26 100% 
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Problems with inter-agency interaction that were noted by respondents included (verbatim): 
 
 Severe problems with Rural Telephone Exchanges with flat batteries, due to power loss and 


pathetic Telecom response (issues still not addressed) despite promises; 
 Police - had to be encouraged to take part in the response & only then for one day. They had no 


problems so didn't realise/understand they could play a role in gathering information (door 
knocking); 


 Power Company - Excellent liaison & cooperation however lacked ability to provide restoration 
times; 


 Cell site (back up power limitations), key telecommunication sites (back up power); 
 Invitation to attend Canterbury Co-ordinating Executive Group teleconferences during event; 
 MAF never had a plan that enabled them to have an early recognition of the level of the effect of 


the snow on the rural community. Our Company offered our widespread network which wasn't 
utilised; 


 An expectation from the media the Ministry of Education closed schools in these circumstances 
when it is a School Board of Trustees decision; and 


 Local council did not make contact regarding Welfare issues. 
 
2.2.2 Response plan activation 


Table 11: Point response plan implemented 


At what point was the response plan implemented? Count %
No response plan 6 23.1%
On receiving warning 10 38.5%
On receiving impact assessment 8 30.8%
No response 2 7.7%
TOTAL 26 100%


 
Table 12: Time it took for response plan to become operational 


How long did it take for the plan to become operational Count %
Immediately 1 3.8%
1.5 hours 1 3.8%
2 hours 1 3.8%
4 hours – due to access difficulties 1 3.8%
0.5 days 3 11.5%
Less than 1 day 5 19.2%
1 day 5 19.2%
2 days 1 3.8%
No response 8 30.8%
TOTAL 26 100%


 
Table 13: Sense of time it took for response plan to become operational 


Sense Count % 
Longer than expected 1 3.8% 
As expected 16 61.5% 
Quicker than expected 1 3.8% 
No response 8 30.8% 
TOTAL 26 100% 
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2.2.3 Constraints to plan implementation 


Table 14: Constraints to plan implementation 


What constraints to plan implementation did you encounter Count 
No constraints 10 
Time for mobilisation 5 
Time to obtain resources 2 
Resources not available 2 
Inadequate coordination 2 
Not wanting to raise unnecessary alarm 1 
Inadequate communication with community members 1 
Inadequate communication with other agencies 1 


 


Issues identified by respondents: 
 
 Dependant on duration of the storm; 
 Advised after midnight of first snow, total extent of snow noted as reported; 
 Telecommunication failure; 
 None of the above applied as we just worked out what needed to be done & went and did it.  No 


communication so communicated verbally by travelling 20km to get people up & worked from 
there; and 


 No telephone, no power. 
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3.0 WARNING, REACTION AND INFORMATION AVAILABILITY 


3.1 Was warning given? 


Where clear warning is given before extreme climatic events, detailed and refined 
preparations can often be made by agencies likely to be involved in any response and 
recovery efforts.  However, in the case of the June 2006 Snowstorm there was limited 
warning of an event that was very difficult to forecast from metrological agencies. This 
reflected the degree of warning respondents felt they received, with less than half (46%) of 
the respondents believing they were not given any warning of the potential impacts of the 
snowstorm event (Table 15).  Twenty six percent of respondents said they had one day’s 
warning and the remaining 26% said they had more than one days warning (Table 15). 
 
Table 15: Warning received by organisation 


What warning were you given about the 
potential impacts of the snow storm event? Count % 
Not given any warning 12 46.1% 
One day 7 26.9% 
More than one day 7 26.9% 
TOTAL 26 100% 


 


3.2 Source of warning information 


Table 16: Agency which supplied warning information 


Agencies which supplied warning information Count 
Meteorological Service 14 
From within my organisation 6 
Television 4 
Radio 4 
District Council 3 
Ministry of Civil Defence & Emergency Management 2 
Regional Council 2 
Local Civil Defence 2 
Newspaper 2 


 


3.3 How was warning information received? 


Table 17: How warning information was received 


Did this information reach you in your official 
capacity? Count % 
Official  9 34.6% 
Other 6 23.1% 
No response 11 42.3% 
TOTAL 26 100% 
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Comments from respondents included: 
 
 As the manager of a company servicing the rural community from our staff network my 


organisation is constantly monitoring weather patterns & changes. Snow storm as well publicised 
in the public arena (newspaper, etc); 


 Phone calls to ex-army officer at CDEMG; 
 Radio weather warning; 
 Request for assistance from District Council while snow still falling (ipm 12/06/07); 
 Through own observations & communication with management & staff members; 
 Voluntary registration; 
 We monitor weather impacts, 2-4 hour indication; and 
 Weather forecast from radio/TV. 


 


3.4 What actions resulted on receipt of warning information? 


What action(s) resulted from the receipt of this information?: 
 
 Situation was monitored-don't impact on the City or Banks Peninsula as it do for Mid & South 


Canterbury; 
 Monitored situation, from low key activation of EOC. Links established with ES; 
 No practical action could be taken other than keeping people/agencies aware; 
 Had already spoken with Relief Co-ordinator (9am) and put contingency plan in place. Checked 


availability of volunteers; 
 As the snow predicted was not of a significant amount no special precautions of actions were 


taken. Snow is a normal occurrence for us and the 15-20cm predicted was not seen as a problem. 
Forecast at 20:37hrs Sunday the 11th of June; 


 Notified our contractors; 
 Ensured contractors and sub contractors were prepared and all necessary arrangements were in 


place; 
 Issue warning to staff of potential storm; 
 Organisational awareness within the Telecom Network Operations Centre and Field Force; 
 Mobilised staff in affected areas to contact and call on farmers to gauge the level of need; 
 Not much; 
 Preparing for extra needs required by customers before storm hit - more stock on shelves etc; 
 Activated Army response plan; and 
 The Mid Canterbury Emergency Relief Trust activated the Emergency Relief Headquarters at 


Federated Farmers Buildings. 
 
Responses from Question 13: What was your first reaction?: 
 
 Keep key personal within my organisation advised of the situation; 
 Monitor by Patrol and Reconnaissance; 
 Activate EOC, gain an appreciation of size and impact of the events; 
 Was aware at 6am that depth of snow 25cm and still falling heavily would be major event. 


Contacted high country farmers (phone tree) as often most affected. Checked snow levels across 
District (phone tree). Liaised with Council operations manager re state of roads-graders had 
started at 6am on priority roads (policy) but poor progress till snow ceased 2pm; 


 No problem, we may have some road access issues in the morning; 
 To cancel all planned work; 
 Mobilise repair teams as fault appeared on the transmission system. Ensured back up teams were 


prepared as storm intensified; 
 Prepare; 
 Heightened awareness; 
 The rural community had a problem based on our staff feedback; 
 Get plenty of wood in by the house; 
 Wait to see extent of problem; 
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 Possible disaster; 
 I went to work to assist with emergency response co-ordination; 
 Activated "OP AWHINA", prepared utilities & prepared for potential deployment; and 
 That this was not a very bad snow. Day two displayed the full impact of the damage caused. 


 


3.5 Warning and impact information availability 


Table 18: Perception of threat to the community following initial warning 


How serious a threat to the community did you think the 
storm event might be – after initial warning Count %
Very serious 3 11.5%
Somewhat serious 6 23.1%
Not serious  5 19.2%
Not sure  1 3.8%
No response 11 42.3%
TOTAL 26 100%


 
Table 19: Contact with others following warning 


On being informed, did you contact other people or 
agencies Count %
Yes  8 30.8%
No 8 30.8%
No response 10 38.5%
TOTAL 26 100%


 
Respondents were asked to list, to whom, when and what they information they shared 
following being informed of the snow storm event.  Many of the people contacted were in the 
rural sector (possibly related to responding population).   
 
To whom? 
 
 Liaison with the Canterbury CDEM Group & Emergency Co-ordination Centre (EOC); 
 EOC Managers, Police, Fed Farmers; 
 All (rural) relief trust members available; 
 Other transmission contractors from other areas; 
 Contractors; 
 Re mobilised on staff based on previous experience - concentrated canvas of the farming 


community to identify their needs and with 1 day of snow fall; 
 Civil Defence, Council; and 
 District Council, Federated Farmers, Helicopter reconnaissance. 


 
When? 
 
 During the storm on 12 June; 
 Once snow started; 
 9am - 6pm; 
 As the storm increased and fault appeared on the transmission system; 
 Straight away; 
 At first emergency co-ordination meeting; and 
 Day one. 
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What did you tell them? 
 
 Kept the Canterbury CDEM Group EOC informed; 
 Just heads up on situation and swap contact details; 
 Likelihoods of full alert when snow ceased. That operations centre would open 8am Tuesday if 


accessible (achieved), Current known state of services. Listen to radio; 
 Generally put contractors on alert in the North Island and asked them to prepare to be dispatched 


to the South Island to back up the current crews in the field; 
 Be on alert, gather resources; 
 Identified their needs and the extent of the stock problem; and 
 Arranged to fly over the high county to check where stock were. 


 
Table 20: Problems making a decision on available information 


Did you have problems making a decision based 
on information available to you Count % 
Yes  0 0% 
No 12 46.1% 
No response 14 53.8% 
TOTAL 26 100% 


 
Ten respondents (38%) believed they had the right amount of information to make decisions 
on their appropriate actions to take in response to the snow-storm (Table 21).  Only one 
respondent (4%) believed they didn’t have enough information and none believed they had 
too much information.  Note there was a high level of non-response to this question (58%). 
 
Table 21: Information load and availability 


Did you receive Count % 
Too much information 0 0 
The right amount of information 10 38.5% 
Too little information 1 3.8% 
No response 15 57.7% 
TOTAL 26 100% 


 
When respondents sought information about the snowstorm, 31% found it readily, whilst 12% 
found it difficult to obtain (Table 22).  Several sources were used by 31% of respondents 
when obtaining further information, whilst 12% required only one source (Table 23).  The 
sources listed by respondents included the Canterbury CDEM EOC, Meteorological services, 
media, and information sourced from within their own network (Question 19). 
 
Table 22: Information availability  


If you sought information, was it Count % 
Readily available  8 30.8% 
Difficult to obtain 3 11.5% 
No response 15 57.7% 
TOTAL 26 100% 
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Table 23: Information source availability 


Was the information you required obtainable from Count % 
One source  3 11.5% 
Several sources 8 30.8% 
No response 15 57.7% 
TOTAL 26 100% 


 
Respondents were asked to describe the source(s) of information they deemed necessary 
for their role (summarised in Table 24). 
 


Table 24: Key information sources for responding organisations during the snowstorm 


Agency Count 
Canterbury CDEM Group Emergency Operations Centre 3 
MetService 4 
Blue Skies 1 
Neighbouring Councils 2 
Local Farmers 2 
Roading Contractors 1 
Electricity Company 1 
Telecom 1 
General News Media 1 
Information sourced from own network/contractors in field 1 


 


3.6 Sources of information that need to be developed 


Respondents were asked what type of information/data they would like to see in hazard 
warning that would have assisted their decision making during the snow storm event (this 
has been aggregated in Table 25). 
 
Table 25: Aggregated responses of information that would assist in decision making during snowstorm 


General Issue Info. that would have assisted decision-making Count Total 
More detailed weather map - greater analysis of data 1
Depth of snowfall 1
Extent of snowfall (increased resolution in warning) 2
Likely duration of snowfall 1
When will the snow likely stop 1
How "wet" or heavy is the snow 2


Increased 
analysis/communication 
of snowstorm attributes 


Wind chill factors 1 9
MetService warning – recognising this is very hard! 4Increased Accuracy of 


weather forecast Rapid changes in weather systems 1
  


5
Likely impacts (i.e. road and community impacts) 3
Danger of fallen electrical wires 1
Rapid delivery of detailed snow depths post event 1


Impact of snowstorm 
  
  
  Actual impact information based on a farm call network 1


  
  
  


6
Community Education Measures on dos and don'ts in the event of a snowstorm 1  1
None  2 2
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Respondents were asked to list which sources of information they felt should be developed 
to promote better preparedness should such an eventuality occur in the future.  Responses 
were aggregated in Table 26. 
 
Table 26: Aggregated responses of information sources respondents feel should be developed to 


promote better preparedness should such an event occur in the future 


Groups Issue Count Totals
Better utilisation of existing local networks by Government agencies 1   
Improved distribution of warning, hazard and mitigation information 


at local level 1  
Improved co-ordination of national level response 1  
More regular welfare agency group meetings to share information 1  
Development of relief trust - to coordinate rural response effort  1  
Improved communication and links with community 1  
Improved dissemination of information from CDEM and District 


Council to responding organisations and wider community 1  


Coordination 
of response 


More rapid response by Central Government for relief funds 1 8
Estimation of impact intensity and magnitude 1   
Effective warning system 1  
More accurate forecasting 3  


Warning/ 
forecasting 


Earlier public warning of potential snowstorm events 2 7
Database of spare parts and specialised equipment 1   
Increased proactiveness by national bodies to increase awareness  2  
Universal snow hazard/risk communication in schools 1  


Readiness 


Greater assistance for business continuity planning 1 5
Implementation of promised upgrades to rural telephone exchanges 1   
Upgrade to rural power lines structure 1  
Protocol to work with power companies to influence restoration 


schedule 1  


Lifeline 
Services 


Improved resilience of telecommunications networks 1 4
Social 
Welfare  Improved support of family unit 1 1
 
Possible lack of coordination is highlighted by a series of comments, which identify areas to 
improve coordination at a national level down to specific elements at local levels, during the 
response phase.  Highlights here include receiving a faster response from central 
Government in regard to what relief funds are will likely be allocated.  There is also desire at 
a district or local level for better distribution of information from Civil Defence to response 
stakeholders and the wider community.  Access to information during an emergency 
response is essential to making effective decisions. 
 
Improved forecasting of snowstorm events is requested, although this is unlikely to change 
rapidly as such events are very difficult to forecast accurately.  The desire for information on 
the likely intensity and magnitude of impact is however something that meteorological 
services may be able to provide, even if this is only given during the event.   
 
Increased reduction and readiness measures are also noted, such as improved hazard 
awareness education strategies and access to business continuity planning.  A database of 
spare parts and specialised equipment for emergency response purposes has particular 
merit for all hazards and should be considered by local CDEM groups. 
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3.7 Warning the community 


Table 27: Presence of mechanisms in place to warn the community 


Did you have mechanisms in place to warn the community? Count %
No mechanisms 10 38.5%
Mechanisms in place 15 57.7%
No response 1 3.8%
TOTAL 26 100%
 
If the organisation had measures in place, they were asked to list them (aggregated in Table 
28). 
 
Table 28: Aggregation of mechanisms used by organisations to warn the community 


Group Mechanism Count Total 
Media release 3
Radio 9
Television 1


Media  


Newspaper 2 15 
Telephone Trees 7Telecommunication 
Call Centre 3 10 
General 2Internet 
Own website 1 3 
Schools 1
CDEM Lines & radio 
backup 2


Miscellaneous 


Political 1  
 
Table 29: Effectiveness of mechanisms to communicate warning information to community 


If these mechanisms were used, how effective were they in 
achieving their purpose? Count %
Very effective 9 34.6%
Somewhat effective 5 19.2%
Not very effective 1 3.8%
Not sure 0 0%
No response 11 42.3%
TOTAL 26 100%


 
 







 


 


GNS Science Report 2008/40  19 


 


4.0 IMPACTS OF THE SNOWSTORM AND RESPONDER MITIGATION 
ACTIONS  


4.1 Actions taken to deal with effects of the snowstorm 


Table 30: Actions taken to deal with the effects of the snowstorm 


Did your agency take action to deal with the 
effects of the snowstorm Count % 
Yes 25 96.2% 
No 1 3.8% 
TOTAL 26 100% 


 
Respondents were asked if their agency took actions to deal with the effects of the 
snowstorm. Responses are listed below: 
 
 Provided manpower & vehicle to District Councils affected by the storm; 
 EOC Activated, linkages established with contractors and ES, priority roads cleared, priority 


access sites cleared, our rescue team deployed to Ashburton and Waimate to assist gather data 
on people welfare; 


 Coordination & participation of response; 
 Road clearing. Restoration of rural reticulated water supplies, welfare provisions for those in need; 
 2pm onward helicopter reconnaissance. 5pm Mon 3 teams despatched to deal with shed collapse 


on 2000+ pigs. Poles, tarpanlins, loaders for temporary shelter. Worked into night. Tues got roads 
cleared (not on list) by ADC & transported bulldozer to high county before snow froze. At pig farm 
all day. Assembled snow rakers. Wed teams followed bulldozer and dropped by helicopter for 
snow raking by 5pm 5500 sheep recovered!! (48 hours). Still team at pig farm. Thurs-Sun further 
10,000 sheep, cattle & deer to safety in Mid & South Canty; 


 Clearing snow from solar panels, grading roads, restoring local power supplies to power-stations, 
transporting diesel for backup generators, using alternative comms; 


 Response – 6 days. Recovery – 2 months. Mutual aid to help others respond; 
 Restore electricity supply; 
 Mobilised repair crew & best we could bearing in mind people's safety. Kept informed of 


transmission events as they occurred on the system. Set repair priorities. Requested back up 
crews to be ready to mobilise if requested; 


 Sent staff to affected areas, helicopter patrol, liaised with Civil Defence, liaised with Councils, 
Radio reporting; 


 1. Immediate request to maintenance contractor to initiate response to emergency snow situation. 
2. Managed and organised contractors priorities and areas to concentrate resources. 3. Advice to 
client and his road condition reporting system. 4. Managed total area situation by liaising with 
contractors and advising all affected parties. 5. Inspected area prepared restoration estimate and 
report for Transit to approve; 


 Mobilised, Impact assessments, Prioritised restoration of network and cellular sites, restored sites, 
including providing generators, liaised with Civil Defence; 


 Within 3 days we have a comprehensive view of the level of the disaster, after utilising all our 
resources i.e. staff and contact with the rural community. Thereafter organised snow raking parties 
from within and outside the affected areas were utilised. Community food & basic requirements 
were made available. Thereafter a feed/hay etc schedule was documented; 


 Contacted all clients to see if they requested any assistance; 
 Assist our clients where needed; 
 Providing support for staff & families. Accessing appropriate stock for customers needs. Assessing 


how safe it was to continue to work i.e. snow load, safe to drive on roads etc; 
 Responded to all emergency calls as required. Assisted Civil Defence; 
 Delivered radios & kit to outlying areas. Provided unimogs. Provided help support; 
 Managed individuals welfare need. Managed clean up work force; 
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 Met with numerous organisations including local authorities, federated farmers, MAF, and 
resource centres. Four teams of workers were established to assist with the on farm cleanup in 
the Timaru, Waimate and Mackenzie area; 


 The immediate action was to get the Emergency Relief Trust Co-ordinator up in a helicopter to 
assess the severity of the storm. Then as requests for help came in, mobilise the resources 
available. Experienced manpower to snow rake sheep out of deep snow to lower altitudes where 
they could be fed; 


 Co-ordinating people in other areas and our own to help where it was needed basically starting 
somewhere & when the job was done move on to the next place of need; and 


 Anama Branch of Rural Women NZ Members & once they were able to travel they visited homes 
with food etc. 


 
4.2 Positive Outcomes of Actions 


Table 31: Perception the organisation’s actions led to positive outcomes 


Do you think that your actions led to any positive outcomes? Count %
Yes 24 92.6%
No 1 3.8%
No response 1 3.8%
TOTAL 26 100%


 
Respondents were asked to describe the outcomes: 
 
 Assisted two District Councils to make contact with members of the public whom contact had not 


been made; 
 Closer working relationship, people we met were please to see us, positive feedback once 


situation across district explained, good exercise to use responder team in real event; 
 Access for the community. Restoration of essential water supplies for consumers. Welfare 


provided to those in need; 
 Only 1-2% of 2000 pigs lost despite all sheds collapsing. In total 15,000 plus stock recovered by 


snow raking teams. Minimal losses. Placed generators on dairy farms to milk 1000 cows. Placed 
generators on dairy farms to feed 4000 pigs? Poultry. Sourced hay & silage for emergency feed. 
Got power supply to major feed industry as priority connection etc,etc,etc; 


 Identified areas for improvement which have been implemented, showed the willingness of staff to 
band together, fully tested our response plans & showed the value of out scenario training; 


 Map of damage updated on internet so progress could be monitored; 
 Reduced transmission outage times. Ensured wires that were down were safe to the public; 
 We supplied digital photographs of extent of damage & accessibility to councils & CD, also 


provided regular GIS screen dumps of affected customers to CD; 
 Priority restoration of cellular sites, development of co-ordinated impact assessment, close 


interrelation between TNZL and Civil Defence, close interrelation between TNZL and Power 
Companies; 


 We satisfied a considerable amount of residents in the affected area with food, staff/labour, feed, 
personal support; 


 Reassured clients that company network was available for their assistance; 
 Build relationships with clients; 
 Generally people (customers) were happy that we were able to help them when they required 


help. Very tolerant of late payments, problems on farm, lack of power etc; 
 Great community support. Neighbourhood support relevants unavailable; 
 The local population could see that real action was being carried out!; 
 Unemployed people received employment and the department was seen in a positive light; 
 Over 130 property owners were assisted to clean-up properties; 
 Saved approx 30,000 sheep, 2000 pigs assisted to provide generators for milking cows; 
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 A better understanding of the requirements of the local community & by those people having a 
local community of Interest to work in. All this has to work from the bottom up not from the top 
down; and 


 If a family home was in need of help it was reported back to their chairperson who acted on it. 
 
4.3 Problems organisations encountered in performing their roles 


Table 32: Organisations that experienced problems performing role during response 


Did you experience any problems in 
performing your role? Count % 
Yes 12 46.1% 
No 14 53.8% 
TOTAL 26 100% 


 
Respondents were asked to list problems, which are presented below: 
 
 Gathering intelligence on the situation when lines of communication were out; 
 Very poor service from Telecom. Lack of Army personnel availability (poor communication 


channel). Late response from Government-not interested in South Island. No helicopter nets for 
feed. No transport subsidy or GST exemption. Felt is was a PR exercise; 


 Staff shortages (transport & other impacts affecting personnel),lack of impact information, 
communication impacts, lack of resources vs. wide spread impact e.g. generators; 


 Cell phone communications; 
 Access to sites for repairs, ability to control work resource to maintain safety, insufficient skilled 


resource; 
 Always challenges when you are directing operations for the field. Main issue is ensuring repair 


crews are not subject to extreme temperature/condition for long period. They must be supported 
and able to communicate as they go about their business; 


 Widespread loss of electrical power, significant access (road) disruption causing difficulty getting 
to sites, significant potential staff Health and Safety issues, ongoing continuing nature of storm; 


 I live in the country, no phone lines, no electricity so couldn't re-charge cell-phone, not possible to 
drive on roads; 


 Some staff didn't come to work a first day. They got the message; 
 One of the major problems was the way some of the other agencies reacted in regard to OSH in 


particular you can't be in intimidated by this and we all have to work accordingly; and 
 I was unable to leave my home for 4 wks but was able to contact some members to begin their 


role of help. 
 
Table 33: Why organisation didn’t have problems with their response to the snowstorm 


If no, was this because Count % of sample 
The response plan was effective 8 30.8% 
No response was necessary 5 19.2% 
Other 1 3.8% 
TOTAL 14 14 


 
The comments made by these organisations are made below: 
 
 This plan is practiced and exercised annually, EOC staff trained and competent, prior contacts 


established and reinforced; 
 Regular training; 
 Senior personnel familiar with required response for this emergency situation (similar to floods or 


storm damage); 
 Our industry and staff have experienced snow storm in the past and respond accordingly; 
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 General common sense prevailed, a good team working together to help others; 
 There was very strong support provided by management to support all of the logistical tasks 


needed to carry out the cleanup work; and 
 The Mid Canterbury Emergency Relief Trust is set up to assist farmers initial response in a 


climatic release event. 
 
Respondents were asked to list problems that adversely influenced their organisation’s 
effectiveness in responding to the snow storm event (Table 34). They were asked to estimate 
how serious a threat each was to response effectiveness. 
 
Table 34: Problems that adversely influenced organisation’s effectiveness in responding to the 
snowstorm event 


 
Posed a 
Problem 


If Yes 


Problem Yes No Unimportant Important 
Very 


Important
Lack of appropriately trained personnel 6 16 1 5 2
Lack of equipment 9 13 1 7 2
Lack of facilities (e.g. accommodation) 4 17 0 4 0
Inadequate communication with other agencies 6 16 1 3 2
Inadequate communication with the community 10 13 0 5 4
Inadequate coordination of response 5 17 0 2 3
Lack of clear responsibility for coordination 5 18 0 2 3
Media problems 4 18 1 4 0
Management issues 2 20 1 1 1
Public cooperation 2 21 1 2 0
 
Respondents were asked to provide additional information on issue(s) relating to response 
effectiveness. 
 
 Inadequate accommodation for volunteers carrying out welfare response was an issue. Additional 


generators for use in the communities would have been desirable. Due to phones not working, it 
was difficult to gauge community welfare needs, and to inform the public that we were asking for 
anyone with welfare needs to come forward; 


 Civil Defence radios were excellent for snow raking, satellite phones would be great, but costly. 
Local media were excellent. National TV/Radio less so in that they put up helicopter to find pig 
shed to interview owners. This was not appropriate and unsuccessful. Seemed to lose interest 
when they were no real bad news stories; 


 We no longer have heavy machinery available so had to rely on good relationships with local 
contractors; 


 Difficult to accommodate work crews at short notice. Community generally understands 'lights out' 
during such events but are generally intolerant long periods. General public are generally very 
good in supporting crews in the field!; 


 Additional generators purchased during the event; 
 Available resources and networks were not utilised quickly enough; 
 The Mid Canterbury Emergency Relief has been established by Federated Farmers and 


Ashburton District Council to provide specialist help to farmers in an adverse climatic emergency. 
The 12 June snow emergency was able to be managed by drawing on previously identified 
resources of people and equipment within the community; and 


 One of the problems with the organisation I'm involved in was a lack of understanding of the 
expectations to our organisation. Possibly a briefing of what could be expected of us in this role in 
the future. 
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Table 35: Perception of response plan effectiveness 


If your response plan was implemented, how effective was it?  Count  %
Very effective 12 54.5%
Somewhat effective 7 26.9%
Not very effective 0 0%
Not sure  0 0%
No response 3 13.6%
TOTAL * 22 100%


 
* 22 responding organisations reported having a response plan (Table 5) 
 
4.4 Effects of the snowstorm 


Respondents were asked to describe the major effects of the snowstorm in their area of 
operations: 
 
 None-the City/Banks Peninsula received only a light covering of snow which didn't last long 
 Good coverage but no real problems in Waimakariri; 
 Increase public awareness of need for disaster preparedness. Opportunity to practice emergency 


management system & lines; 
 Road closures, loss of power, loss of telecommunications, loss of water, stock welfare, financial 


hardship for those unable to get to work; 
 Loss of access. Loss of power, water & sewerage. Loss of feed. Loss of feed quality. Damage to 


farm buildings and fences. Loss of trees. Loss of power of electric fences. Stock health issues. A 
whole new generation of Ashburtonians realized what "mother nature" can provide; 


 Transport disruption, water disruption, power disruption, telephone disruption, financial pressure 
through impacts on employers, building collapses, closure of schools for 1 week, staff shortages in 
essential industries, social impacts through prolonged exposure to the event; 


 The lack of a local power authority person to quickly restore power to the Twizel township. Had to 
wait 3 days for someone from Fairlie to do some switching, we could have had power within a few 
hours. The boundary problems with road clearing & different contractors for different stretches of 
road; 


 Loss of power for some; 
 Loss of electricity supply; 
 Loss of transmissions to key substations for multiple periods throughout the storm; 
 Loss of power for 2 days. Damage to lines & poles. Safety of staff as hours worked increased; 
 Closure of all State Highways including SH1. SH1 was opened same day with other highways 


either same day or later the last to be opened was SH79. Damage occurred to marker posts and 
RRPM's and one area of first coat seal; 


 Loss of service to +/- 10 000 customers, massive aerial line damage, isolation of some Telecom 
exchanges, cabinets and remote radio sites; 


 Livestock losses; 
 Stock losses, stock to be rescued/feed, houses without phones - not able to find out if they needed 


help, houses without power; 
 Damage to power lines; 
 Heavy snow in hill country-stock losses, loss of electricity, vehicle movement difficult; 
 Staff could not travel out to schools. Schools were closed; 
 Lack of power, food shortage, loss of income, seasonal work was not available; 
 The major effects were the impact on farmers to carry out their daily tasks. There was also a 


considerable social effect on the family members of affected farmers and community members; 
 Substantial damage to buildings, winter feed crops, electricity lines, houses; 
 Helping one another as the need was required; and 
 No power for some homes up to 14 days. Women living alone with children unable to get out to 


buy food. 
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Table 36: Perception of intensity of effects from the snowstorm 


Were the effects of the snow storm: Count % 
Much greater than expected 8 30.8% 
Greater than expected 11 42.3% 
As expected 7 26.9% 
Less than expected 0 0% 
Much less than expected 0 0% 
TOTAL 26 100% 


 
Respondents who perceived the effects of the snowstorm to be different (in this case all 
greater) from their expectations were asked to describe why: 
 
 Time to restore power & telecoms; 
 Due to the heavy wet nature of the snow, the damage caused was greater, especially to the 


electricity network. The snow stayed around longer than would normally have been expected 
compounding stock & access issues & welfare issues; 


 Deepest snow depths in over 80 years east of the railway. Not many over 80's involved. 
Impossible to simulate; 


 I didn't expect the entire population to be affected by an emergency event to the degree this one 
did. I struggle to anticipate another scenario that would have such wide spread & universal effect. 
Especially: transport 100% out, power x% out, phone x% out; 


 More snow then predicted which resulted in failures to our local 33kv network; 
 A. 60% of damage was caused by trees. B. Wet snow had a significant impact compared with dry 


snow; 
 The size the snow dump was unexpected as was the ongoing nature of the snowstorm. Prolonged 


power outages. Prolonged disruption to access routes; 
 Isolation-and remedial services took a considerable time to satisfy the community-mainly because 


of the scale of the disaster; 
 Under estimated the effects of the depth of snow-feeding stocks. Under estimated the length of 


time for phone & power to be restored; 
 Power outage longer than expected; 
 The inability to co-ordinate acting because managers were unable to get to the office/work place; 
 The impact on our clients due to power & phone outages. The damage caused by the snow to 


rural properties in South Canterbury; 
 This was a particularly wet snow which for the amount that fell was particularly destructive on 


electricity poles and lines and on buildings; 
 Not different from my expectations, because I have experienced it before but I do consider we 


handled it better; and 
 Young families coping in these conditions found it some what difficult-never experienced this 


before. 
 
Respondents who perceived the effects of the snowstorm to be similar (in this case all 
greater) to their expectations were asked to describe why: 
 
 Very little impact that cause little disruption; 
 Previous events and experience, snow is a regular event although not as severe; 
 We have experienced snow events in the past; 
 Previous snows of varying depths since Trust was formed were a sound basis for expectation. 


Service continuity of members and multi agency background helped. E.g. Self farmer/CD 
Manager/Fed Farmers 40yrs/Council 20yrs,Co-ordinator MAF, High Country, Radio, ATS manager 
others with similar backgrounds and great local knowledge; 


 If the snow had been as predicted this would have been based or our experience from 2002,1995 
etc; 
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 Previous snow storm of 1992 and experience with the Southland storm of ???; 
 Previous history of damage & restoration from past storms; 
 Effects were similar to those experienced in heavy snow falls observed over 30+ years; 
 Practical experience of servicing the rural community; 
 Personal experience of farming in Southland; 
 Years of being involved in emergency events; 
 Having lived most of my life in the high country this appeared as an often seen occurrence. 


However it was earlier than the norm; 
 Nobody can accurately predict the effect of a snow storm; and 
 Previous snow storms. Feeding levels are better now and this provides a better survival rate for 


animals. 
 
4.5 Total cost of the snowstorm 


Respondents were asked to report the total cost (estimated or otherwise) to their 
organisation in terms of the response to the snow storm.  These are provided in Table 37. 
 
These reported costs can be compared to an estimated $50 million cost to insurance 
companies for the South Island from private claims.  An estimated $35 million of these costs 
came from the Canterbury region (FMG, 2006). 
 
Table 37: Total cost (estimated or otherwise) to organisations in terms of the response to the 


snowstorm 


Category Responses Total  
(only includes $ 
listed) 


Management & 
coordination 


 Clearance of snow from roads not separately captured-
minor cost 


 Costs only 
 $48,000 all together with management/coordination, 


social support 
 $350,000 
 $80,000.00 
 Business as usual + $5000 
 $279,000 
 No cost 
 $25,356 
 Unknown 
 Unknown 
 Doesn't apply because we are a voluntary organisation 
 MAF Policy invoice $26,367.61 


$813,723.61 


Clean up/Snow 
clearing 


 Water supply power restoration $42,000 
 All volunteers 
 $5,000 
 $500.00 
 $100,000 


$147,500 


Social Support  Rescue response - volunteer using Council vehicles 
 Welfare $40,000 
 Apart from TFG about 500-600 voluntary hours plus 


meetings 
 Utilisation of staff and communiation 
 $2,500 
 For members travel 


$42,500 
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Restoring damaged  
buildings 


 12,000 
 Private $millions 
 $250.00 
 $10,000 


$22,250 


Restoring damaged  
electricity lines  


 $650,000 
 $1.3 million 
 $600,000.00 
 $80,000 


$2,630,000 


Total electricity 
company costs 


 $160,000 total  
 $695,000 
 $1.3 million 
 Total $1,000,000 
 $90,000 


$3,345,000 


Restoring damaged  
roading and 
management 


 $70,000 
 $2 million 
 $15,000.00  
 Isitts culvert seal coat $20,000  
 Road clearance & grit $560,000 


$2,665,000 


Restoring damaged  
telecommunications 


 $3 million 
 


$3,000,000 


Miscellaneous  Waimakariri got off lightly with no real expenses and 
major disruption 


 $160,000 total  
 Farm paddocks e.g. fence lines and wood lots 
 Emergency generators, roading, water supplies, waster 


water/sewerage all together were $600,000  
 Total cost on council $2.3m  


$3,060,000 


 
Total 


 
(Adjusted for duplications) 


 
$12,380,973.61 
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Table 38: Summary of Impacts, Actions and Outcomes (as reported by respondents) 


SECTOR IMPACTS ACTIONS  OUTCOMES 
Electrical Power Networks Loss of power (regional) 


The lack of a local power authority person to 
quickly restore power to the Twizel 
township 


Loss of transmissions to key substations for 
multiple periods throughout the storm 


Damage to lines & poles.  
Safety of staff as hours worked increased 
No power for some homes up to 14-20 days 


(Mid-South Canterbury) 


Priority access sites cleared 
Clearing snow from solar panels, grading roads, 


restoring local power supplies to power-stations, 
transporting diesel for backup generators, using 
alternative communications used 


Mobilised lines repair crews throughout Canterbury as 
possible, with consideration of worker’s safety. Kept 
informed of transmission events as they occurred on 
the system. Set repair priorities. Requested back up 
crews to be ready to mobilise if requested  


Sent staff to affected areas, helicopter patrol, liaised 
with Civil Defence, liaised with Councils, Radio 
reporting 


Response-6 days. Recovery-2 months. Mutual aid to 
help others respond 


Identified areas for improvement which have 
been implemented, showed the willingness 
of staff to band together, fully tested our 
response plans & showed the value of our 
scenario training 


Map of damage updated on internet so 
progress could be monitored 


Reduced transmission outage times. Ensured 
wires that were down were safe to the 
public 


Electricity suppliers supplied digital 
photographs of extent of damage & 
accessibility to councils & CD, also provided 
regular GIS screen dumps of affected 
customers to CD.  


Telecommunication 
Networks 


Loss of telecommunications 
Loss of service to +/- 10 000 customers, 


massive aerial line damage, isolation of 
some Telecom exchanges, cabinets and 
remote radio sites 


Priority access sites cleared 
Mobilised, Impact assessments, Prioritised restoration 


of network and cellular sites, restored sites, including 
providing generators, liaised with Civil Defence 


Priority restoration of cellular sites, 
development of co-ordinated impact 
assessment, close interrelation between 
TNZL and Civil Defence, close interrelation 
between TNZL and Power Companies 


Transportation Networks Road closures 
The boundary problems with road clearing & 


different contractors for different stretches 
of road 


Closure of all State Highways including SH1. 
SH1 was opened same day with other 
highways either same day or later the last 
to be opened was SH79. Damage 
occurred to marker posts and RRPM's 
and one area of first coat seal 


Priority roads cleared 
1. Immediate request to maintenance contractor to 


initiate response to emergency snow situation. 2. 
Managed and organised contractors priorities and 
areas to concentrate resources. 3. Advice to client 
(Transit) and the road condition reporting system. 4. 
Managed total area situation by liaising with 
contractors and advising all affected parties. 5. 
Inspected area prepared restoration estimate and 
report for Transit to approve 


Access for the community 


Water Distribution and 
Sewage  Networks 


Loss of water  
Water & sewerage 


Restoration of rural reticulated water supplies Restoration of essential water supplies for 
consumers 


Social Welfare Agencies Social impacts through prolonged exposure 
to the event  


Lack of power, food shortage, loss of income, 
seasonal work was not available 


Women living alone with children unable to 
get out to buy food 


Waimakariri rescue team deployed to Ashburton and 
Waimate to assist gather data on people welfare 


Welfare provisions for those in need 
Managed individuals welfare need. Managed clean up 


work force 
Once members were able to travel they visited homes 


with food, etc 


Over 130 property owners were assisted to 
clean-up properties (Timaru) 


Unemployed people received employment and 
the department was seen in a positive light 
(Ashburton and Timaru) 


If a family home was in need of help it was 
reported back to their chairperson who 
acted on it (Mid Canterbury Rural Women) 
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Education Closure of schools for up to 1 week  
Staff could not travel out to schools 


  


General CDEM/District 
Council 


 Provided manpower & vehicle to District Councils 
affected by the storm  


EOC’s activated  
Linkages established with contractors and Emergency 


Services 
Coordination & participation of response 


Assisted two District Councils to make contact 
with members of the public whom contact 
had not been made. 


Closer working relationship, positive feedback 
once situation across DISTRICT explained, 
good exercise to use responder team in real 
event 


Agricultural Emergency 
Managers and Rural 
Support Trusts 


Stock welfare  
Loss of feed  
Loss of feed quality  
Damage/collapse to farm buildings and 


fences.  
Loss of trees.  
Loss of power of electric fences 
Stock to be rescued/feed  
Houses without phones or power - not able to 


find out if they needed help  
Stock losses, stock to be rescued/feed, 


houses without phones - not able to find 
out if they needed help, houses without 
power  


Heavy snow in hill country-stock losses  
Vehicle movement difficult 
Substantial damage to buildings, winter feed 


crops, electricity lines, houses 
The major effects were the impact on farmers 


to carry out their daily tasks. There was 
also a considerable social effect on the 
family members of affected farmers and 
community members 


2pm onward Helicopter reconnaissance. 5pm Mon 3 
teams despatched to deal with shed collapse on 
2000+ pigs. Poles, tarpanlins, loaders for temporary 
shelter. Worked into night. Tues got roads cleared 
(not on list) by ADC & transported bulldozer to high 
county before snow froze. Assembled snow rakers. 
Wed teams followed bulldozer and dropped by 
Helicopter for know raking by 5pm 5500 sheep 
recovered!! (48 hours). Still team at pig farm. Thurs-
Sun further 10000 sheep, cattle & deer to safety in 
Mid & South Canterbury 


Within 3 days a comprehensive view of the level of the 
disaster was obtained within Mid Canterbury by Mid 
Canterbury Emergency Relief Trust, after utilising all 
resources i.e. staff and contact with the rural 
community. Thereafter organised snow raking parties 
from within and outside the affected areas were 
utilised. Community food & basic requirements were 
made available. Thereafter a feed/hay etc schedule 
was documented 


In Mid Canterbury there was extensive meetings with 
numerous organisations including local authorities 
federated farmers MAF and resource centres. Four 
teams of workers were established to assist with the 
on farm cleanup in the Timaru, Waimate and 
MacKenzie area 


The immediate action was to get the Mid Canterbury 
Emergency Relief Trust Co-ordinator up in a 
helicopter to assess the severity of the storm. Then 
as requests for help came in to mobilise the 
resources available. Experienced manpower to snow 
rake sheep out of deep snow to lower altitudes where 
they could be fed 


Mid Canterbury Emergency Relief Trust saved 
approx 30,000 sheep, 2000 pigs (1-2% 
losses), assisted to provide generators for 
milking cows  


>15,000  livestock were recovered by snow 
raking teams in South Canterbury, with 
minimal losses. 


Placed generators on farms to assist with 
milking (1000 cows) and feeding/heating 
4000 poultry and pigs (Mid Canterbury) 


Sourced hay & silage for emergency feed.  
Established power supply to major feed 


industry as priority connection  
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Stock and Station Agent 
Business Response 


Financial hardship for those unable to get to 
work  


Financial pressure through impacts on 
employers 


 


Providing support for staff & families. Sourcing 
appropriate stock for customers needs. Assessing 
how safe it was to continue to work i.e. snow load, 
safe to drive on roads etc 


Contacted all clients to see if they requested any 
assistance 


Assist our clients where needed 


Met considerable number of residents in the 
affected area with food, staff/labour, 
livestock feed, personal support (North, Mid 
and South Canterbury) 


Reassured clients that company network was 
available for their assistance. 


Build relationships with clients 
Firms were tolerant of late payments. 


Emergency Services Some staff weren’t able to come in on the 
first day. 


Responded to all emergency calls as required. Assisted 
Civil Defence 


Great community support.  
Neighbourhood support unavailable 


Defence Forces  Delivered radios & kit to outlying areas. Provided 
Unimogs.  


The local population could see that real action 
was being carried out. 
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5.0 LESSONS FOR THE FUTURE 


5.1 Learning from the experience 


Nearly all (85%) respondents believed they learnt from their experiences of dealing with the 
snowstorm (Table 39).   
 
Table 39: Learning from the Experience 


Did you learn anything from your experience in dealing with 
the snow storm Count %
Yes 22 84.6%
No 2 7.7%
No response 2 7.7%
TOTAL 26 100%


 
If the respondent answered yes, they were asked to describe what they had learnt: 
 
 Need for early warning, need to respond rescue teams earlier rather then later, practice and 


exercise helps for smooth transition, importance of establishing relationship with other agencies 
before the emergency; 


 A more formal SOP has now been produced. Special procedures for dealing with issues such as 
grading of roads & restoration of water supplies. The standard welfare response in an emergency 
focuses on providing welfare at welfare centres. During the 2006 snow, welfare was provided to 
people in their own homes. It was not necessary to open any welfare centres; 


 Every event is different e.g. snow depths in certain areas, organisation must be "flexible". Don't 
rely on Armed forces! You can never have too many volunteers. Railways no longer have stocks 
of tarpaulins; 


 To be explicit when activating volunteer response org. To better manage/coordinate public info so 
radio stations reflect the messages to a wider area then just the District with the loudest voice. 
Expect & manage unsolicited donations of aid. To manage the public expectation with explicit 
messages. Better coordination of information gathering and analysis. Coordination of recovery 
efforts, particularly in rural areas; 


 Contracts for road clearing should be based on locally not price. Our diesel tanks should be 
topped up more regularly. All our training had paid off. The staff were very dedicated; 


 Keep reporting simple and focussed. Allow operational people to perform their normal role. Inform 
the public and others especially with respect to restoration times (don't over promise and under 
deliver); 


 Always learning. Each event brings with it new challenges. Wider spread power outages than 
experienced before. Terrain was different. Types of faults were different; 


 Changing weather patterns may see a review of engineering design in areas that were historically 
non alpine regions; 


 Response from one maintenance contractor exceeded expectations. Other contractor managed 
situation well as expected; 


 Telecom carried out a full review and made information available to participants; 
 Get out a respond quickly, but putting together a schedule of the level of the problem, community 


needs, and action plan to satisfy; 
 Get staff to areas quickly, stock the products required; 
 Establish a response plan for ourselves. More communication with other agencies; 
 The need to co-ordinate communication. That key managers/staff may not be available because of 


break down in communication services to read a co-ordinated response; 
 Made some good contacts; 
 Notify local council when department staffing changes occur, especially management as they sit 


on the welfare agency group; 
 The need for strong interagency cooperation. Gathering and actions on relevant information to 


make sound decision; 
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 The need to have a group willing to assist must be updated annually. Preparation and having 
people who have agreed to assist are the first requirements communication is vital!; and 


 Animal Welfare Issues need to be addressed purely by extraction to a safe point so they can be 
fed accordingly. Meaning that in the event of more snow you had things under control. 


 
Respondents were asked to describe any positive or negative effects resulting from this 
experience (Table 40). 
 
Table 40: Positive and negative effects resulting from this experience 


Positive Negative 
 As above. 
 Road clearing hierarchy emergency 


plan worked well. Donation of money 
which allowed purchase of portable 
repeater & sat phone. 


 Real event better than an exercise! For 
training. Rural people very resilient. 
Local knowledge is paramount. 


 People are better prepared. Council 
gained much positive feedback. The 
community response neighbour to 
neighbour was outstanding. 


 CDEM and local authority 
communications. 


 Staff supportive. 
 Public support in the field on the day. 
 Training for junior staff. Team co-


operation. 
 Revised our action response plan. 
 Increased profile in the local civil 


defence. 
 Great community support. 
 The experience alone stands people in 


better understanding for another time. 


 Don't rely on Telecom. Don't wait for 
Govt in the urgent phase. 


 Require better customer information 
data, require better message handling 
systems, communication systems. 


 Telecommunication breakdown. 
 Don't rely on Civil Defence in the 


country. 
 Need a more resilient, electricity & 


telecommunication infrastructure. 


 
5.2 Long term impacts and changes 


Many of the respondents expected there would be some long term effects from the snow 
storm (Table 41).   
 
Table 41: Reported long term effects of Snowstorm 


 Count % 
Political 5 19.2% 
Social 6 23.1% 
Community 5 19.2% 
Ongoing maintenance lines 1 3.8% 
Public perception 1 3.8% 
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Respondents were asked to describe these effects: 
 
 Many people have subsequently purchased generators. Some dairy farmers now have backup 


generators. Many people are now better prepared with their telecommunication facilities (car 
charges, backup to domestic cordless phones). CD survival kits have been established/upgraded. 
Heightened awareness within the community to being prepared for such events; 


 Social/economic - impacts to farmers & other business will take some years to recover; 
 Other lines companies took up to three weeks to restore all power. This had a negative impact 


with some customers; 
 Lines stressed during snow storm are likely to produce unforseen failures; 
 Changes to our designs; 
 Perception of ability of the Telecom network to deliver service during a similar event; 
 Loss of livestock on farm improvements. Farm profitability; 
 The amount of money spent on feeding stock and repairing damage limited spending on other 


farm requirements for a season; 
 Client today said it has taken a year to get his farm back in order; 
 Political: Both national & regional & local governments were slow to respond & to acknowledge 


damage done and needs that were not recognised for some time.  Power back on etc. Economic: 
Changes in farming practices due to damage, no insurance; 


 Make people aware of their vulnerability at need to plan better for exceptional circumstances; 
 There maybe a greater political awareness of any future snow storms. Plus it appears that 


weather prediction is focused on the worst case; 
 In the political, economic, social and community experience of the 12-06-06 snow storm, groups 


and individuals have made changes to prepare themselves more adequately for future climatic 
achieved events; and 


 Farmers definitely would have a financial burden after the snow storm. Some farmers & families 
would experience some social issues after the event. Farmers lock of financial stability for a time 
in this event would have created some community issues through the lack expenditure on inputs 
into their farm for at least one year. 


 
5.3 Future resilience 


Most respondents (96%) believed their organisations were well prepared to deal with any 
future snowstorm event, on the basis of the 2006 snow storm (Table 42). 
 
Table 42: Organisation preparation for future snowstorm events 


How well is your agency prepared to deal with any future snowstorms events? 
(On the basis of the 2006 snow storm) Count %
Very well prepared 15 57.7%
Well prepared 10 38.5%
Not well prepared 1 3.8%
TOTAL 26 100%


 
Respondents were asked to describe how they based their assessment: 
 
 The arrangements in place to deal with an emergency and arrangements in place with 


contractors/supplies. Infrastructure providers have learnt much from the 2006 storm & 
implementing or discussing changes; 


 We have our plans and regular exercises, CD community sector well organised; 
 From lesson learned from the 2006 event & implement measures to address these; 
 I believed we did a reasonable job in the circumstance. Helen Clark, Jim Anderton, Rick Barker 


and many others agreed as well as farmers assisted. NB: We are not complacent about future 
events; 


 Experience & lessons learnt; 
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 Because we handled the 2006 event very well & we have since made improvements to our 
systems & procedures for the future; 


 A. Construction standards reviewed by international consultants. B. Some operational 
improvements made. C. Centralised control and restoration planning ensures optimal decisions. 
D. Major outage communications plan developed. E. Mature contractor management and systems 
in place. F. Systems spares holdings regularly reviewed and seismically restrained. G. Robust 
radio communications in place. H. Mutual aid agreement in place and working with other South 
Island line companies; 


 While some improvements have been undertaken many of the larger issues require significant 
planning and time. The has to be balanced with ongoing capital development of the system. 
Immediate customer requirements; 


 Experience gained from previous event. Good preparedness by contractors. Broader knowledge 
of types of fault we might experience; 


 Experience, we own our contractors - loyalty, good recovery plans; 
 Client (Transit New Zealand) satisfaction positive response from other affected parties and 


agencies; 
 Improvements made subsequent to the event as a result of impact report; 
 Experience. Current updated disaster plan. Support from Senior Management of our Company; 
 Better prepared with stocking levels of critical products; 
 That we are implementing a response plan; 
 Nationally we have been involved in a number of natural disasters e.g. North Island flooding; 
 Every experience is a learning exercise, the group have met already and have up graded 


operational policy in the light of the 12-06-06 experience; and 
 Just on how these agencies reacted during the event. 


 
Most respondents (85%) believed it was either very likely (13) or somewhat likely (9) that a 
snow storm of this magnitude will occur in the future (Table 43).  Only 2 respondents (8%) 
believed it was not likely. 
 
Table 43: Perceived likelihood of a similar magnitude snowstorm in the future 


How likely do you think it is that a snow storm of this 
magnitude will occur in the future? Count %
Very likely 13 50.0%
Somewhat likely 9 34.6%
Not likely 2 7.7%
Not sure 0 0%
No response 2 7.7%
TOTAL 26 100%


 
Respondents were asked to comment or list any changes they would make to increase 
resilience to snow storms in the future to their: 
 
Organisation: 
 
 Radio communications established in Lee's Valley since storm, (Isolated community) with portable 


power supply; 
 Ongoing staff training. Regular review & updating of plans. Maintenance of liaisons with other key 


agencies; 
 Fine tuning. More secure communications; 
 Increase staff training to improve Emergency Operation Centre effectiveness; 
 Increased distribution of satellite phones to key staff. Regular top up of back up diesel supplies. 


Increased 33kv pole maintenance. Agreements & understandings with local roading contractors; 
 Currently reviewing systems and system tools to better manage the event; 
 Better message taking and recording. Improve accessibility to some cities; 
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 Ensure emergency preparedness plans are current and appropriate. Ensure sub contract 
arrangements are maintained. Review 'readiness' of support teams from the NI and how they may 
be deployed in the SI environment; 


 Opus consultant Nil-but ensure new staff are were familiar with procedures for emergency events 
(flooding, wind, snow, ice etc); 


 1. We published customer readiness information. 2. Revised our crisis management plan/process. 
3. Participated in two exercises with external agencies. 4. Revised our process for communicating 
with local government/civil defence; 


 Have revised our Disaster Plan Strategy; 
 Update phone lists; 
 We will maintain and constantly develop our capacity to assist in future; 
 There’s no substitute for experience and this tends to bring a bit of wisdom with it; and 


 
Managed infrastructure: 
 
 No; 
 Backup diesel powered generators are being installed at all rural reticulated water supplies, with 


the exception of one where that community was not prepared to meet the cost; 
 In hands of other agencies. Telecom-more backup. Electricity Ashburton-more resilient 


infrastructure. A. District Council-check staff welfare; 
 Increase effectiveness of business continuity plans; 
 As above; 
 A. Build to reviewed standards (current standards) B. Targeted improvement to existing lines. C. 


Continue to encourage tree owners to keep their trees clear of lines; 
 More robust data systems and remote information and control; 
 Communication improvements internally (control centres to field operations etc); 
 Replacement of weak conductors with stronger types. Use of stronger poles; 
 1. Communicated information on our network to civil defence and Engineering Lifelines Groups. 2. 


All cabinets involved in the event have had battery replacements and 3. Installed external 
generator connection plugs on 26 rural cabinets. 4. Determined restoration procedures for plug 
equipped cabinets. 5. Involving farmers in emergency powering arrangements for cabinets; and 


 Needs to be improved but has to be managed by local input but we need the tools of govt 
agencies to implement it. 


 
Other aspects of your business: 


 
 We are all volunteers who meet annually to reassess structure & upgrade worker lists and 


representation. Very close links with helicopter company vital for early reconnaissance. We are all 
practical, self motivated persons. Key personnel about 10; 


 Increased training to volunteers will contribute to community response & effective information 
gathering. Continue to liaise & plan with other organisations; 


 Great opportunity for Army to help out in community, also good for PR; and 
 Members worked closely with the co-ordinator based at Ashburton Fed Farmers building. 


"Emergency Relief" - very helpful. 
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6.0 SUMMARY 


6.1 Impacts of the 12 June 2006 snowstorm event 


6.1.1 Summary of reported economic impacts  


A total cost of $12,381,000 was reported by responding organisations (Table 37).  
Telecommunications costs were approximately $3.0 million and electrical companies 
reported costs of $3.345 million.  Road damage and costs were estimated at $2.63 million by 
transport network managers.  Management and coordination costs were reported at over 
$0.8 million across responding organisations. Note these figures should not be treated as 
absolute figures for the Canterbury region, as they only reflect responses from the 
organisations who responded to this survey. 
 
These costs can be compared to an estimated $50 million cost to insurance companies for 
the South Island from private claims (Small & NZPA, 2006).  An estimated $35 million of 
these costs came from the Canterbury region. 
 
Central Government also committed $1.63 million (Anderton, 2006) in financial assistance. 
 
6.1.2 Effects of the snowstorm 


A summary of key effects of the snowstorm were (in no particular order): 
 Loss of electrical power (generally the key impact noted by the sample); 
 Road closures and transportation disruption; 
 Loss of telecommunications; 
 Loss of water and sewerage; 
 Staff shortages in essential industries; 
 Livestock welfare issues – loss of feed and feed quality; 
 Damage to farm buildings, fences, trees and loss of power to electric fences; 
 Financial hardship for those unable to get to work; 
 Financial pressure through impacts on employers; 
 Building collapses; 
 Closure of schools for 1 week; and 
 And social impacts through prolonged exposure to the event. 


 
The heavy, wet nature of the snow and widespread impacts causing major disruption to 
infrastructure networks were recurring reasons as to why this event caused such significant 
effects across the region.  The disruption of key services and isolation of many households 
for extended periods were acknowledged as particularly difficult. 
 


6.2 Outcomes from the snowstorm event 


6.2.1 Actions taken to deal with effects of the snowstorm 


Nearly all (96%) respondents took action to deal with the effects of the snowstorm (Table 
30).  Most organisations (73%) believed the effects of the snowstorm were either much 
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greater than expected (8) or greater than expected (11, Table 36).  Twenty seven percent 
believed the effects were as they expected.  No respondent believed the effects were less 
than expected.   
 
The emergency responses of each agency were typically related to their own particular areas 
of responsibility.  Typically responding organisations stated their first actions were to mobilise 
repair/maintenance crews, assess impacts and establish linkages with other organisations to 
coordinate the response.  Repairing and/or clearing disrupted networks was a top priority for 
infrastructure providers.  Disrupted transportation networks, lack of cellular phone 
communications (thus having to use alternative communications), and widespread power 
outages were noted as significant problems in the response.  The responses from the 
sample indicated there was an effective prioritisation of key sites (mainly telecommunication 
sites, such as cellular sites) for power restoration, although there was no indication from 
responses as to how long this prioritisation took. 
 
Welfare agencies typically looked to assess where needs were greatest and attempted to 
then mobilise available resources.  Many agencies noted the importance of liaising with other 
responders and Civil Defence coordinators.   
 
Analysis of responses from the sample indicated total appreciation/awareness of the 
magnitude of impacts took approximately 3 days.  Responders indicated the response phase 
took between 6-12 days, whilst the recovery took 2-4 months (this will likely have been 
significantly longer for farmers; Smith, 2007).   
 
The 54% of organisations that did not have problems during the snowstorm event believed 
this was because their response plan was effective (31% of sample) or no response was 
necessary (19% of sample, Table 33).  Respondents believed their staff’s previous 
experience with snow and good planning were essential. 
 
Over half (55%) percent of responding organisations believed their response plan was very 
effective (Table 35).   
 
 
6.2.1 Positive outcomes 


Most respondents (93 %) believed their actions led to positive outcomes (Table 31).  The 
responding agencies reported the following positive outcomes of the snowstorm event (in no 
particular order): 
 Many responding organisations reported it allowed them to identify areas for 


improvement and their staff and organisation gained excellent experience from the event; 
 Many responding agencies believed the snowstorm was a way to build relations with their 


clients.  Several responding organisations indicated they had a better understanding of 
the local community; 


 In several instances responding organisations commented they didn’t appreciate how 
their business’s unique abilities or attributes could greatly assist others in providing 
emergency response; 


 Many responding organisations were very impressed at their staff’s performance and 
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noted the valuable experience they had gained; 
 Several responding organisations noted that their emergency management training paid 


off; 
 The response to rescue livestock in difficulty was generally very successful; and 
 “Telecom has upgraded its rural exchanges” [Respondent]. 


 
Generally electrical lines companies were commended for a “pretty good job in difficult 
conditions”.  Whilst several responses indicated power companies could more regularly 
provide updates on likely restoration times, the GIS maps provided by several of the lines 
companies for distribution to responders and publication in the media were regarded as 
highly successful. 
 
6.2.2 Negative outcomes 


Nearly half (46%) of the respondents stated they had difficulties in performing their roles 
during the response to the snowstorm event (Table 32).  The responding agencies reported 
the following negative outcomes of the snowstorm event (in no particular order): 
 Intelligence gathering and/or impact assessment was generally poor, especially with 


telecommunications disrupted; 
 Very poor performance of the telecommunications network; 
 Widespread loss of electrical power; 
 Several responding organisations believed the Defence Forces had been poorly utilised, 


with one commenting they believed it was due to a “lack of knowledge about how they 
are utilised”; 


 Some responding organisations noted there was a lack of resources to adequately deal 
with the wide-spread response to the event, particularly aid from central government, 
staff shortages due to blocked roads, and heavy machinery for clearing and maintaining 
roads; 


 Infrastructure providers were wary of OSH/health and safety for repair crews.  Other 
responding agencies, particularly rural service providers, were frustrated by perceived 
‘red-tape’ holding up the repair of critical infrastructure; and 


 One major infrastructure provider felt it was unclear what was expected of their 
organisation in the response. 


 
The lack of appropriate equipment (generators and heavy road clearing equipment) and 
inadequate communication with the community (volunteers and was difficult to monitor 
welfare needs with communications down) were the two most common problems that 
adversely impacted an organisation’s performance. 
 
“One of the problems with the organisation I'm involved in was a lack of understanding of the 
expectations to our organisation. Possibly a briefing of what could be expected of us in this 
role in the future” [Respondent] 
Some respondents noted a lack of communication or understanding between agencies on 
some occasions.  One believed that agencies not impacted severely or struggling should 
have taken a more active role to assist other struggling organisations.   An example was 
noted by a Civil Defence EMO who believed the Police could have taken a more active role 
(and had to be encouraged to do so) in collecting information, such as door knocking.   
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One key lifeline provider was “surprised” at the invitation to join teleconferences of the 
Canterbury CDEM group co-ordinating the response.  This perhaps reflected a lack of 
affiliation felt by some lifeline organisations to be involved in strategic emergency 
management at the time of the snowstorm.   
 
Many respondents were disappointed at the time it took for central Government to confirm 
that aid money was going to be available.  One respondent noted: 
 
“…don’t sit back and wait for MCDEM to take the lead on their issues.  Agencies need to 
take the appropriate steps and communicate with their fellow response agencies and work 
through issues that concern them to ensure the next response is even more effective.” 
 
Media management was a potential issue as some respondents felt the national media in 
particular was incorrectly analysing the response, particularly in respect to them.   
 
6.2.3 Long term impacts and changes 


Many respondents believed the community will be more aware of their vulnerabilities and 
motivated to increase their household resiliency as a result of the snowstorm.  However, 
many also acknowledged that farmers and some businesses will take many months to years 
to fully recover and force adjustments to how they operate their businesses. 
 
Infrastructure providers were concerned snow damage may cause unforeseen damage to 
their networks in the medium to long term future.  Some noted they believed the community 
will have a better appreciation of what level of service they can expect in future similar 
events. 
 
Nearly all respondents (96%) believed the experience in the June 2006 snowstorm had 
increased their ability to deal with future snowstorm events (Table 43).  Many indicated they 
had improved (or reinforced the value of) their emergency response plans and staff training 
systems.  Some had installed backup generators. 
 
Most respondents (85%) believed it was either very likely (50%) or somewhat likely (35%) 
that a snow storm of this magnitude will occur in the future (Table 43).  Only 2 respondents 
(8%) believed it was not likely. 
 


6.3 Warning information  


6.3.1 Receipt of warning information 


A feature of the June 2006 snowstorm event appears to have been the perceived lack of 
warning by responding organisations.  Several organisations reported the snow depth 
predicted to fall before the event was perceived to be manageable and common for the 
region.  However, by the morning of 12 June many organisations appeared to recognise that 
this was a significant event.  Some organisations reported they didn’t realise the full 
magnitude of the event until the 13th June. 
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Only 54% of respondents believed they received warning of the potential impacts of the 
snowstorm (Table 15).  However, only 12% of respondents believed the event was going to 
be a very serious snowstorm after this initial warning (Table 18).  Twenty three percent and 
19% respectively believed it would be somewhat serious or not serious. This indicates the 
available warning information did not accurately predict the impact the snow would have. 
 
The greater than expected intensity and impact of the snowstorm is highlighted by responses 
within Table 36.  Most respondents (73%) believed the effects of the snowstorm were either 
much greater than expected (31%) or greater than expected (42%).  Twenty seven percent 
believed the effects were as they expected.  No respondent believed the effects were less 
than expected.   
 
Warning information was received from 9 different sources by the 26 respondents (Table 16).  
Over half of the sample (54%) said they had received warning information from the 
Meteorological Service1.  Twenty three percent of respondents said they had received a 
warning from within their own organisation.  Television (15%), radio (15%), and newspapers 
(8%) were used as sources of information for some respondents, highlighting the importance 
of the media as a provider of warning information. 
 
Warning information reached response managers from each respondent organisation in their 
official capacity in 35% of cases.  Some organisations believed that hazard warning 
information was freely available: 
 
“…snow storm was well publicised in the public arena (newspaper etc.)” [Respondent] 
 
“We received sufficient information from the available sources to allow us to reflect repairs to 
faulted equipment as they appeared. The nature of snow storms does not allow asset 
preparedness rather prepare repair crews, plant & equipment to respond as necessary.” 
[Respondent] 
 
Stock and station agents in particular noted their reliance on the news media for keeping 
them up to date.  This was potentially as they were not part of the CDEM Group.  Some of 
the responding organisations (3) mentioned their reliance on complaints and customer 
feedback for monitoring impacts. 
 
6.3.2 Meteorological warning  


Significant challenges are faced by meteorological organisations attempting to provide 
warnings for snowstorms.  The complex meteorological conditions that occurred during the 
storm created difficulty in forecasting the extent and location of the snowstorm (Hendrix, 
2007).   
 
In the case of the June 2006 snowstorm, the snow was relatively wet and dense, thus was 
more damaging.  This raised the issue of whether the depth of snow is the only hazard 
information required to be distributed in warning messages.  In this instance the density of 
                                                 
1 Note that more than one source of information was permitted 
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the snow was equally important for estimating or assessing likely damage to infrastructure 
networks (i.e. electrical power lines) and buildings.   
 
Many respondents indicated a strong desire for “better forecasting”.  Primarily organisations 
desired more accurate warning information which included estimates on the depth of snow, 
length of storm, and better snow-hazard information (e.g. weight of snow, wind chill factor, 
fallen wires). 
 
6.3.3 Information sources that need development 


Responses from the sample on what information/data people would like to see in hazard 
warning that would assist their decision making were aggregated into three key areas (Table 
25): increased analysis and communication of snowstorm attributes (9); increased accuracy 
of weather forecast (5); and impacts of snowstorm (6).  The first and second areas provide 
difficult challenges for weather forecasters to deliver.  The third suggests that better impact 
assessment needs to occur during the event and the information better disseminated to 
appropriate areas.   
 
Responses from the sample also indicated a possible lack of coordination is highlighted by a 
series of comments, which identify areas to improve coordination at a national level down to 
specific elements at local levels, during the response phase (Table 26).  Highlights here 
include receiving a faster response from central Government in regard to what relief funds 
are likely to be allocated.  There is also desire at a district or local level for better distribution 
of information from Civil Defence to response stakeholders and the wider community.  
Access to information during an emergency response is essential to making effective 
decisions. 
 


6.4 Management of the snowstorm by responding agencies 


Respondents generally had a good level of expertise in dealing with snow storm events 
(Table 3).  Nearly half (46%) have dealt with an event more than four times.  Only 3 of the 
responding organisations have never dealt with a snowstorm event.   
 
6.4.1 Actions that resulted from receipt of warning information 


There were generally two actions that an organisation would take on receipt of hazard 
information; activate response plans and monitor impacts as they occurred.  The loss of 
telecommunications was a common problem for many responders. 
 
Many infrastructure network managers ensured contractors and sub-contractors were 
prepared.  Generally this was reactive, with teams sent to respond as faults appeared.  
However, it became a difficult exercise with health and safety (ice and cold) and accessibility 
issues (blocked roads) meaning many contractors and repair crews were unable to perform 
their functions.  The significant damage and disruption across large areas of various 
infrastructure networks compounded access and communications problems. 
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6.4.2 Contact with other responders and information sharing 


On being informed of the warning information, 31% of respondents said they contacted other 
people and/or agencies (Table 19).  The examples listed were mainly those directly involved 
in the response effort, such as the Canterbury CDEM EOC members, Police, Federated 
Farmers.  Initially this was to establish lines of communication, impact assessment (i.e. state 
of services) and begin gathering resources (physical and human) for response.  Responses 
all occurred within 24 hours of the first snow falling. 
 
Shared information appeared to be mostly related to impacts and time till network restoration.  
The latter become an essential communication exercise for power companies to both the 
public and to other response agencies.  One transmission company immediately began 
contacting other transmission companies outside of the impact area as the storm began to 
increase and faults starting occurring on the transmission system.  Contractors were put on 
alert in the North Island and asked to prepare to be dispatched to the South Island to back up 
the current crews in the field. 
 
No organisation believed it had problems making decisions on the information available 
(Table 20).  However one respondent said that all decisions were initially made on their own 
information sources as no external sources of information were available.  Of the 
respondents, 38% believed they received the right amount of information, whilst one 
respondent (4%) believed they didn’t have enough information (58% did not respond to that 
question).   
 
Over a quarter (27%, Table 10) of respondents believed there were unexpected inter-agency 
issues that emerged as a result of the response.  Responses were related to either poor 
performance of telecommunications infrastructure, perceived poor performance of some 
agencies during the response (mostly related to poor impact assessment), or specific 
technical issues. 
 
6.4.3 Response plans  


Nearly all responding agencies had a response plan for dealing with a snow-storm related 
disaster (85%, Table 5).  Only 15% of agencies had a specific snowstorm plan (Table 6).  
Most (69%) adapted another plan.  Fifteen percent didn’t have a response plan. 
 
Most plans (77%) included inter-agency management planning (Table 8).  Emergency 
services (18), territorial authorities (16, although this may include civil defence), infrastructure 
providers (14) and community welfare groups (10) were most represented in responses 
(Table 9), however there were a large range of different agencies included.  There was a 
limited link to the media, despite the media being acknowledged as an effective method to 
communicate warning and hazard information (Table 9). 
 
There appeared to be limited or no inclusion of the Canterbury CDEM Group EOC or ECC 
within many response plans, particularly by ‘lifeline’ providers (Table 9).   
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Response plans were initiated on receipt of snowstorm warning information by 38% of 
respondents, whilst 31% of respondents implemented their response plan on receiving 
impact assessment information (Table 11).   
 
Of agencies with a response plan, 66% reported it taking less than 1 day for their response 
plans to become operational (46% of total respondents); with 38% (27% of total respondents) 
reporting it took less than half a day for their plan to become operational (Table 12).  Five 
respondents reported it took 1 day, and one respondent reported it took 2 days for their 
response plan to become operational.  Most respondents (89% of agencies with response 
plan) thought this time was as expected (Table 13); with only one reporting the activation 
time took longer than expected and one other reporting it was faster than expected. 
 
Thirty eight percent of respondents believed there were no constraints to implementing their 
response plan (Table 14).  Time taken to mobilise was the most reported constraint (5) on 
implementation of an organisation’s snowstorm response plan, which is possibly indicative of 
lines of communication being impacted by the snow storm (telecommunications and roading 
networks disrupted).  Three respondents specifically reported the loss of telecommunications 
as a constraint.  Time taken to obtain resources, availability of resources and inadequate co-
ordination were reported as constraints by several organisations.   
 
6.4.4 Performance of responding organisations in warning the community 


Over half (58%) of the respondents reported they had mechanisms in place to warn the 
community (Table 27).  Thirty nine percent stated they had no warning mechanisms in place, 
although this may be a result of the organisations not being required to warn the community. 
 
The media was essential in communicating warning and hazard information to the 
community (Table 28). Radio stations were the key media relied upon.  Many of the 
responding organisations relied on a functioning telecommunication network for their warning 
mechanisms, emphasising the importance of continued functioning for this network during an 
emergency.   
 
Of the organisations that used warning mechanisms (15), 60% believed their mechanisms 
were very effective at achieving their purpose (Table 28).  One third believed their 
mechanisms to be somewhat effective.  Only one respondent believed they were not very 
effective. This was due to several people being set up to respond to queries from staff and 
compounded by managers being unable to get into the head office. 
 
Sixty percent of the respondents that used mechanisms to warn the community (15) believed 
they were very effective (Table 29).  Only one respondent believed that they were not very 
effective.   
 
There was some desire for more readiness info from MCDEM and MAF, espeically for 
farmers (i.e. do’s and don’ts). 
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6.4.5 Impact assessment  


The June 2006 snowstorm event highlighted the difficulties for emergency responders in 
assessing impacts and providing adequate response.  Most agencies had their 
response/emergency plan activated within 1 day (often by 9am) of receiving warning and 
initial impact assessments.  However, most responding organisations reported it took 
approximately three days to assess the scale and magnitude of the event, and to get the 
response fully mobilised. 
 
Some infrastructure providers indicated they used a reactive approach, waiting for faults to 
occur on their network and/or for people to make contact with them.   
 
Rural respondents generally felt they were successful in impact assessment, especially for 
spotting and saving trapped livestock.   
 
In several instances helicopters were used for impact assessment and transporting 
emergency responders.  Rural respondents believed their use was highly successful and 
valuable in locating trapped livestock and assessing damage to farms.  They noted they were 
also able to collect additional information for other responders.  Infrastructure providers 
acknowledged there was value in using helicopters initially for impact assessment, but most 
inspection and repair work needed to be carried out by crews on the ground. 
 
Many agencies, particularly infrastructure providers, indicated a desire for improved impact 
assessment, specifically during and immediately-after the event.  Some agencies felt that this 
related to poor information dissemination, usually as a result of poor communications.  This 
included the damaged telecommunications network and poor information sharing between 
responders. Some respondents, usually non-infrastructure service providers, believed that 
there wasn’t a clear, systematic approach to on-going assessment of impacts and how well 
people were coping.  This was also reported by some farmers (Smith, 2007).   
 
The ability to quickly and rapidly assess where the damage was most intense during the 
snowstorm event appears to have been a function of local knowledge (of areas likely to be 
badly impacted), reconnaissance by key operational personnel, and from information 
collected from impacted communities - usually from telephoning in (which highlighted the 
need for reliable telecommunications).   
 
Some organisations noted it was important to rapidly and effectively assess impacts and then 
continue to monitor effects for as long as required.  Some households may be self reliant for 
the first couple of days, but after that point they begin to struggle.  Monitoring therefore must 
continue after the initial reconnaissance. 
 
6.5 Rural impacts  


Impacts on the rural community were severe and generally much greater than on the urban 
sector.  Immediate animal welfare and environmental impacts were relatively low given the 
event occurred following favourable climatic conditions leaving farmers with livestock in good 
condition and good reserves of supplementary feed.  There was significant concern that a 
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subsequent snowfall during the following winter months would require a larger response, 
given the increased vulnerability of farm and the electricity network following the June event.  
Smith (2007) recorded that many farming families suffered significant social and economic 
hardship during and following the snowstorm.  
 
One of the key issues for communities impacted by the storm was that many rural families 
were not concerned about problems on the first or second day of the event, however by the 
forth or fifth day when there were still severe problems they began to struggle.  At this point 
there didn’t look like there would be a rapid recovery (Smith, 2007).  This emphasised the 
importance of functioning telecommunications for emergency communciations and local 
support networks to provide support. 
 
Many of the responding organisations dealt closely with impacted rural communities.  A huge 
response effort was mounted by rural support organisations, with many thousand livestock 
rescued and fed.  Many farmers received Taskforce Green teams to assist in repairing 
damage.   
 


6.6 Lessons learned 


This snowstorm event highlighted infrastructure vulnerability and the high dependency 
society has on key services.  This has strong implications for other potential natural hazards.  
Whilst this snowstorm event has been acknowledged as a small to medium sized disaster, it 
left many people without essential services for weeks at considerable social cost.  It is 
questionable whether there is the required capacity available within New Zealand to 
effectively respond to a larger natural disaster.  Such an event reinforces the need to 
adequately plan and prepare for natural disasters. 
 
Key lessons taken from responses to this survey include: 
 
 There is a strong desire for a more detailed and accurate meteorological warning of what 


impacts snowstorms will cause spatially and temporally, and the characteristics of the 
snow itself.  The analysis of response plan highlights the importance of accurate and 
timely hazard warnings or impact assessments for response plan activation. 


 
 The value of effective and efficient impact assessment was highlighted during and 


following this event.  It is important information on impacted communities and damaged 
infrastructure networks is gathered as soon as possible.  Aside from obvious benefits of 
being able to repair damage and quickly respond to problems, this also has important 
implications for relieving a concerned community and informing central government so 
aid can be approved. 


 Widespread electrical power failure is largely inevitable in a large South Island 
snowstorm.  Organisations and communities need to adequately prepare for this reality. 


 
 The failure of communications systems for many organisations (and households) during 


the snow caused significant problems.  Organisations should diversify their 
communications systems to mitigate this problem, i.e. adopt radiotelephones or satellite 
phones. 
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 Disrupted transport networks made it important for emergency responders (i.e. repair 
crews) to be equipped with vehicles capable of dealing with these severe conditions (i.e. 
4WD and chains). 


 
 Experienced staff, staff training and continuously updated emergency response plans 


proved they were highly effective in increasing an organisation’s performance. 
 
 Coordination of information and communications at intra-organisational and inter-


organisational levels appeared to be lacking in some areas during the response to the 
snowstorm event.  Future planning should focus on more effective co-ordination of 
dissemination of hazard, impact and resource availability information during the response 
phase.   


 
 The snowstorm highlights the value of inter-organisational planning, i.e. intimately 


understanding how other organisations operate, their abilities and attributes, and the 
appropriate people to contact.  


 
 Rural communities will generally be without essential services for much greater periods 


than urban areas and may suffer isolation for extended periods.  They should plan to 
adequately deal with this reality.   
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APPENDIX 1  2006 SNOW STORM QUESTIONNAIRE 


 
 
1.  In what area is your agency based? ______________________________________ 
 
 
2.  During the time you have worked in your present position how many times have you 
been involved with managing a natural hazard event? (e.g., snow storm, floods, 
earthquakes).  Please only tick one. 
 
  Never     ______ 
  Once    ______ 
  Two - four times ______ 
  More than four  ______ 
 
 
3.  With respect to dealing with such natural hazards, how would you describe the level 


of experience a) you and b) your agency have of disaster management?  Please only 
tick one for each section. 


 
Yourself     Your Agency 


 
 Considerable   ______  Considerable   ______ 
 Moderate amount   ______  Moderate amount  ______ 
 Very little   ______  Very little   ______  
 
 
4. Did your agency have a response plan for dealing with a snow storm-related 
disaster?   


 
  Yes   ______  (please go to question 5) 
  No  ______  (please go to question 8) 
 
 
5.  If a plan was in place was it based on: 
 
     yes    no 
 a. Specific Snow storm plans  ______   ______ 
 or 
 b. Adapting other plans   ______   ______ 
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6.  Did the plan cater for: (tick one per line and all that apply) 
  yes   no 
 Technical/infrastructure problems  ______   ______ 
 Staff competencies/well-being  ______  ______ 
 Community issues  ______  ______ 
 Economic issues  ______  ______ 
 Political issues  ______  ______ 
 Social issues  ______  ______ 
 
 
7.  Did your plan include inter-agency management planning? 
 yes  no 
 
If yes, please list the other agencies included in your plan. 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
8. Did any unexpected  inter-agency issues emerge as a result of the response 
 yes  no 
 
If yes, please list these agencies and any issues identified 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
9.  Were you given warning about the potential impacts of this snow storm event? 


(please tick one only) 
 
 Not given any warning  ______  (please go to question 19) 
 One day  ______  (please go to question 9) 
 More than one day  ______  (please go to question 9) 
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10.  From whom did you receive this information? (tick all that apply)  
  
 From within my organisation  ______ 
 Meteorological Service ______ 
 Ministry of Civil Defence & Emergency Management ______ 


 District Council ______ 
 Regional Council ______ 
 Local Civil Defence  ______ 
 Meteorological Service ______ 
 Television  ______ 
 Radio ______ 
 Newspaper  ______ 
 Friends/relatives  ______ 
 Other (please specify) 
 ______________________________  ______ 
 ______________________________  ______ 
 ______________________________  ______ 
 ______________________________  ______ 
 
 
11. Did this information reach you in your official capacity?  
 
 Official  ______ 
 Other ______ 
 


 (Please specify) 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
12. What action(s) resulted from the receipt of this information? 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
13. What was your first reaction? 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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14. At that point, how serious a threat to the community did you think such a  
 snow storm event might be? (Please only tick one) 
 
 Very serious  ______ 
 Somewhat serious  ______ 
 Not serious  ______ 
 Not sure  ______ 
 
 
15. On being informed, did you contact other people or agencies? 
 
 Yes ______ 
 No  ______  (please go to question 19) 
 
If yes 
 
Whom? 
________________________________________________________________________ 
________________________________________________________________________ 
When? 
________________________________________________________________________ 
________________________________________________________________________ 
 
What did you tell them? 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
16. Did you have problems making a decision based on the information that you had 
 available to you? 
 
 Yes   ______ 
 No   ______ 
   
If yes, please describe. 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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17. Did you receive (Please only tick one) 
 
 Too much information   ______ 
 The right amount of information  ______ 
 Too little information  ______ 
 
 
18. If you sought information, was it 
 
 Readily available   ______ 
 Difficult to obtain  ______ 
 
 
19. Was the information you required obtainable from 
 
 One source  ______ 
 Several sources  ______ 
 
Please describe the source(s) of the information you deemed necessary for your role 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
20. What type of information/data would you like to see in hazard warning that 
 would have helped you in your decision making? 
 
Please describe/list 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
21. At what point was the response plan implemented? (Please only tick one) 
 
 No response plan   ______  (please go to question 24) 
 On receiving warning  ______ 
 On receiving impact assessment ______ 
 
 
22. How long did it take for the plan to become operational? 
 
 ______ days 
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23. Was this (Please only tick one.) 
 
 Longer than expected  ______ 
 As expected  ______ 
 Quicker than expected  ______ 
 
 
24. What constraints to plan implementation did you encounter? (Please tick all that 


apply) 
 
 No constraints  ______ 
 Time for mobilisation  ______ 
 Time to obtain resources  ______ 
 Resources not available  ______ 
 Not wanting to raise unnecessary alarm  ______ 
 Inadequate communication  ______ 
        With community members  ______ 
        With other agencies  ______ 
 Inadequate coordination  ______ 
 Other (please specify) 
 ______________________________   ______ 
 ______________________________   ______ 
 
 
25. Looking back on the snow storm, what sources of information do you feel should 
 be developed to promote better preparedness should such an eventuality occur 
 in the future? 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
26. What mechanisms did you have in place to warn the community? 
 
 No mechanisms  ______  (please go to question 29) 
 Mechanisms in place  ______ 
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27. If your agency had mechanisms in place, please describe them 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
28. If these mechanisms were used, how effective were they in achieving their  
 purpose? (Please only tick one) 
 
 Very effective  ______  (please go to question 29) 
 Somewhat effective  ______  (please go to question 29) 
 Not very effective  ______  (please go to question 28) 
 Not sure  ______  (please go to question 28) 
 
 
29. If you ticked ‘not very effective’ or ‘not sure’, please describe why 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
30. Did your agency take action to deal with the effects of the snowstorm? 
 
 Yes  ______ 
 No  ______  (please go to question 31) 
 
If yes, please describe the actions taken 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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31. Do you think that your actions led to any positive outcomes? 
 
 Yes  ______ 
 No  ______  (please go to question 31) 
 
If yes, please describe 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
32. What were the major effects, if any, of the snow storm in the area covered by 
 your agency? 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
33. Did you experience any problems in performing your role? 
 
 Yes  ______ 
 No  ______ 
 
If yes, please describe 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
If no, was this because 
 
 The response plan was effective ______ 
 No response was necessary ______ 
 Other  ______ 
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Please describe 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
34. Please read through the following list of possible problems that could have
 adversely influenced your organisations effectiveness in responding to the snow 
 storm event. I would like you to list whether you experienced any of these problems 
and, if so, to estimate how serious a threat each was to response  effectiveness  
 
 Posed a problem  If yes (please circle one per line) 
 Y  N            Very 
     Unimportant    Important    Important 
 
Lack of appropriately trained   
personnel Y  N  1  2  3 
Lack of equipment  Y  N  1  2  3 
Lack of facilities   
(e.g., accommodation) Y  N  1  2  3 
Inadequate communication 


With other agencies  Y  N  1  2  3 
With the community  Y  N  1  2  3 


Inadequate coordination of  
of response Y  N  1  2  3 
Lack of clear responsibility   
for coordination Y  N  1  2  3 
Media problems  Y  N  1  2  3 
Management issues  Y  N  1  2  3 
Public cooperation  Y  N  1  2  3 
 
Please provide additional information on issue(s) relating to response effectiveness 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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35. If your response plan was implemented, how effective was it? (Please only tick one) 
 
 Very effective  ______ 
 Somewhat effective  ______ 
 Not very effective  ______ 
 Not sure  ______ 
 
 
36. Did you learn anything from your experience in dealing with this snow storm? 
 
 Yes  ______ 
 No  ______  (please go to question 36) 
 
If yes, please describe 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
37. Were there any other positive or negative effects resulting from this experience? 
 


       Positive              Negative 
___________________________   _____________________________ 
___________________________   _____________________________ 
___________________________   _____________________________ 
___________________________  _____________________________ 
___________________________   _____________________________ 
___________________________   _____________________________ 
___________________________   _____________________________ 
___________________________   _____________________________ 
 
 
38. Were the effects of the snow storm (Please only tick one) 
 
 Much greater than expected   _____ 
 Greater than expected  _____ 
 As expected  _____   (please go to question 39) 
 Less than expected  _____ 
 Much less than expected  _____ 
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39. If the effects differed from your expectations, please describe the nature of the 
 differences 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
40. If the effects of the snow storm were as expected, on what information or  
 experience was this expectation based? Please describe 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
41. What was the total cost (estimated or otherwise) to your organisation in terms of the 


response to the snow storm? (please add any costs as appropriate in space provided) 
  
 Management/coordination _____________________________________ 
 Clean up/Snow clearing  _____________________________________ 
 Social Support _____________________________________ 
 ____________________  _____________________________________ 
 ____________________  _____________________________________ 
 ____________________  _____________________________________ 
 
 Restoring damaged infrastructure 
 - buildings _____________________________________ 
 - electricity lines _____________________________________ 
 - emergency generators _____________________________________ 
 - roading  _____________________________________ 
 - water supplies _____________________________________ 
 - waste water/sewerage _____________________________________ 
 - telecommunications _____________________________________ 
 - ___________________  _____________________________________ 
 - ___________________  _____________________________________ 
 - ___________________  _____________________________________ 
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42. Do you expect that there will be any long term effects arising from this  
 snow storm? (Please tick one per line) 
 
 yes  no 
 No long term effects  ______  ______ 
 Political  ______  ______ 
 Economic  ______  ______ 
 Social  ______  ______ 
 Community  ______  ______ 
 Other (please describe) 
 _________________________  ______  ______ 
 _________________________  ______  ______ 
 _________________________  ______  ______ 
 
 
43. If you answered yes to any of the above, please describe the long term effects 
 that you might anticipate 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
 
44. On the basis of the 2006 snow storm, how well prepared is your agency to deal 
 with any future snowstorm event? (Please only tick one) 
 
 Very well prepared  ______ 
 Well prepared  ______ 
 Not well prepared  ______ 
 
 
45. On what do you base this assessment? Please describe. 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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46. How likely do you think it is that a snow storm of this magnitude will occur in the 
future? (Please only tick one) 


 
 Very likely   ______ 
 Somewhat likely   ______ 
 Not likely   ______ 
 Not sure   ______ 
 
 
47. Could you please comment or list any changes you will make to increase resilience to 


snow storms in the future to your: 
 
 Organisation 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 


Managed infrastructure 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 


Other aspects of your business 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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Thank you for your time and cooperation in completing this survey. Should you 
wish to receive a copy of the findings of this survey, please provide a name and 
contact address below or send details to Tom Wilson (address below). 
 
Should you require any additional information on this survey, any of its content, 
or disaster management in general, please do not hesitate to contact Tom Wilson 
(Natural Hazard Research Centre, University of Canterbury, Private Bag 4800, 
Christchurch. Tel: 03 364 2700, Email: tmw42@student.canterbury.ac.nz). 
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ABSTRACT 


This report presents estimates of expected damage (fragility functions) to the agricultural 
sectors of pastoral farming, horticulture, and forestry in New Zealand when they are 
subjected to volcanic ash fall hazards of varying intensities.  The fragility functions are 
derived from a combination of 1) literature review of existing fragility estimates, 2) 
development of new functions based on consultation with agriculture and volcanic hazards 
experts in New Zealand, 3) field observations of impacts to agriculture from the 2006 
eruption of Merapi volcano in Indonesia and, 4) preliminary results from field and laboratory 
trials investigating the impact of volcanic ash on pastures.  
 
Volcanic ash thicknesses that cause 1, 20, and 90% damage to each commodity class are 
presented, along with a Weibull curve derivation methodology to derive the functions. 
Different functions are given for production loss (loss of valuable commodity produced by the 
farm, e.g. milk or fruit) and asset loss (non-saleable assets on the farm, e.g. milking sheds or 
grape vines).  This differentiation recognises the different resilience of the many separate 
components of agricultural production and farming assets on New Zealand farms. The 
changing climate through out the year has a significant influence on which activities and 
processes are preformed at particular times of the year on New Zealand farms.  These 
seasonal influences change vulnerability in each agricultural sector and have been identified 
as an important component in determining fragility of agricultural commodities to an ashfall.  
The functions provided here are thusly weighted with a seasonality co-efficient specific to 
each agricultural sector. 
 
Summary values of the different agricultural sectors are provided based on Ministry of 
Agriculture and Forestry statistics to create a baseline for future agricultural volcanic loss 
estimation.  Theoretical examples of scenario ash fall events at the Okataina Volcanic Centre 
is given to illustrate the application of the provided fragility functions.  
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Fragility functions, volcanic loss modelling, volcanic hazards, New Zealand, volcanoes, 
agriculture, RiskScape, volcanic ash, risk assessment. 







 


GNS Science Report 2007/37 6 


 


1. INTRODUCTION 


Agriculture contributes significantly to the New Zealand economy, with over 7.6% of the 2004 


gross domestic product (GDP) resulting from agriculture-related activities and food 


production, and 2.5% from forestry and wood products, together comprising a 20% 


contribution to the national annual GDP (MAF, 2007). Large areas of the North Island of New 


Zealand are farmed (Figure 1) in a variety of agricultural activities, which can mostly be 


classified as temperate, high-technology and typically high-intensity.   


 
Figure 1 Agricultural land on the North Island, after Land Information New Zealand Land Cover Database 
ver. 2, 2006, and AgriBase farm dataset.  
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Much of the agricultural activities in the North Island (e.g. Waikato, Bay of Plenty, Hawke’s 


Bay, and Taranaki Regions) lie within potential volcanic ash fallout zones from a volcanic 


eruption from the Taupo Volcanic Zone (TVZ) and/or Mount Taranaki / Egmont Volcano 


(EV)(Figure 2).   


 


 
 
Figure 2 New Zealand volcanic centres (after Cole et al., 2005).  Black dots represent volcanoes that have 
erupted in historic times, white dots with crosses represent volcanoes dated to have erupted in the past 2,000 
years, and white dots represent volcanoes dated to have erupted in the past 5,000 years and which are 
considered potentially active. The Taupo Volcanic Zone (TVZ) is outlined with a broken red line, and Egmont 
volcano (EV) with a green circle.  


 
1.1 Volcanic Ash 


Volcanic ash is the most widely-distributed product of explosive volcanic eruptions, with even 


relatively small explosive eruptions distributing ash hundreds of kilometres from the volcano.  


Explosive eruptions which produce a volcanic ash plume are typical of all New Zealand’s 


volcanoes.  These types of eruptions are capable of producing eruptions that will result in a 


complete range of ashfall thicknesses on North Island farms, from trace amounts of fine-


grained ash (potentially hundreds of kilometres away from vent locations) to significant 


volcanic ash falls of several meters close to the vents.  In recent times (past 100 years) there 


have only been small explosive eruptions from North Island volcanoes. However, due to the 


diversity of active volcanic centres in New Zealand, there remains a potential for large 


explosive eruptions which could disperse moderate to heavy falls of ash across large areas 
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of the central North Island and therefore have serious consequences to New Zealand’s 


agricultural sector.  See Appendix 1 for more information on properties of volcanic ash. 


 
1.2 Ash Hazards to Agriculture 


It is well-established that volcanic hazards can disrupt and causes losses to agriculture, both 


in New Zealand and around the world (e.g. Neild et al., 1998; Cook et al., 1981; Cronin et al., 


1996).  While heavy volcanic ash falls (i.e. > 100 mm) will have a profound effect on nearly 


all crops, animals, and farm operations, lesser amounts will impact different agricultural and 


farming interests in differing ways and with differing severity.  Recent experience with the 


1995/96 Ruapehu eruptions has illustrated even small eruptions can cause damage to the 


agricultural sector (Cronin et al., 1996).  Previous overseas experience with moderate to 


large eruptions (e.g. the 1980 eruption of Mt. St. Helens; Cook et al., 1981) clearly shows 


that that such an eruption could have significant impacts on New Zealand’s agricultural 


sector and to the wider New Zealand economy.   


 


Volcanic eruptions are highly variable in terms of duration, magnitude and chemistry.  The 


intensity of impacts they may have on all sectors of society, including agriculture, is highly 


variable and difficult to estimate, let alone forecast.  This creates a challenge when 


attempting volcanic loss assessment.  Impacts to agricultural activity following volcanic ash 


fall can include, but are not limited to:  


1. Mechanical abrasion of crops and pasture (ash is highly abrasive) 


2. Chemical burning of crops and pasture (often there are acidic aerosols attached to the 


ash when it is erupted) 


3. Inhibition of photosynthesis due to coverage of plants 


4. Breakage and burial of crops and pasture 


5. Damage to animals by ingestion of ash during eating causing abrasion of teeth and the 


gut, and irritation of eyes and respiratory tracts 


6. Chemical poisoning of animal due to attached soluble salts and metals on the ash 


7. Abrasion to animal hooves 


8. Inhibition of feeding due to ash cover of fed 


9. Damage to farm buildings and machinery due to weight of ash fall, mechanical abrasion 


and chemical corrosion.   


 


These impacts may vary with the thickness of the ashfall, and the type and source of the 


eruption. Appendix 1 provides information on the properties of volcanic ash that cause it to 


be damaging to agriculture. Other volcanic hazards, such as lahars or pyroclastic density 


currents, are likely to produce a more binary impact, usually completely destroying 


agricultural land, crops, and improvements they impact.  They have not been considered 


here. 
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1.3 Fragility Functions 


This report presents first-order damage ratio/hazard intensity curves, known here as fragility 


functions, for assessing risk to agriculture in New Zealand from volcanic ash falls.  The 


functions allow the estimation of the likely losses to a particular sector of New Zealand’s 


agricultural industry given particular ash thicknesses intensities. The fragility functions 


combine published work on volcanic ash impacts to agriculture, colloquial information from 


experts in the fields of volcanic hazards and farming, observations made of the impact of 


volcanic ash on agriculture during the 2006 eruption of Merapi volcano in Indonesia (Wilson 


and Kaye, 2007), as well as preliminary results from field trials currently being conducted 


near Ohakune and at Massey University in Palmerston North in 2007.  


 
1.4 Division of Agricultural Sectors 


Farming in New Zealand is divided into the following categories to facilitate estimation of 


agricultural production losses due to volcanic ash fall hazards (Table 1).  These categories 


have been selected due to common damage features from volcanic ashfall. 


 


Table 1 Classification of New Zealand Agricultural production commodities 


Class Sub-class Examples 


Root vegetables Potatoes, carrots 


Leaf vegetables Lettuce, spinach, silver beet 


Fruit vegetables Broccoli, peas, strawberries 


Tree crops Apples, stone fruit, citrus 


Horticulture 


Viticulture Grapes 


Dairying Friesian or jersey cows 


Beef Black angus 


Pastoral farming 


Sheep and Deer Merino or Romney sheep; red deer 


New plantings Pinus radiata, eucalyptus 


2-10 year old trees Pinus radiata, eucalyptus 


Production Forestry1 


>10 year old trees 
(Harvestable) 


Pinus radiata, eucalyptus 


 


                                                 
1 “Production forestry” is also referred to as both “logging” and “tree farming” in order to assuage 
confusion when referring to the differences between tree production and asset losses from ash 
accumulations.  
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1.5 Agricultural Inventory Data in New Zealand 


The development of fragility functions in loss assessment is typically controlled by the 


available inventory datasets. The fragility functions presented here have been developed to 


be used in conjunction with two agricultural inventory databases, AgriBase (AgriQual, 2007) 


and the Land Information New Zealand Land Cover Database, version 2 (LINZ). The former 


contains farm-type information for pastoral farming and horticulture, and the latter contains 


broad classifications of forestry holdings according to tree type.  


 
1.5.1 AgriBase 


The AgriBase dataset classifies farms into the following categories: 


• Beef  


• Dairy and Dairy Dry Stock 


• Deer 


• Grazing 


• Sheep 


• Sheep and Beef 


 
1.5.2 LINZ/LCDB2 


The LINZ/LCDB2 dataset classifies forests according to the following categories: 


• Afforestation 


• Broad-leafed Indigenous Hardwoods 


• Deciduous Hardwoods 


• Harvested Forest 


• Indigenous Forest 


• Other Exotic Forest 


• Pine Forest (Open and Closed Canopy) 


 
1.6 RiskScape 


The fragility functions presented within this report are designed for the Regional RiskScape 


Program (RiskScape; King and Bell, 2005), which is a natural hazard risk assessment 


software tool being built by GNS Science and NIWA (Figure 3). When completed, RiskScape 


will allow estimation of risk from natural hazards to various economic and demographic 


sectors, including risk to agriculture from volcanic ash and other volcanic hazards.  This 


report is intended to quantitatively answer to a first order the basic question of “what effects 


will different thicknesses of volcanic ash have on which sectors of farming?” to provide the 


RiskScape program and other interested parties with a means to assess the vulnerability of 


New Zealand farming to volcanic ash fall. It is hoped, however, that the functions developed 


here will be useful beyond RiskScape and provide a foundation for more refined analysis of 


the volcanic risk to agriculture in New Zealand. 
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Figure 3 Conceptual model of RiskScape 
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2. FRAGILITY FUNCTIONS 


2.1 Fragility Functions – Defined and Background Gi ven 


Fragility functions are numeric relationships between intensity of hazard and degree of loss, 


and are specific to each inventory class or sector.  Fragility functions are often used in the 


field of earthquake damage prediction to relate ground shaking during seismic events to 


expected damage to buildings (e.g. Akkar et al., 2005; King et al., 2004 and references 


therein). 


Limited direct use of fragility functions has been made in the field of volcanic hazards, such 


as to estimate collapse probability of residential building roof stocks from volcanic ash (e.g. 


Figure 4 - Spence et al, 2005) or to predict building damage from pyroclastic flows (e.g. 


Baxter et al., 2005). 


 
Figure 4 Example of a ‘fragility function’ for roof collapse probability with volcanic ash loading (from Spence 
et al., 2005) 


Despite there being few examples of published volcanic fragility functions that can be directly 


applied to assess volcanic losses in New Zealand, there is an extensive body of research 


into volcanic hazards elsewhere in the world and their effects on people (e.g. Horwell et al., 


2003), buildings (e.g. Zucarro and Ianello, 2004; Ho Lee and Rosowski, 2006), infrastructure 


(e.g. Spence et al., 2005; Nairn, 2002), and agriculture (e.g. Neild et al., 1998; Wilson and 


Cole, 2007; Cronin et al., 1998). Information about volcanic hazards and their impacts from 


these publications can be used to derive fragility functions specifically tailored to inventory 


classes in New Zealand.  
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2.2 Derivation of Fragility Functions – Weibull Cur ve Method 


Fragility functions can be derived from a limited knowledge of specific relationships between 


hazard intensity and damage caused by the hazard. One method by which fragility functions 


are derived within RiskScape is via the use of three hazard intensity/damage ratio data 


points (1%, 20%, and 90% damage) and the application of a Weibull curve methodology to 


create smooth curves from which damage can be estimated at any given hazard intensity. 


Such a methodology is commonly applied to calculate failure in engineering and natural 


hazard studies (e.g. Perrin et al., 2006).  


 


Loss with the 1, 20, and 90% Dr values in the Weibull methodology is defined via the 


following equations: 


 


Equation 1: 


 
  


Equation 2: 


 
  


Equation 3: 


 
  


Equation 4: 
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Equation 5: 


 
  


Derivation of Curve in 


Figure 5: 


 
  


 
 
Figure 5 Equations used to define fragility curves from 1, 20, and 90% damage levels, and corresponding 
hazard intensities (Dr. Andrew King, GNS Science, pers. comm., 2006). 
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The amounts of volcanic ash that effect a damage ratio of 1, 20, and 90% to each agricultural 


commodity considered in this report are given below in Section 3 on a sector by sector basis, 


and the methodology outlined above is used to generate the corresponding fragility curves, 


which are provided in summary plots at the end of each commodity class’ section. 


 


In order to account for the uncertainty associated with these values, three values have been 


given for the 90% value: low, average, and high. The low volcanic ash thickness would be 


somewhat likely to cause 90% damage; the average thickness would be most likely; and the 


high value would almost certainly cause nearly complete destruction. This uncertainty 


includes variability associated with future ash falls (i.e. duration of ash fall(s), composition of 


the ash/ash leachate) and the different conditions farms may be experiencing (e.g. dry year 


leading to low supplementary feed reserves). 


 
2.3 Derivation of Fragility Functions – Linear Meth od 


Linear fragility functions can also be derived from a more limited knowledge of hazard 


impacts. Users of RiskScape will eventually have a fragility function toolbox made available 


to them (Andrew King, GNS Science, pers. comm., 2007), and one tool in this toolbox will 


facilitate the creation of linear fragility curves (e.g. Figure 6 below, for the same inventory 


class as that shown above in Figure 4) from a minimum of data points. Linear functions do 


not reflect resilience of a commodity at the onset of hazardous conditions, however, and so 


the Weibull methodology for function derivation is chosen for agricultural fragility functions in 


this document.  
RiskScape Volcano Tephra Fragility Curves, Building s
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Figure 6 Vulnerability of New Zealand large (>15 m) and small (<15 m) span buildings to wet compacted 
volcanic ash, after Cousins et al., 2007. 
 


In the future, when new functions are created for more specific inventory classes or based 


upon a heightened understanding of volcanic ash damage conditions, it may be easier for the 


user to begin by creating linear fragility functions. This can be dome simply by knowing the 


volcanic ash thickness at which total destruction occurs (Dr = 1, or 100% damage), and 


connecting that thickness with the point of onset of damage.  
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2.4 Production vs. Asset Values 


Damage or loss on a farm is here considered in terms of: 1) damage to production potential, 


and 2) damage to assets (also known as capital value), therefore two separate groups of 


fragility functions are created for each agricultural commodity class.   


 


The production damage function displays impact on farm production (such as milk or fruit 


production) and is linked to a seasonality variable, to account for seasonal vulnerability 


variations in the commodities to ash fall (discussed below).  The capital value or asset 


functions model impact to a farm’s infrastructure and economic assets which will not be sold 


as commodities (e.g. buildings), and which do not need to take seasonality into account as 


they are not dependant on climate. 


 
2.5 Seasonality 


Nearly all New Zealand farming operations are dependant on the seasonal, temperate 


climate.  Different farming activities are undertaken at different times of the year because of 


the variations in temperature and precipitation.  For example, the spring growth period 


(September-November) is essential for pasture renewal for pastoral farmers and represents 


their period of highest vulnerability.  In the sector of horticulture, many crops have specific 


climatic requirements at key periods during the year.  For example, kiwifruit are at highest 


risk from volcanic ash fall for six to eight weeks after blossoming (November to early 


December) and again during harvest (April to May; Johnston, 1997), but are relatively 


resilient the rest of the year.   


 


Because of this seasonality, the time of year during which an eruption occurs becomes a 


critical factor when estimating the impact the volcanic ash fall will have on each particular 


sector.  For many agricultural sectors, only a few millimetres of volcanic ash during certain 


periods of the year will mean significant economic loss (e.g. during fruit harvest or spring 


pasture growth), whilst during other periods of the year they will be quite resilient (e.g. the 


period May-June for dairy farmers when their supplementary feed stocks are at the highest 


and cows are not milking).  In order to address these issues seasonality coefficients have 


been developed (Table 2). 


 


Table 2 Seasonality Coefficients 


 
Seasonal Vulnerability at 
Time of Analysis 


Coefficient 


Not very vulnerable (off 
season) 


0.25 


Somewhat Vulnerable 
(shoulder season) 


0.75 


Highly Vulnerable (in-season)  1.0 
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At times of the year when vulnerability is estimated to be low for an agricultural class the 


seasonal vulnerability is assumed to be 0.25.  This coefficient is specifically intended for 


horticultural farms that have periods when no crops are planted, or there is no growth on 


permanent trees or plants (e.g. fruit trees).  The value of 0.25, when applied to the damage 


ratio, will decrease the overall loss calculated in that commodity, reflecting it’s higher degree 


of resilience at that time of year.  In the “off-season” period of some vulnerability a value of 


0.75 is assigned.  This is intended to represent non-critical periods during the annual farming 


cycle, e.g. when crops are planted, but not fruiting; or during autumn when pastoral farmers 


have maximum supplementary feed reserves.  At peak vulnerability during periods of critical 


plant development, harvest or during the spring growth period, a coefficient of 1.0 is used.  In 


the case of Kiwifruit growers for example, the seasonal vulnerability chart (Figure 4) allows 


representations of the higher loss expected to the production potential of a farm if a volcanic 


ash fall occurred during blossoming or harvest (1.0).  During the rest of the year when 


kiwifruit is less susceptible to damage from volcanic ash, a lower seasonality coefficient is 


applied (i.e. 0.75 or 0.25). 


 


For deposits thicker than 100 mm, the fragility estimates provided on the chart can be used 


without taking seasonality into consideration. It is assumed that volcanic ash greater than 75 


mm will create sufficient impacts that seasonal variability is no longer applicable.  


Seasonality distribution for each of the agricultural classes is presented below in Table 3. 


 


The seasonality coefficient is applied to the loss calculation as a multiplier intended to lessen 


the loss in seasons when the agricultural commodity of interest is more resilient. An 


illustration of the application of the seasonality coefficient is given below in Section 5, and 


seasonality coefficients throughout the calendar year are provided in Table 3.   
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Table 3 Seasonal Vulnerability Chart  


 Commodity Seasonality Coefficient 


Month 
Root 
Vege. 


Leaf 
Vege. 


Fruit 
Vege. 


Tree 
Crops Viticulture Dairy Beef Sheep Deer 


Forestry: 
new 


plantings 
Forestry: 


2-10 y 
Forestry: 


>10 y 
Forestry: 


harvestable 


January  1 1 1 1 0.75 1 1 1 1 0.75 0.75 0.75 1 
 (2nd half) 1 1 1 1 0.75 1 1 1 1 1 0.75 0.75 1 
February 1 1 1 1 0.75 1 1 1 1 1 1 1 1 
  (2nd half) 1 1 1 1 0.25 0.75 0.75 0.75 0.75 1 1 1 1 
March 1 1 1 1 0.25 0.75 0.75 0.75 0.75 1 1 1 1 
  (2nd half) 1 1 1 1 0.25 0.75 0.75 0.75 0.75 1 1 1 1 
April 1 1 1 1 0.75 0.75 0.75 0.75 0.75 1 1 1 1 
  (2nd half) 0.75 0.75 0.75 1 0.75 0.75 0.75 0.75 0.75 1 1 1 1 
May 0.75 0.25 0.25 0.75 0.75 0.75 0.75 0.75 0.75 1 1 1 1 
  (2nd half) 0.75 0.25 0.25 0.25 0.25 0.75 0.75 0.75 0.75 1 1 1 1 
June 0.75 0.25 0.25 0.25 0.25 0.75 0.75 0.75 0.75 1 1 1 1 
  (2nd half) 0.75 0.25 0.25 0.25 0.25 0.75 0.75 0.75 0.75 1 1 1 1 
July 0.75 0.25 0.25 0.25 0.25 0.75 0.75 0.75 0.75 1 1 1 1 
  (2nd half) 0.75 0.25 0.25 0.25 0.25 0.75 1 1 1 1 1 1 1 
August 1 0.25 0.25 0.75 0.25 1 1 1 1 1 0.75 0.75 1 
  (2nd half) 1 0.75 0.75 0.75 0.25 1 1 1 1 1 0.75 0.75 1 
September 1 0.75 0.75 1 0.75 1 1 1 1 0.75 0.75 0.75 1 
  (2nd half) 1 0.75 0.75 1 0.75 1 1 1 1 0.75 0.75 0.75 1 
October 1 0.75 0.75 1 1 1 1 1 1 0.75 0.75 0.75 1 
  (2nd half) 1 1 1 1 1 1 1 1 1 0.75 0.75 0.75 1 
November 1 1 1 1 1 1 1 1 1 0.75 0.75 0.75 1 
  (2nd half) 1 1 1 1 1 1 1 1 1 0.75 0.75 0.75 1 
December 1 1 1 1 1 1 1 1 1 0.75 0.75 0.75 1 
  (2nd half) 1 1 1 1 1 1 1 1 1 0.75 0.75 0.75 1 


 


Vulnerability State Value 


Full vulnerability 1 
Reduced vulnerability 0.75 
Lowest vulnerability 0.25 







 


GNS Science Report 2007/37 19 


 


3. AGRICULTURAL FRAGILITY ESTIMATES 


Justification for the volcanic ash depths chosen as causing either 1, 20, or 90% damage to 


agricultural items in two classes - production or assets - are given in the following sections. 


Production refers to crops themselves, and assets refers to farm improvements, equipment, 


and multi-year crops that are valuable assets themselves.  


 


For each specified hazard intensity that corresponds to a 90% damage ratio, three volcanic 


ash thicknesses are presented for each inventory subclass. These three volcanic ash 


thicknesses can be thought of as “low,” “average,” and “high” values for how much volcanic 


ash would cause 90% damage. In other words, these values represent error in the 90% 


damage ratio point, and offer some flexibility for the consideration of additional factors such 


as volcanic ash grain size, entrained aerosol concentration, moisture content, or different 


pasture types, crop subtypes, or animal differences – none of which are directly input as 


variables into the fragility functions due to their extreme variability.   


 


The volcanic ash values causing damage to pastoral farming sectors will be presented first, 


followed by values for horticulture, and then values for forestry.  


 
3.1 Pastoral Farming 


The following discussion is divided into asset-based loses and production-based losses, and 


is followed by summary plots which provide the functions at the end of Section 3. In the 


summary plots, the “average” values for 90% damage ratio are used.  


 
3.1.1 Production Fragility 


For each agricultural sector, volcanic ash thicknesses (hazard intensities) are given for the 


three damage ratios (1, 20, and 90%) used by RiskScape to construct the fragility functions. 


As discussed above, both asset and production losses are considered, where appropriate.  


 


All New Zealand pastoral farms have a high reliance on the spring growth period to replenish 


scarce feed stocks following winter.  All farms are therefore subject to a similar seasonal 


vulnerability, with the maximum vulnerability in spring and the lowest in autumn and winter. 


 


An important extraneous factor that cannot be included within any loss model is the impact 


that climatic influences have on the rate of agricultural recovery following a volcanic ash fall.  


Rainfall is a key variable which if available in sufficient volume will greatly aid the shedding of 


ash from vegetation, animals, equipment and installations (Neild et al., 1998; Wilson and 


Cole, 2007), and will probably also contribute to a more rapid rehabilitation of pastures. 
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3.1.1.1 Dairy 


Dairy cows require significant energy inputs for prime milk production, similar to the high 


energy required for beef cows to put on weight (fattening-style farming), although the 


different farm operations and nature of herd management has led us to consider dairy 


farming separately from beef farming.  Following even a thin volcanic ash fall, the reduced 


availability of pasture, possible physiological impacts to the milking herd and uncertainty of 


future ash falls (Neild et al., 1998; Cronin et al., 1996; Wilson and Cole, 2007; Shanks, 1997) 


are likely to cause reduced milking rates (either forced by poor milk yield or as a 


precautionary measure by farmers), for example by switching from twice to once per day 


milkings.  Indeed if pastures were sufficiently covered by ash fall then milking may need to be 


halted completely (stop cows lactating, known as “drying the cows off”), depending on 


availability of supplementary feed (Wilson and Cole, 2007; Neild et al., 1998).  Once dairy 


cows have stopped lactating, they cannot immediately restart milking and will only resume at 


the next breeding cycle.  Any reduction or cessation of milk production immediately has an 


economic impact to the dairy farm which will continue through to the end of the current 


milking season.   


 


Dairy farms also have a greater dependence on clean water supply (for cleaning down of 


milking shed and usual stock drinking water requirements) and electricity (milking shed, and 


effluent and water pumps) than other pastoral farms.  Once lost then general shut-down of 


milking operations is highly likely to occur, unless alterative power sources for the milking 


sheds is available (i.e. diesel generator; Wilson and Cole; 2007).  As a result of this 


increased vulnerability dairy farms have been assigned a higher loss percentage than beef 


farming.  Table 5, below, presents the damage ratio/volcanic ash depth estimates used to 


derive the fragility functions for damage to dairy production.  


 


Wilson (2007) presents a detailed assessment of the exposure of the dairy industry in New 


Zealand to volcanic ashfall hazard, the topic of dairy fragility to ash fall is thoroughly 


examined in that document, and the reader is referred to it for further detail.  Wilson and Cole 


(2007) also present a volcanic hazard risk assessment for a model dairy farm in the Rotorua 


District, which provides additional specific assessment of damage to a dairy operation 


suffering an ash accumulation. Dairy production fragility estimates are given in Table 4.  
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Table 4 Volcanic ash damage ratios and justification  for dairy production.  


 


Dr Ash Depth (mm, 
dry) 


Effects (Damage) 


0.01  1  Ashfall may begin to impact production rates as pastures are coated with 
ash – may put stock off eating and create uncertainty for the farmer about 
the future (Neild et al., 1998; Cronin et al., 1996).   


0.2  5  Pasture covered, stock put off eating, increased use of supplementary feed 
(possibly up to 100%), additional stress on dairy cow lowers production.  
Ash takes longer to be shed from pastures (rainfall needed) – prolongs 
reliance on supplementary feed.  Once lactation ceases, there will be no 
more production for the season and farmers may need to consider 
destocking in some situations. 


100 (low) 


125 (average) 


0.9 


200 (high) 


Pasture covered and supplementary feed stocks will be used to simply 
maintain herds rather than supply additional energy for milking.  Limited 
milking could occur if electrical supply and milk tanker pickup services are 
still operational. Drastic de-stocking may be required, leaving only a small 
number of livestock with high breading (genetic) value to enable some 
economic functioning of the farm during the crisis.  Culling may be 
necessary as large scale stock evacuation is unlikely to be feasible (Neild 
et al., 1998; Wilson 2007).  Hopefully there are sufficient stock remaining 
on farms to rebuild the previous economic capacity over time (potentially to 
pre eruption capacity), although this may be difficult with pasture 
reestablishment requiring time and sufficient resources to meet the likely 
high demand (i.e. seed, fertiliser and cultivation equipment).   


 
3.1.1.2 Beef 


Whilst farming operations for beef cattle (Figure 7), sheep and deer are similar, it has been 


assumed that in general beef cattle would be more resilient to volcanic ash falls as they 


graze pasture at a higher level than sheep and deer (i.e. bite it off further from the ground; 


Cronin et al., 1996).  During and/or following an ash fall, beef herds need only maintenance-


level feeding, and as soon as the uncertainty of future volcanic ash fall ceases the beef 


farmer can, if ash fall is not too great, immediately resume intensive feeding for weight gain.  


Beef farmers have the option of conserving supplementary feed in the face of the uncertainty 


of future volcanic eruptions.  This is in contrast to dairy herds which require continuous high-


energy inputs for continuous milking, and if milking is forced to cease, production is 


terminated for the entire milking season.  This allows beef farms to be more resilient and 


suffer less economic impact than their dairy equivalents.   


 


Beef, sheep and deer farms are less vulnerable to the loss of electricity supplies than dairy 


farms.  Indeed most essential farm operations can continue without electricity, perhaps with 


the exception of electrically powered water pumps.  Beef, sheep and deer farms are 


vulnerable to the loss of a clean water supply, but they do not have the additional 


requirements for washing down of dairy sheds following milking.   
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Table 5, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to beef cattle production.  


 


Table 5 Volcanic ash damage ratios and justification  for beef cattle production.  


 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  1  Some increase in supplementary feed consumption as 
animals are put off pasture. Risk of chemical poisoning from 
aerosols (e.g. fluorosis). 


0.2  10  Pasture covered, cattle put off feeding, animal health 
impacts, increased chance of aerosol poisoning, increased 
supplementary feed required as pastures are increasingly 
covered.  This additional stress on the beef cows lowers 
their weight gaining potential.  Ash takes longer to be shed 
from pastures (Neild et al., 1998). 


100 (low) 


175 (average) 


0.9 


300 (high)  


All pasture will be coated with ash regardless of length, 
potentially stopping animals eating it.  Pastures may be 
destroyed so will need to be rehabilitated as quickly as 
possible.  Similar impacts as to dairy farms. 


 


 
Figure 7 Beef cattle feeding on ash-covered fodder in Petung, Indonesia during the 2006 Merapi Eruption in 
early July 2006. The cattle had suffered serious weight loss since the beginning of the eruption in May 2006 
(Wilson et al., 2007). 
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3.1.1.3 Sheep and Deer 


Sheep and deer graze more closely to the soil level than cattle, and so it has been assumed 


here that they are more vulnerable to health problems from volcanic ash ingestion (such as 


tooth abrasion, respiratory, gastric and eye problems, and chemical poisoning; Cronin et al., 


1996; 2003; Shanks 1997; Neild et al., 1998). 


 


 
Figure 8 Ash covered merino following the 1995-1996 Ruapehu eruption, photo by D. Johnston, GNS 
Science.  


 


Deer require more supplementary feed than sheep in general, so deer farms would have 


larger reserves of supplementary feed and thus may be able to ration this larger supply over 


a longer period, thus making them more resilient that sheep farms.  It is important to note 


that there are few exclusively deer farms, with many farmers having other stock.  This may 


give such farmers increased management options. Table 6 gives sheep and deer fragility.  


 


Table 6 Volcanic ash damage ratios and justification  for sheep and deer production.  


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  1  lowest possible value – any ashfall is likely to impact 
production 


0.2  7  Pasture will be mostly covered, stock put off eating, increased 
use of supplementary feed.  Less resilient than beef as graze 
closer to ground level – higher level of volcanic ash ingestion 
(increased animal health impacts, e.g. teeth abrasion, aerosol 
poisoning, etc.).   


90 (low)  


150 (average) 


0.9 


250 (high)   


Similar vulnerabilities to beef and dairy farms, with pasture 
rehabilitation likely to be required at this point. 
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3.1.2 Asset Loss Fragility 


A volcanic ash fall has the potential to damage the assets of a farm, including the land 


(pastures, soil fertility, etc), equipment and installations (e.g. buildings).  The cost of 


rehabilitating pastures from moderate to heavy ashfalls is relatively unknown in New Zealand 


and there are few overseas examples to draw from.  It is likely in thick ash falls (i.e. >100 


mm) ploughing or cultivation of the ash into the existing soil will be required.  Depending on 


the severity of the ashfall there may be a requirement for reseeding and fertilisation (and/or 


liming depending on soil pH).   


 


The land value represents a significant part of any New Zealand farm’s capital.  A volcanic 


ash fall that has the potential to smoother pastures and reduce the fertility of the soil may 


cause devaluation of the land’s value.  This may not occur for a small or even moderate 


volcanic eruption, as agricultural land depreciation following a natural disaster has not been 


experienced in New Zealand in recent times, even following the 2004 Manawatu floods (Mr 


Phil Journeaux, MAF, pers comm., 2006).  However following a large eruption where a large 


tract of agricultural land is taken out of production, potentially for months to years, this may 


become a reality.  There is also the need to consider the implications of the disruption and 


subsequent recession such an eruption may cause to the New Zealand agricultural sector, 


which may also lead to land depreciation.   


 


Table 7, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to farm assets. 


 


Table 7 Ash damage ratios and justification for far m assets 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01 5 mm Possible damage to gutters on farm buildings, corrosion of metal 
roofs and fences, damage to cooling systems (condensers), farm 
machinery if operating in ashy conditions (Neild et al., 1998; 
Blong, 1984; Johnston, 1997) 


0.2 70 mm Damage to pastures creating a possible need to cultivate (plough 
under) ash layer, additional fertiliser inputs, potential long term 
loss of soil fertility.  If the ash becomes wet and has not been 
cleared from roofs, then collapse may be possible (Spence et al., 
2005).  Animal deaths are likely to occur through lack of clean 
feed (dependant on supplementary feed reserves) and health 
problems.   


200 mm (low) 


300 mm (average) 


0.9 


400 mm (high). 


Inability to plough ash into soil (Neild et al., 1998), possibly 
resulting in the need to consider land use change (e.g. to 
forestry).  300 mm of wet ash is a 6 kPa load, creating a 96% 
probability (P) roof collapse for weak roof; 70% P roof collapse for 
strong roof (Spence et al. 2005).  It is likely the farm will suffer 
near complete loss of livestock herd, either through lack of feed, 
culling or health problems. 
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Figure 9 Volcanic Fragility Functions for Pastoral Farming 


 


Figure 9, above, gives the graphed fragility functions for dairy, beef, and sheep and deer 


production agriculture when threatened by volcanic ash accumulation, as well as the function 


for pastoral agriculture assets losses. 


 
3.2 Horticulture 


This category has been subdivided into five classes as shown in Table 1: leafy vegetables 


(such as cabbage, lettuce), fruiting vegetables (such as kiwifruit, tomatoes), root crops (such 


as carrots), tree crops (such as apples), and viticulture, based on the physical differences in 


the plants themselves and their varying vulnerability to ash fall hazards.   


 


It is important to note that horticultural produce is highly vulnerable to volcanic ash fall, but 


could potentially recover quite rapidly to provide a relatively unaffected crop the following 


season. 


 


The following discussion is divided into asset-based loses and production-based losses, and 


ifs followed by summary plots which provide the functions at the end of Section 3.2.  


 
3.2.1 Production Fragility 


These fragility estimates are assumed for a worst case scenario where volcanic ash is 


deposited on top of mature crops and renders them uneconomic for sale.  During light falls, 


the fruit is unlikely to be damaged significantly, but the process of cleaning them will make 
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their sale uneconomic and impractical (time considerations).  Citrus fruit will incorporate ash 


into their skins during development growth if it is not removed (Wilson et al., 2007; Barnard, 


2003) again making them uneconomic for sale. During the Mt. Etna eruption of 2002, 


regional newspapers reported 80% losses for vegetable crops, and 50% loss in citrus fruits 


from <3 mm of volcanic ash (Barnard, 2003). 


 


The formation of the fragility estimates for horticulture production has been a combination of 


literature review (much of which is from within Neild et al., 1998), expert consultation and 


supplemented by field observations from Merapi Volcano, Indonesia, of impacts to 


comparable horticultural crops damaged by volcanic ash fall (Wilson et al., 2007). 


 
3.2.1.1 Leaf Vegetables 


Table 8, below, presents the damage ratio/Ash depth estimates used to derive the fragility 


functions for damage to leaf vegetable production. 


 


Table 8 Ash damage ratios and justification for lea fy vegetable production 


 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  1  Some abrasion and chemical impacts. 


0.2  2  Ash abrasion and chemical impacts on plants.  Increased difficulty 
removing volcanic ash from crops to a satisfactory level for sale. Careful 
hand washing techniques may be necessary to remove ash from leaves 
and crevices at bases of leaves (Wilson et al., 2007). 


 5 (low)  


10 (average) 


0.9 


30 (high) 


Ninety percent of crop is likely to be un-saleable as volcanic ash coverage 
is of sufficient amounts to either destroy crops, or make ash removal so 
expensive as to make harvesting un economical (Barnard, 2003).  


 
3.2.1.2 Fruiting Vegetables 


Table 9, below, presents the damage ratio/Ash depth estimates used to derive the fragility 


functions for damage to fruiting vegetable production. 


 


Table 9 Ash damage ratios and justification for fru iting vegetable production 


 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  1  Some abrasion and chemical damage 


0.2  3  Some of crop destroyed from abrasion of fruit by ash and 
absorption of ash similar into skins, similar to tree crops but 
more severe as closer proximity to the ground (secondary 
deposition, wind abrasion, thicker bunches of leaves on 
stalks) 


5 (low)  


10 (average) 


0.9 


20 (high) 


Very small amount of crop can be successfully harvested 
and sold after intense washing and ash removal efforts 
during cleanup. 
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Figure 10 Damage to horticultural crops during the 2006 Merapi Eruption, Indonesia.  Left: Acid aerosol 
damage to chilli-pepper plants in Petung village.  Right: Acid damage to tomato plants in Magelang village during 
the same eruption.  


 
3.2.1.3 Root Vegetables 


Table 10, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to root vegetable production. 
 


Table 10 Ash damage ratios and justification for ro ot vegetable production 


 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  5   Some abrasion and chemical damage to leaves.  Most of the crop 
value retained as the valuable root remains unaffected and the 
relatively small thickness of ash may be washed from leaves over 
time either manually or naturally. 


0.2  30   Increased impacts to above ground leaves, possibly causing 
smothering or acidification damage. 


50 (low)  


100 (average) 


0.9 


150 (high): 


Crop lost due to higher amounts of ash accumulating and 
overwhelming leafy vegetable stalks near to the ground, which 
might decimate the portions of the plants above ground, but 
allows for removal of below ground (valuable) portions with some 
difficulty. 


 
3.2.1.4 Tree Crops 


Table 11, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to tree crop production. 
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Table 11 Ash damage ratios and justification for tr ee crop production 


 


 


Dr 


Ash Depth (mm, dry) Effects (Damage) 


0.01 1  Losses expected due to pitting of fruit skin and absorption of ash into 
the fruits (Barnard, 2003).  Some impact to harvesting operations. 


0.2 3  Higher frequency of occurrence of losses due to pitting and skin 
damage, also harvesting operations more severely affected. 


10 (low) 


20 (average) 


0.9 


50 (high) 


Severe impact to fruit, possible breakage of tree branches.  Very small 
amount of crop can be successfully harvested and sold, even after 
intense washing and ash removal efforts. 


 
3.2.1.5 Viticulture 


New Zealand’s burgeoning wine industry has resulted in planting extensive vineyards in the 


Hawke’s Bay region, to the east of both the TVZ and EV.  This industry would be severely 


impacted economically from ash as wine grapes are particularly vulnerable to even small (<3 


mm) amounts of volcanic ash when fruiting, as observed in Catania and Siracusa, Sicily, 


during the 2002 eruption of Mt. Etna (Barnard, 2003).  The bunched nature of grapes makes 


ash removal very difficult, making grapes far more susceptible to volcanic ash than other 


fruits and vegetables. Washing bunches of grapes with pressurized water was ineffective at 


ash removal. Hand-scrubbing was required to preserve fruit integrity.  Table 13, below, 


presents the damage ratio/ash depth estimates used to derive the fragility functions for 


damage to wine grape production. 


 


Table 12 Ash damage ratios and justification for wi ne grape production 


 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01 1  Some abrasion and chemical impacts to grapes.  Some impact 
to harvesting operations. 


0.2 2  Intensive steps necessary to save fruit (hand washing). Costs 
to recover grapes by removing ash begin to equal value of 
crop. 


1 (low) 


5 (average) 


0.9 


20 (high) 


Grapes nearly all destroyed by volcanic ash – near total loss of 
crop. 


 


Figure 11 gives the fragility functions for horticulture and viticulture production losses.  
 


3.2.2 Asset Loss Fragility 
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3.2.2.1 Seasonal Crop Farms 


This classification includes horticultural land that grows seasonal crops and improvements 


(e.g. buildings, harvesting equipment, etc). As a result it is likely to suffer similar 


vulnerabilities to volcanic ash fall as pastoral farming. Table 13, below, presents the damage 


ratio/ash depth estimates used to derive the fragility functions for damage to leaf seasonal 


crop farm assets. 


 


Table 13 Ash damage ratios and justification for se asonal crop assets. 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  5  impacts to gutters on farm buildings, corrosion of metal 
roofs, fences, damage to cooling system (condensers), 
farm machinery if operating in ashy conditions 


0.2  100  impact to soils, need to cultivate (plough under) ash 
layer, additional fertiliser inputs, potential long term loss 
of soil fertility.  Wet ash – roof collapse (Spence et al., 
2005). Specialist harvesting equipment may be 
damaged if operated in ashy conditions. 


200 (low)  


300 (average) 


0.9 


400 (high). 


Inability to plough ash into soil – land use change to 
forestry may be required.  


 
3.2.2.2 Permanent Crop Farms 


This classification includes permanent crops, which fall into the category of part of the asset 


base of a farm (e.g. apple trees or grapevines) along with the land that they are grown on 


and any improvements.  The damage that may occur to such crops (e.g. branch breakage) 


increases the vulnerability of these farms to ash fall hazards. 


 


Table 14, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to permanent crop farm assets. 


 


Table 14 Ash damage ratios and justification for pe rmanent crop assets. 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01 3  Few trees and plants destroyed, some damage to farm 
infrastructure 


0.2  75  Trees and plants breaking under ash load, minor 
damage to farm infrastructure 


250 (low)  


350 (average) 


0.9 


100  (high) 


Widespread damage to trees and plants, high risk of 
building and equipment damage (as mentioned within 
seasonal crops). 


 







 


GNS Science Report 2007/37 30 


 


3.2.2.3 Viticulture Operations 


Table 15, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to viticulture assets. 
 


Table 15 Ash damage ratios and justification for vi ticulture assets. 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  10   Some damage to grape vines from load of ash on 
leaves, physical abrasion and chemical damage 


0.2  50   Moderate damage to grape vines from load of ash on 
leaves, physical abrasion and chemical damage.  Minor 
damage to vineyard 


100 (low)  


250 (average) 


0.9 


400 (high) 


Widespread damage to vines, high risk of building and 
equipment damage. 


 
Figures 11 and 12 give the volcanic ash fragility functions for horticultural farming production 


and horticulture and viticulture asset base loses, respectively.  
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Figure 11 Volcanic Fragility Functions for Horticultural Farming (Production Loss) 
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Figure 12 Volcanic Fragility Functions for Horticultural Farming (Asset Base Loss) 
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3.3 Forestry 


There are a number of documented cases of pine trees (pinus radiata, the predominant tree 


used in New Zealand commercial forestry) exhibiting moderate degrees of resilience during 


volcanic ash falls (Means et al., 1986; Kendall Snell et al., 1986; Neild et al., 1998).  However 


it is anticipated that tree harvesting (logging) operations would be severely impacted by an 


ash fall.  As a result the log production fragility estimate is assigned for trees currently being 


harvested at the time of the ash fall.  Asset loss fragility is assigned for trees in various 


stages of development, depending on their stage of development. Data on tree ages is not 


likely to be available at the national level (Gerard Horgan, MAF, pers. comm., 2007), but in 


cases where losses to a particular section of forest are being assessed, the owner might be 


able to provide this information to facilitate a more detailed risk assessment.    


 
3.3.1 Production Fragility 


Trees retain production value over time, unless they are destroyed (see asset value for tree 


damage), young damaged trees are likely to recover and grow back (Means et al., 1986; 


Neild et al., 1998).  Production is reliant on the ability to harvest trees, so operations are 


likely to be dependant on the rate of volcanic ash fall, concentration of ash in the air and the 


duration of the ash fall.  In this instance thickness parameters for defining fragility are not 


ideal. The development of a production disruption vs. time fragility curve could be the subject 


of further research, however this is not attempted here.  


 


Table 16, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for disruption of (damage to) forest harvesting operations. 


 


Table 16 Ash damage ratios and justification for fo restry operations 


 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  1  Minor impacts to tree harvesting 


0.20  5  Moderate impacts to tree harvesting – visibility lowered, 
damage to vehicles and saws from ash ingestion, poor 
working environment (hours to weeks) 


50 (low) 


100 (average) 


0.90 


150 (high) 


Cessation of logging operations – too difficult to work in 
heavy ash fall environment (weeks to months; time values 
based on Wilson et al., in review.) 
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Table 17 below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to harvestable trees (forestry production fragility). 


 


Table 17 Ash damage ratios and justification for fo restry production, trees aged >10 years 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  100  Some broken branches, acidification and physical 
abrasion impacts are likely in the mature trees.  May 
stunt growth and cause some disruption, however 
significant loss is unlikely to occur with most trees 
recovering to be suitable for harvest.  Some impact to 
soils may cause longer term fertility issues. 


0.2  500  Older trees, up to 12 years old, are likely to suffer 
significant branch damage.  The approach for many 
older stands will need to be a “wait and see” philosophy 
(Johnston et al., 2004).  Damage may look severe, but 
forestry experience has shown in many cases the affect 
on the trees are not as bad as visual impact appears.  
Wind will be an important factor as severity of volcanic 
ash accumulation is likely to be lessened if wind 
removes the bulk of the volcanic ash over time. 
Sustained high winds can also entrain volcanic ash 
deeper into bark.  


500 (low) 


1500 (average) 


0.9 


2000 (high) 


Forestry operations will be difficult, if not impossible, for 
years to decades following the accumulation of this 
much volcanic ash. 


 


3.3.2 Forestry Asset Loss Fragility 


3.3.2.1 New Plantings 


Table 18, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to forestry assets. 


 


Table 18 Ash damage ratios and justification for fo restry assets 


Dr Ash Depth (mm, dry) Effects (Damage) 


0.01  20  Some potential toxicity/burn issues if ash has 
high aerosol concentrations. 


0.20  50  The small plantings are likely to suffer 
localised burial and ash drifts are likely to 
cover more established small plantings.  
However it is likely a proportion will emerge 
unscathed from the ash (particularly if the ash 
fall occurs in spring or early summer) 


50 (low)  


100 (average) 


0.9 


200 (low) 


It is likely that all new plantings will be 
covered with too much ash for survival.  The 
plants will either be broken or smothered by 
the ash. 
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3.3.2.2 Trees 2-10 Years 


Table 19, below, presents the damage ratio/ash depth estimates used to derive the fragility 


functions for damage to forestry production, of trees aged 2-10 years  
 


Table 19 Ash damage ratios and justification for fo restry production, trees aged 2-10 years 


Dr Ash Depth (mm, dry) Effects (Damage) 


1%  50  The young trees may suffer some localised burial from 
ash drifts.  Some breakage of branches is possible, 
however most trees should survive (particularly if the ash 
fall occurs in spring or early summer). 


20%  80  Large frequency of broken branches and burials cause 
higher percentage of trees to die. 


100 (low)  


300 (average) 


90% 


500 (high) 


The young trees will be covered with too much ash for 
survival.  The trees either break or are smothered by 
ash. 


 


 


Figure 13 provides the fragility functions for forestry production and asset base losses.  
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Figure 13 Volcanic Fragility Functions for Production Forestry 
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3.4 Summary of Fragility Functions 


Tables 20 and 21 provide the fragility functions for all agricultural sectors via listing the 1, 20, 


and 90% damage ratio hazard intensities.   


 


Table 20 Agricultural sector production loss parame ters. For the 90% damage ratios, the "low," 
“average," and "high" values represent the uncertai nty in the determination of how much volcanic ash 
would cause a 90% damage to the production of each commodity. 


 


 Production Fragility Estimates 


 Ash  (mm) at Specified Damage Ratios 


Production (products) 1% 20% 90% 


Class   Low Average High 


PASTORAL           


   Dairy  1 5 100 125 200 


   Beef  2 10 100 175 300 


   Sheep / Deer  2 7 90 150 250 


SILIVICULTURE      


   Tree harvest  1 5 50 100 150 


HORTICULTURE      


   Root Veg.  20 40 50 100 150 


   Leaf Veg. 1 2 5 10 30 


   Fruit Veg. 1 2 5 10 20 


   Tree Crops 1 3 10 20 50 


VITICULTURE      


   Grapes 1 2 1 3 15 
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Table 21 Agricultural sector asset loss parameters (for the 90% damage ratios, the "low," “average," 
and "high" values represent the uncertainty in the determination of how much volcanic ash would cause 
a 90% damage to the asset base of each farm type). 


 


 Asset Fragility Estimates 


 Ash (mm) at Specified Damage Ratios 


Asset Base 1% 20% 90% 


Class   Low Average HIgh 


PASTORAL      


   Pastoral Agriculture 5 70 200 300 400 


HORTICULTURE      


   Seasonal Crops 5 100 200 300 400 


   Permanent Crops 3 75 100 250 350 


SILIVICULTURE      


   New plantings 20 50 50 100 200 


   2 to 10 years 50 80 100 300 500 


   >10 years 100 500 500 1500 2000 


VITICULTURE      


   Vineyards (grapes) 10 50 100 250 400 


 


HARVESTABLE TREES SHOULD BE IN PRODUCTION NOT ASSET 
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4. AGRICULTURAL SECTOR VALUES 


Values per hectare (Table 22) are provided for the agricultural classes assigned fragility 


functions above.  Values are based on MAF model farms (MAF, 2006) which are constructed 


to be representative of all farms across a region, and thus risk assessment of real individual 


farms with areas that deviate significantly from the size of the model farm (e.g. Waikato / Bay 


of Plenty, 83 hectares, MAF 2007) will be inaccurate.  
 


Table 22 Average market values for different New Ze aland crops, after MAF 2007. Sources: 1-Best 
estimate and adapted from Wilson, 2007; 2 – 2006/2007 gross margin; 3-South Auckland/Waikato; 4-Fresh 
and frozen blueberries, blackcurrants, strawberries , and boysenberries; 5-lemons, avocados, cherries, 
persimmons, mandarins, apricots; 6: Hawke’s Bay average of pinus radiata, macrocarpa, eucalyptus, 
Douglas fir, and Australian blackwood, MAF 2007; 6 – best guess estimate based on data on MAF website ; 
7 – Gerard Horgan, MAF, pers. comm. 2007.  


 


Class Item $ Per Hectare 


Dairy 


Est. av. sale price: 25,0001;  


Est. av. dairy cow production asset value: 4,2001;  


Total est. av. dairy farm asset base value – 29,2001 


Beef 


Est. av. sale price: 22,0001;  


Est. av. beef cow production asset value: 3,0001;  


Total est. av. Beef farm asset base value – 25,0001 


Sheep 


Est. av. sale price: 20,0001;  


Est. av. Sheep production asset value: 2,5001;  


Total est. av. sheep farm asset base value – 22,5001 


Pastoral Farming 


Deer 


Est. av. sale price: 20,0001;  


Est. av. Deer production asset value: 3,0001;  


Total est. av. deer farm asset base value – 23,0001 


Grapes  15,704 (revenue) 


Root vegetables  940 (potatoes2); 2,205 (onions2) 


Leaf Vegetables  3,265 (average2,3) 


Fruit Vegetables  2,120 (asparagus2), 16,9063,4 


Horticulture 


Pipfruit (tree crops) 38,312 (apples); 16,2455   


New Plantings  ~5,0006 


2-10 y  ~10,0006 


Forestry 


> 10 y 
(harvestable) 23,8507 
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5. EXAMPLE APPLICATION OF FRAGILITY FUNCTIONS – PRO DUCTION 
LOSS 


5.1 Overview 


To illustrate the application of the fragility functions presented above in Section 3 to farms in 


the AgriBase dataset, a scenario ash eruption from the OVC is generated with the ASHFALL 


model (Hurst, 1994). This example is based on one presented in Kaye, 2007.  Three farms 


are selected – a dairy farm with two blocks (Farm A), a beef farm with two blocks (Farm B), 


and a deer farm with one block (Farm C). The farms are shown in Figure 14, below. Values 


of the farms are arbitrarily created for this example and are not sourced from Table 22 


because the values presented there reflect those of MAF regional model farms and are not 


appropriate for assessment of loss at an individual farm level.   


 
5.2 Hazard Intensity 


The volcanic ash thickness atop the example farms is also shown in Figure 14, by both the 


ASHFALL-output raster (shaded purple to brown colours), and as depth isopachs (broken 


black lines).  


 


Because two of the farms (B and C) are sufficiently large so as to have a range of volcanic 


ash depths across their extent, spatial statistical techniques are utilized in ArcGIS to assign 


each farm a volcanic ash thickness. The “zonal statistics” tool in the Spatial Analyst 


extension provides the minimum, maximum, average, range, and standard deviation of the 


values of a raster (in this case ASHFALL volcanic ash depth) across the specified zones (the 


farm polygons). These values are given below in Table 23.  
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Figure 14 Ash depths at example farms from the scenarios OVC eruption 
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Table 23 Spatial ash depth statistics on example far ms 


Farm 


Farm  


Type 


Area  


(Ha) 


Ash min 


(mm) 


Ash Max  


(mm) 


Ash 
Range 


 (mm) 


Ash 
Mean 


(mm) 


Ash 
Standard. 
Dev. 


(mm) 


A Dairy 1900 36 87 51 57 13 


B Beef 100 50 50 0 50 0 


C Deer 2200 75 155 80 113 22 


 


The mean volcanic ash depth for each farm as determined by the spatial statistics (given in 


Table 23, above) is the hazard intensity value that is input into the fragility functions to 


calculate losses from volcanic ash at this time. This approach has drawbacks for excessively 


large farm polygons, which have the potential for large variation in volcanic ash depth from 


one part to another.   


 


A means of circumventing this issue would be to pre-emptively cut the farm polygons bigger 


than 1 km x 1 km (or whatever the ASHFALL model output grid spacing is) into smaller 


segments, assign each segment a hazard intensity, and then use these values to calculate 


the losses for each segment and then sum the results to provide the loss for the entire farm. 


Refer to Kaye (2007) for details on application of such an approach.  


 
5.3 Loss Calculation 


The damage ratio for each example farm can be calculated from the fragility function for 


pastoral farming given in Figure 9.  Calculation of loss can then be made using the values 


given in Table 23 according to the equation: 


 


Equation 6   Lossn  =  (Fi(Tn)*An* SCi* Vi) 


 


Where  


• An   = Area of farm n 
• Fi(t )   = fragility function for crop i at volcanic ash depth t (also called Dr or damage 


ratio) 


• SCi  = seasonality coefficient for crop i 


• Vi  = Value of crop i per hectare 


 


Results of this calculation are given in Table 24.  Table 25 shows the difference in losses if 


the above eruption were to take place in the first half of July, for example (see Table 4). 
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Table 24 Damage ratios and losses for example farms , eruption at 1 October. Values are arbitrary, but 
approximately reflect reasonable values for the res pective classes of farming. 


Farm Type Volcanic 
Ash 


Area 
(Ha) 


Dr $ / Ha Seasonality 
Coefficient 


Loss ($) 


A Dairy 57 1900 0.82 4,000 1 6,232,000 


B Beef 50 100 0.78 2,000 1 156,000 


C Deer 113 2200 0.96 1,000 1 2,112,000 


 


Table 25 Losses if eruption took place in the first  half of July 


Farm SC Loss ($) 


A 0.75 4,674,000 


B 1 156,000 


C 1 2,112,000 


 


The above example is also based on the assumption that each farm has the same type of 


crops or farming use across its entire extent. The following section provides a method to 


refine the loss estimation if the farms in question have an unequal distribution of multiple 


types of farming, and detailed information about their relative distributions is made available.  


 
5.4 Farms with Unequally Distributed Crop Types 


Many horticultural and arable farms in New Zealand grow more than one crop type.  This 


complexity has been accounted for by assessing the loss to each crop type on each farm, 


where such information is available. 


 


For the sake of illustration, consider the farms in the above example not as pastoral farms 


with livestock, but instead as being planted in a variety of horticultural pursuits, in an uneven 


distribution within each farm. Assume the scenario eruption takes place in early September. 


Table 26 gives the relative percentages of the crops planted on each farm. 


 


Table 26 Example farms, relative percentages of farm  area planted with various crop types volcanic 
ash thicknesses 


Farm Hectares (total) Agricultural Classes (% of fa rm by area) T n (Volcanic ash 
in mm) 


A 1900 100% Lettuce 57 


B 100 50% Tomatoes, 50% Onions 50 


C 2200 75% Grapes, 25% Apples 113 


Table 27 gives the relative values of the different crop types, arbitrarily generated for this 


example.  
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Table 27 Arbitrary values of different crop types, for this example only  
 


Crop $ / Ha 


Lettuce 200 


Tomatoes 500 


Onions 100 


Grapes 2000 


Apples 800 


 


The loss on each farm (Loss, farm “n”) can then be calculated by Equation 7 as: 


 


Lossn = ∑
=


n


mi


 [(Pi*An* Vi *(Fi (Tn))*SCi) + (Fii(Tn)*SC2*Vii *Pii)+…..(Fn(Tn)*SCn*Vn*Pn)] 


 


Where 


• Pi = percentage of farm occupied by commodity i 


• An = Area of Farm N, in hectares 


• Vn = commodity value in farm N, in $ / hectare 


• Fi(Tn) = fragility function for commodity i (equal to damage ratio Dr in above example) 


• SCi = seasonality coefficient for commodity i 


• ΣP = 100% 


 


In the case of the example farms, using the fragility function outlined in Figure 11 and the 


value information in Table 27, losses can be calculated: 


 


For Farm A, Loss = [(100%*1900 Ha)*($200/Ha)*(1*0.75)]  


= $285,000 


 


For Farm B, Loss = [(50%*100 Ha)*($500/Ha)*(1*1)]+[(50%*100 Ha)*($100/Ha)*(0.33*0.75)] 


   = $18,750 + $5,000 


   = $23,750 


 


For Farm C, Loss = [(75%*2200 Ha)*($2,000/Ha)*(1*1)]+[(25%*2200 Ha)*($800/Ha)*(1*1) 


   = $2,475,000 + $440,000 


   = $2,915,000 


 


Results are given in Table 28.  
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Table 28 Losses for example farms, if eruption took  place in the first half of September 


Farm Crop type ($/Ha) Percent Hectares Crop 
Value $  


Ash Depth 
(mm) 


Dr SC Loss ($) Total 
Loss ($) 


A Lettuce (200) 100 1900 380,000 57 1 0.75 285,000 285,000 


Tomatoes (500) 50 50 25,000 50 1 0.75 18,750 B 


Onions (100) 50 50 5,000 50 0.33 1 5000 
23,750 


Grapes (2000) 75 1650 3,300,000 113 1 0.75 2,475,000 C 


Apples (800) 10 550 440,000 113 1 1 440,000 
2,915,000 


 


As above, this method assumes that the volcanic ash thickness is uniform across the entire 


farm. If the thickness varies, and detailed information about the spatial distribution of the 


various crops is known via a small-scale map of the individual farm, then the values used for 


Tn in each crop’s loss calculation step could be modified.  
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6. DISCUSSION AND CONCLUSIONS 


6.1 Key Assumptions and Limitations 


In compiling the agricultural volcanic ash fragility estimates, some important assumptions 


have been made as discussed here.   


� There is a shortage of reported / observed examples of loss to agriculture from volcanic 


ash fall (at any thickness).  Therefore expert opinion has been used where possible, and 


in some cases a best guess made. 


� A key assumption made is that the measurable estimated impacts to each farming sector 


were solely from one volcanic ash accumulation (i.e. value is diminished during the 


volcanic ash fall episode in one iteration).  The volcanic ash was considered to have 


fallen in one short, discrete episode, and not followed by additional falls.  Once volcanic 


ash fall has ceased, there has been no consideration of recovery and rehabilitation efforts 


(i.e. have they begun immediately or been disrupted by further volcanic phenomenon).  


The effects of a long, drawn out eruption, with punctuated volcanic ash fall events, are 


not within the scope of this model (as yet), as they impart a level of complexity to 


assessing the impacts to agricultural commodities that merits further investigation at a 


later time (discussed below). 


� There has been no consideration of differences caused by different compositions 


(including leachable aerosols) of ash (i.e. silicic versus mafic ash).  Nor is there 


consideration of volcanic ash grain size.  


� In an eruption, conditions will certainly vary from farm to farm due to topographic 


influences, complex winds at specific locations and agricultural sector quality.  Our 


fragility estimates do not take such variations into account.  Furthermore, the RiskScape 


engine utilizes scenario and probabilistic volcanic ash fall models that provide volcanic 


ash thickness estimates around a certain volcanic vent in stepped-integer amounts (i.e. 


polygons representing whole-number volcanic ash thicknesses nested within a larger set 


of polygons whose value diminishes with distance from the vent). In reality, volcanic ash 


falls are likely to be gradational.   


� Some farming operations are dependent on “lifelines” (e.g. dairy operations on electricity, 


clean water supply, and chilled storage facilities). The fragility function estimates do not 


take into account these interdependencies; they are provided only as estimates of how 


differing amounts of volcanic ash will lower economic output via incurred losses for 


farming operations.  


� Values given in Table 23 are based on model farm (MAF, 2006). RiskScape is not 


intended to be able to assess risk to individual farm assets (Andrew King, GNS Science, 


pers. comm., 2007). A farm owner who has detailed information about the value of their 


farm’s production, as well as maps showing the distribution and relative percentages of 


the various crops grown there should be able to apply the fragility estimates provided in 


this report to obtain a first-order measure of risk from a volcanic ash fall.    
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6.2 Conclusions 


• Fragility functions have been presented for estimating losses to agricultural commodities 


from volcanic ash accumulation hazards in New Zealand 


• A summary of the 1, 20, and 90% values used to derive fragility curves with the Weibull 


method used by RiskScape is given in Tables 20 and 21. Linear curves could also be 


derived from more limited data. 


• Seasonality is a critical component when considering impact to agriculture from volcanic 


ash. A first attempt has been made to reflect this in the loss estimation methodology 


outlined in this paper via a seasonality coefficient 


• The volcanic ash depths given are estimates based on literature review, field 


observations, and conference with experts in the fields of physical volcanology, hazards, 


risk assessment, and agriculture.  


• Better-quality loss estimation can be ensured if higher-resolution data describing the 


spatial distribution of different types of pastoral faming and cropping activities on farms. 


Nationally available databases such as AgriBase and LCDB2 can be utilized, but with 


only coarse results.  


• Values are provided for the major agricultural classes outlines in this paper, but these are 


estimates based on MAF regional model farms (MAF, 2006), and are valid as a rough 


guide that should only be used to determine relative loss.  


 
6.3 Future Directions 


These fragility estimates are a first attempt done to fill a gap in volcanic risk estimation 


techniques in New Zealand, and should be refined as future research and review occurs.  


Every effort has been made to ensure they are as accurate as possible, although it is hoped 


this report will trigger debate and review.   


 


This work will be expanded in the near future to include further development of the 


agricultural fragility functions to include: 


• accounting for multiple volcanic ash falls  


• consideration of recovery and mitigation efforts in lessening the loss estimation over time 


(e.g. decay function that progressively reduces the impact from a particular volcanic ash 


fall over time i.e. monthly increments).  This has not been attempted here as it is currently 


unclear how it would be incorporated into the RiskScape programming format, although it 


will be a key consideration in any future work. 


 


Future work should include field investigation of actual farming response to volcanic ash fall. 


This will provide a means of refining the fragility functions within this report, as well as the 


effects of seasonality.  
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APPENDIX — PHYSICAL PROPERTIES OF VOLCANIC ASH 


A.1 Thickness and grain size of the ash deposit  


The thickness of the ash fall is determined by the magnitude of the eruption, the wind 


direction during the eruption, and proximity to the volcano. The grain size of the ash deposit 


is similarly determined by these characteristics.  The presence of water during the eruption 


also has a significant influence, causing magma to be super-cooled and quench, rapidly 


releasing energy and causing vesicles in the magma to shatter.  The resulting ash is usually 


fine and blocky fragments (Heiken and Wohletz, 1985). 


 
A.2 Components of volcanic ash  


Volcanic ash is composed of glass shards, crystal/mineral fragments, and lithic particles 


(fragments of older material such as rock stripped off the magma chamber walls) in varying 


proportions depending on the style of eruption (Heiken and Wohletz, 1985). The proportions 


of each may change throughout the duration of the eruption. Volcanic ash is generally hard 


(ranging from 3-8 on Moh’s scale of hardness) and has sharp broken edges making it very 


abrasive. Mineral fragments reflect the magma type, as they are derived from phenocrysts 


with in the magma. The chemical composition and rate of cooling of the erupting magma will 


determine the different mineral assemblages. Glass shard shapes and sizes depend upon 


the shape and size of vesicles present within the magma immediately before eruption 


(Heiken and Wohletz, 1985; Blong, 1984). These differences in ash components and grain 


types, alters the physical impacts of ash deposition. Individual volcanoes may have a typical 


composition of magma which is unique to that volcano. 


 


Volcanic ash is readily remobilised when dry, very electrically conductive when wet, and 


highly abrasive, particularly as most ash is made up primarily of glass shards (Heiken and 


Wohletz, 1985).  


 
A.3 Adsorption of volatiles  


The most chemically reactive components of ash are thin films of compounds derived from 


magmatic gases that adhere to ash grains, forming reactive surface coatings (Witham et al., 


2005; Rose, 1977). Scavenging of aerosols within volcanic plumes is complex, and is 


controlled by:  
- magma type and ash composition 


- mode of eruption 


- gas-pyroclast dispersion immediately following fragmentation 


- concentration of the plume 


- ratio of particles to gas 


- particle size fractions 


- particle surface area, porosity and texture 
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- temperature and chemical history or the particle trajectory through the plume 


- environmental conditions (including wind and humidity) 


- extent of hydrothermal interaction at the volcano. 


 


Fine ash particles have large surface areas relative to their mass, allowing transport 


significant amounts of soluble aerosols given the size of the ash particle.  As the finest ash 


particles travel the greatest distance from a volcano, relatively thin ash falls many 


contaminate water bodies with potentially toxic concentrations of aerosols (Cronin, et al. 


2003).  


 


Many adsorbed elements are highly soluble, and rainfall or surface water flow onto freshly 


deposited ash will readily leach these materials into the environment.  The concentration of 


the leachate itself is highly dependent on the volume of water that comes into contact with 


the ash (Witham et al., 2005).  Ash may fall directly onto water bodies where soluble salts 


can rapidly dissolve within the water or be uptaken into soils and plants.  Raised 


concentrations of high F, Cl, Se and SO4
2- concentration and low pH have been recorded in 


rivers and soils following deposition of ash during volcanic activity (Cronin et al., 1998; 


Oskarsson, 1980; Smithsonian Institution, 2000; Stewart et al., 2006). 
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Overview 


The impact on pasture and soil is potentially the most important impact of ashfall on pastoral 


agriculture, creating short and long term impacts.  Chapter 4 describes laboratory, tunnel-house and 


field trials used to quantitatively analyse the impact of moderate to thick deposits of ashfall and 


lahar debris to pasture and soils, and measure the effectiveness of different rehabilitation 


techniques including tillage and fertiliser treatments.   


This chapter will be reduced in size when submitted for publication, with some text provided as 


electronic supplementary material (ESM).  The extensive literature review has been included here to 


demonstrate knowledge on the subject. 
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on the development of the manuscript.  Assoc. Prof. Cronin and Prof. Jim Cole assisted with trial 
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discussion on development of the trials.   
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4.1 Abstract 


Pastoral farms are vulnerable to the physical and chemical effects of volcanic ashfall hazards.  Thin 


ashfalls may put livestock off eating pastures, but at greater ashfall depths there is the potential for 


long term disruption of pasture production and long-term impacts on soil fertility.  Limited 


knowledge of the impact of ashfall impacts on pastures and performance of possible rehabilitation 


strategies, particularly for ash depths of >50 mm, constrains post-ashfall planning and development 


of mitigation techniques.    Laboratory, tunnel-house and field trials have been used to quantitatively 


analyse the impact of ashfall and lahar debris to pasture and soils, and to measure the effectiveness 


of different rehabilitation techniques including tillage and fertiliser treatments.  Ashfall thickness 


was found to be the key determining factor influencing impact on pastures.  Ashfall frequency and 


duration, along with ash characteristics such as grainsize, mineralogy, and soluble volcanic salts, 


were also important controls on the level of impact.  The unique interaction of all these variables 


determines the level of damage and disruption to pastoral agriculture.   


Fine grained, ashfalls <50 mm acted as a mulch, sometimes increasing pasture yields under ideal 


growing conditions.  Heavy ashfall ≥100 mm buried pasture and only very limited recovery occurred.  


Desiccation cracks in ash deposits provided gaps for pasture to emerge.  Pasture recovery was most 


successful within 2-4 weeks following >50 mm ashfall.  Many on-going thin ashfalls over a prolonged 


period, with no rainfall, was the most damaging to pasture yield.  In contrast, on-going thin ashfalls, 


with frequent rainfalls, performed significantly better than one-off ashfalls.  Pastures were 


negatively impacted when exposed to thick ashfalls with large coatings of volcanogenic soluble salts.  


Ryegrasses exhibited potentially toxic levels of sulphur, potassium, calcium, and copper; iron, 


aluminium, sodium, manganese were also elevated following 50 mm of Ruapehu ash.    Dry 


conditions exacerbated elemental concentrations in plants, due to reduced leaf cleaning by rain and 


flushing of soils.  Sulphuric acid-coated ash suppressed germination in field trials, and inhibited root 


development where germination did occur.  Soil characteristics were dramatically altered following 


ash treatments.  Persistently low CEC, nitrogen, organic-C, exchangeable cations; continual sulphuric 


acid production from sulphide weathering; and low soil water holding capacity limited germination 


and seedling-growth potential.  Development of a hard crust on the ash deposit from elutriation 


(during dewatering), rain compaction and possible chemical precipitation was an additional barrier 


to seedling establishment and regenerating pastures from the buried topsoil.  It also significantly 


inhibited water infiltration, leading to surface runoff and soil erosion.  Crust development was 


mitigated by heavy cultivation.  Where topsoil had been mixed with the ash deposit pasture 


establishment was most successful in the long term.   
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4.2 Introduction 


Volcanoes are known for devastating eruptions that destroy ecosystems and bury landscapes with 


volcanic ash (Ugolini & Dahlgren 2002).  But from the pyroclastic material deposited (e.g. volcanic 


ash) develop some of the most productive soils in the world with the capacity to sustain high-


intensity farming (Shoji et al. 1993).  Long-repose periods between eruptions, fertile volcanic soils 


and high land-use pressures often results in high population density in volcanic regions (Shoji et al. 


1993; Annen & Wagner 2003).  Thin ashfalls are generally beneficial to pastures and soils, but 


heavier ashfall or falls occurring at sensitive periods of the year, may have a significant negative 


impact on agriculture (Cook et al. 1981; Blong 1984; Cronin et al. 1998; Neild et al. 1998; Wilson & 


Cole; 2007).  For example crop losses following the 1980 Mt St Helens eruption were estimated at 


over US$100 million in 1980 (US$259 million in 2009), despite being significantly less than first 


anticipated (Cook et al. 1981). 


Volcanic ash is the most widely-distributed product of explosive volcanic eruptions.  Ash particles 


ejected from an eruption vent are typically incorporated into an eruption column and may buoyantly 


rise tens of kilometres (up to 50km) into the atmosphere or stratosphere (Sparks 1986).  Eruption 


plumes are dispersed by prevailing winds and the ash can be deposited hundreds to thousands of 


kilometres from the volcano, depending on wind strength, grainsize and eruption magnitude.  


Volcanic ash particles are made up of irregularly shaped glass and fractured rock, making them very 


hard and abrasive. Magmatic gases are adsorbed on to the ash particle surfaces while they are in the 


conduit and plume and the commonly sponge-like particles provide extremely high surface 


area:volume ratios. Fresh ash releases soluble components as soon as rain falls, with over 55 soluble 


components known to occur in volcanic ash leachates (Witham et al. 2005). Surface coatings on 


fresh ash are also highly acidic, due to the presence of the strong mineral acids H2SO4, HCl and HF.   


Volcanic ash leachates are hence often very corrosive, toxic to livestock and humans, and electrically 


conductive when slightly wet (Heiken & Wohletz 1985; Cronin et al. 2003; Witham et al. 2005; 


Stewart et al. 2006). 


Climate, vegetation, age, slope and biota are primary factors regulate soil development in volcanic 


deposits (Ugolini & Dahlgren 2002).  Volcanic ash derived soils have unique morphological, physical 


and chemical properties, largely due to the formation of non-crystalline materials, usually from the 


rapid weathering of glassy particles such as allophone, imogolite, ferrihydrite, and other Al/Fe 


complexes (Dahlgren et al. 1999; Ugolini & Dahlgren 2002).  These metastable non-crystalline 
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materials induce several distinctive physical (low bulk density, highly friable, high water holding 


capacity) and chemical (high organic matter accumulation, phosphorus fixation, variable charge 


characteristics) properties to volcanic soils (Lowe 1986; Shoji et al. 1993; Dahlgren et al. 1999).  In 


regions with intermittent deposition of volcanic ash, each fall event adds new material and nutrients 


to rejuvenate soil development processes and long-term fertility status of terrestrial ecosystems 


(Dahlgren et al. 1999; Ugolini & Dahlgren 2002).  These processes require decades to centuries to be 


strongly expressed (Lowe 1986; Shoji et al. 1993; Neild et al. 1998; Dahlgren et al. 1999).   


Pastoral farms are vulnerable to the physical and chemical effects of volcanic hazards, through 


impacts on vegetation, soils, animal health, human health and essential infrastructure (Table 4.1) 


(Rees 1979; Blong 1984; Neild et al. 1998; Cronin et al. 1998; Wilson & Cole 2007; Ort et al. 2008).  


Thin ashfalls (<20 mm), which are the most common and widespread impacts of an explosive 


eruptions, may create only slight impacts. They may put livestock off eating, but also may increase 


pasture production by providing a mulching effect and/or slight fertilising effect, such as occurred 


following the 1980 Mt. St. Helens and 1995/96 Ruapehu eruptions, respectively (Cook et al. 1981; 


Cronin et al. 1998).  Heavier deposits will cover, lodge and bury pasture and alter soil processes 


depending on depth (Table 4.1).  Falls over 100 mm have resulted in evacuation of livestock from 


pastoral farmland, and at times resulted in long-term changes to agricultural land use (Table 4.1).  In 


the event of such large-scale events, it will be an imperative to accelerate the natural soil recovery 


process to hasten a return to full farm productivity and community economic recovery.  


Rehabilitation of pastoral/agriculture land following heavy ashfalls has not been recorded widely in 


published literature, despite its recognised importance (e.g. Neild et al. 1998; Wilson & Cole 2007). 


There is limited knowledge about the impact of volcanic impacts on pastures and performance of 


possible rehabilitation strategies, particularly for ash depths of >50 mm (Neild et al. 1998).    Ashfall 


frequency and duration, along with ash characteristics such as grainsize, mineralogy, and soluble 


volcanic salts, are also important controls on the level of impact (e.g. Cook et al. 1981; Folsom 1986; 


Cronin et al. 1998, 2003; Ort et al. 2008).  The unique interaction of all these variables determines 


the level of damage and disruption to pastoral agriculture (Ort et al. 2008).   


This study used laboratory, tunnel-house and field trials to quantitatively analyse the impact of 


ashfall and lahar debris on pasture and soils, and to measure the effectiveness of different 


rehabilitation techniques including tillage and fertiliser treatments.  Various parameters were 


investigated, including the influence of thickness, grainsize, composition and frequency of deposition 


of volcanic deposits; volume and frequency of rainfall; cultivation techniques; and fertiliser 


applications.   
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Table 4.1: Instances of volcanic ashfall effecting pastoral farms 


Eruption Area Affected Effects Reference 


Parícutin, 
1943-56  


Michoacán, 
Mexico. 


Approximately 1.3 km3 of scoria fall covering ~300 km2 to depths >150 mm 
killed nearly all plant life within 5–8 km of the cone within the first year.  
Farmers attempted unsuccessfully to wash the scoria away by diverting 
rivers.  Bulldozers were used to clear scoria from agricultural land, but were 
prohibitively expensive.  Tephra deposits <100-250 mm could be manually 
removed or ploughed into the underlying soil with weeds, which provided 
some nutrients.  Deposits >250 mm were unmanageable. 


Eggler 1963; 
Rees, 1979; 
Luhr & Simkin 
1993; Fisher et 
al. 1997; Ort et 
al. 2008 


Hekla 1970 Southern & 
central Iceland. 


Approximately 0.66 km3 of andesitic ash was erupted and deposited over 
40,000 km2.  Pastures were contaminated with extremely high levels of 
Fluoride from the ash.  Where ash was 10 mm thick analysed grass showed 
4,300 ppm F two days after the eruption, which fell to <30 ppm F after 35-
40 days, partly due to rainfall induced leaching.  Several thousand sheep 
died from acute fluorosis in west Hunavatnssysla and parts of Arnessysla.  


Georgsson & 
Petursson 1971 


Eldfell, 1973 Heimaey, 
Iceland 


Approximately 0.02 km3 of basaltic scoria was erupted and buried >3 km2 of 
pasture land.  Pasture could not re-establish on the coarse-grained, 
unconsolidated scoria due to constant reworking, poor moisture retention, 
low cation exchange capacity and low nutrient availability.  Pasture re-
establishment was achieved by applying a layer of topsoil and a fertilisation 
and seeding programme. 


Wilson et al. 
submitted-a 


St Helens, 
1980  


Eastern 
Washington, 
United States. 


Over 1.5 km3 of dacitic pyroclastic ash was dispersed ≥1 mm in thickness 
across 391,000 km2.  Ash buried pastures and lodged pastoral crops such as 
alfalfa.  Soil characteristics were changed with ash deposits reducing water 
infiltration, increasing surface albedo, water runoff, evaporation, and soil 
temperatures; even following mixing by cultivation.  Cultivation was used to 
break up ash deposits, to restore macro-porosity for water infiltration; <5-
12 mm of ash was found to mix with the soil without assistance.  Mixing 
served to lower organic material in the soil and there was thought to be no 
beneficial fertilisation, other than a minor addition of sulphur.  Wheat fields 
in eastern Washington (USA) recorded a bumper crop after high than usual 
rains and deposition of a few centimetres of ash which acted as mulch, 
killing weeds and conserving moistures. 


Cook et al. 
1981; Blong 
1984; Folsom 
1986 


Vulcan 
Hudson, 
1991 
 


Northern-
central 
Patagonia 
(Chile & 
Argentina). 


Over 4 km3 of trachy-andesitic pyroclastic material was erupted over tens of 
thousands of hectares of pasture, resulting in starvation of over 1 million 
livestock.  Many farms remained abandoned with no pasture recovery on 
the thick, coarse-grained ash deposits.  Intensive farmers mix the ash 
deposit with the buried soil by cultivation when <200 mm thick.  The 
coarser ash acted as a ‘lithic mulch’ and provided limited fertilisation of 
sulphur, calcium, potassium, magnesium and phosphorous.   


Scasso et al. 
1994; 
Bitschene et al. 
1995; Wilson 
et al. 
submitted-b 


Ruapehu, 
1995-96 


Central North 
Island, New 
Zealand. 


Thin basaltic-andesite ashfalls (0.09 km3) covered pastures preventing 
livestock from feeding (<5 mm, usually <2 mm).  Acute fluorosis was caused 
in sheep which ate ash-covered pastures, despite soluble fluoride 
concentrations being low compared to Icelandic examples.  Ashfall added 
between 30–1,500 kg ha–1 of sulphur to >25,000 km2 of land in primary 
production.  Smaller but beneficial amounts of selenium and in places 
potassium and magnesium were supplied in some places. 


Cronin et al. 
1998; 2003; 
Neild et al. 
1998 


Vulcan 
Chaiten, 
2008 


Northern 
Patagonia 
(Chile & 
Argentina). 


Rhyolitic ashfalls >200 mm buried hundreds of hectares of pastures forcing 
widespread livestock evacuation and hundreds of deaths.   
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4.2.1 Impacts of ashfall on pastures and soils 


Natural revegetation of devastated landscapes following heavy ashfall, pyroclastic flow or lahar 


inundation has been well documented, particularly following the 1980 Mt St Helens eruption in 


Washington, United States (e.g. Blong 1984; Folsom 1986; Dale et al. 2005).  Following complete 


burial of vegetation and soils, revegetation took years to decades (Dale et al. 2005).   


The impact of ashfall on vegetation, soil animals, seeds, organic matter, and spores of 


microorganisms in the buried topsoil is controlled by the depth of ashfall, along with pasture height 


and strength (Eggler 1963; Dale et al. 2005).  Few pastures have been observed growing through ash 


of >150 mm unless there had been subsequent disturbance or erosion (Neild et al. 1998; Wilson et 


al. submitted-b).  Beneath the threshold of burial, grainsize, chemical leachates, pasture variety and 


erosion control the impact on survival pastures.  Ash deposits are typically low in essential nutrients, 


such as nitrogen, phosphorous, and organic carbon, exhibit poor cation exchange capacity, and have 


low water holding capacity (Miah et al. 2000a; 2000b).  Depending on the magma composition, 


specific nutrient deficiencies may also occur, such as iron or cobalt(Miah et al. 2000a).  Ashfall 


contamination may also elevate elemental concentrations, such as sulphur or selenium within 


pastures to toxic levels (Cronin et al. 1998; 2003).  Volcanic disturbances may also eliminate 


mycorrhizae that assimilate nutrients from soils into plants roots of many species (Allen 1987; Dale 


et al. 2005).  Pasture species rarely immediately grow on unmodified ash, although some sub-alpine 


native grasses appear not to suffer mineral deficiencies when growing in nutrient poor volcanic 


deposits (Chaplin & Braatne 1986).  Plants associated with nitrogen-fixing bacteria are common in 


many volcanic soils due to the nitrogen deficiency (Dale et al. 2005).   


A generalised summary of ashfall impacts on pastures and soils is presented in Table 4.2; however 


note site specific predictions are complicated by unique volcanological, climatic and ecological 


controls (Dale et al. 2005).   


 


4.2.1.1 Attached Soluble Salts 


The concentrations of soluble salts adhering to ash particle surfaces vary widely between different 


eruptions, controlled by the chemistry of magma, volume and chemistry of magmatic gases, 


presence of a crater lake, eruptive style and eruption magnitude (Witham et al. 2005).  Dacitic ash 


from the 1980 Mt St Helens had low to medium fertility, and except for having moderately high 


soluble salts and sulphate sulphur levels, was unlikely to have affected plant or animal performance 


(Sneva et al. 1982).  Basaltic-andesite ash from the 1995 Ruapehu eruption, by contrast, contained 
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agriculturally useful levels of sulphur and selenium, but also resulted in the death of over 2,000 ewes 


and lambs from fluoride toxicity following ingestion of ash covered pastures (Cronin et al. 1998).  


Table 4.2:  Impacts on pasture and soil from increasing ash thickness (table based on descriptions 


by Blong 1984 and Neild et al. 1998). 


Ashfall Thickness References 


<5 mm 


 Covers pastures, which inhibits transpiration, and inhibit 
photosynthesis (up to 90%;) and alter growth.   Ash contaminated 
pastures may not be eaten by livestock and may be unsuitable for 
supplementary feed production,  


 May provide fertilising effects. 


 Is mechanically incorporated into the soil through percolation, frost 
heaves and soil animals within one year. 


 Pastures typically recover within weeks, as no burial or breakage. 


Cook et al. 1981; 
Cochran et al. 1983; 
Keam 1988; Cronin et 
al. 1998; Wilson et al. 
submitted-a;c 


5-25 mm 


 Yields of pastoral varieties may be reduced due to coverage of leaf area 
and raising of the ground level following ashfall.  Larger grasses unlikely 
to die.  Buried microphytes may survive and recover. 


 May provide some fertilising effects and act as a lithic mulch, enhancing 
soil water infiltration and transpiration characteristics.   


 Remains mostly intact on the soil surface for > 1 year.  


 Buried soil remains viable and is not significantly deprived of oxygen or 
water 


 Pastures generally recover within months, or by next growing season 


Cook et al. 1981; Sneva 
et al. 1982; Bitschene 
et al. 1995; Cronin et 
al. 1998; Ort et al. 
2008 


25-50 mm 


 Lodging and burial of pastures, depending on pasture height 


 If pastures can still reach the buried soil, or penetrate from the buried 
soil, revitalisation and integration of the tephra and buried A-horizon 
will occur (1-5 years). 


Neild et al. 1998 


50-150 mm 


  General burial of pastures, with only very limited recovery within next 


growing season. 


 Erosion may expose soil, assisting recovery. 


 Small mosses and annual plants require recolonisation to return 


 Buried soil maybe revitalized if plants extend roots and decaying 
organic matter from the surface of the tephra layer down to the top of 
the buried topsoil (3-10 years). 


Neild et al. 1998 


>150 mm 


  Soil profile sterilised by isolation from oxygen if not disturbed. 


 New soil formation must begin. 


 Unassisted pasture recovery may take decades to centuries 


Neild et al. 1998 


 







78 
 


One of the main impacts of ashfall to soil and pasture is the generation of acid from the leaching of 


soluble acidic salts on ash particle surfaces.  Soil biology and chemistry can be seriously damaged by 


acid leachates. Some microbes are unable to tolerate low pH conditions.  Acid may also mobilize 


toxins, such as aluminium, and contribute to accelerated leaching of essential nutrients and 


minerals, such as exchangeable cations (calcium and magnesium).  Effects may be minimized by the 


application of fertilizers to replace lost nutrients, and lime (CaCO3) to buffer soil pH.  However this 


may be expensive when required for large areas of impact.   


The potential effects of acid rain and soil conditions on plants has been summarised by Fan & Wang 


(2000) to include: injury to foliage; interference with normal metabolism; accelerated leaching of 


nutrients from plant foliage and soil; effects of increasing Al3+ in soil solution on the fine roots; 


influences on seedling emergence and growth; alterations of symbiotic associations and host 


parasite interactions; and increased susceptibility to some environmental stress factors.  Continuous 


exposure to high acidic conditions causes primary roots and shoots of the tender seedlings to rot, 


leading to very low seedling emergence (Fan & Wang 2000; Cia-xia et al. 2003).  Acidic ash may burn 


plant tissue, particularly if ashfall is accompanied by dew or light rain.  Heavier rain will help wash 


ash and any deposited acidic salts from the plant.  Acid damage to leaves may lead to defoliation and 


acidic damage to leaf buds, which is likely to kill the plant (Cia-xia et al. 2003).  The characteristics of 


the leaf are important - plants with waxy, shiny leaves will shed ash more readily than plants with 


hairy leaves.   


Annual ryegrass (Lolium multiflorum Lam.) plant growth and number decreases with decreasing soil 


pH, while plant concentrations of aluminium and iron were found to increase (Martin & Aharrah 


1984).   Germination of rice, wheat and rape seeds are absolutely inhibited at pH 2.0 and abnormal 


germination occurred at pH 2.5 (Zeng et al. 2005).    In field and laboratory trials following the 1995 


and 1996 Ruapehu eruptions, Cronin et al. (1998) found normal pastures did not accumulate 


excessive sulphur concentrations, despite abundant S.  However, other feed crops such as brassicas 


may accumulate high levels of S.  Soil pH was depressed for up to 9 months after the eruption.   


 


4.2.1.2 Pasture Buried Under Ash 


Pastures can survive burial for up to several months or even years, depending on the acidity of the 


ash, moisture and oxygen availability (Zobel & Antos 1992).  Rainfall compaction, dewatering and 


possible chemical precipitation may form a hardened crust on top of the ash deposit making it 


difficult for plants to grow through and for water to infiltrate (Podwojewski & Germain 2005).  


Trampling by livestock also breaks up soil structure and compact the surface, making it susceptible 
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to erosion (Podwojewski & Germain 2005).  Existing vegetation will influence burial conditions; tree 


canopies provide shielding to the soil surface below (Dale et al. 2005).   


Fluvial transportation of single grains into soil macropores, frost heave and soil animal activities 


(earthworms, ants, beetles etc) assists in the burial of thin ashfall (<10 mm) (Folsom 1986).  Ash 


deposits >10 mm generally remain in place for a number of years, unless moved by water, wind or 


machinery (Cook et al., 1981; Fowler & Lopushinsky 1986).  Folsom (1986) estimated most ash <20 


mm in eastern Washington was stabilised by vegetation, organic activity or soil processes following 


the 1980 eruption of Mt St Helens; however less than half the deposits >20 mm had been stabilized 


by vegetation or soil processes after 5 years (although this was only 3% of impacted area).  Thicker 


ash deposits reduce water infiltration, increase surface albedo and may continue to affect water 


runoff, erosion, evaporation and soil temperature even when tilled into the soil (Cook et al. 1981).  


The lower permeability of ash-covered soils is related to the lack of macro-pore structure for 


capillary and saturated flow.  Fine ash particles pack spaces between soil peds, reducing porosity and 


flow paths.  The pore arrangement of the ash also reduces the permeability to air and water vapour 


compared to most soils (Cook et al., 1981; Folsom 1986; Fowler & Lopushinsky 1986).  Very heavy 


ashfalls (>100 mm) will isolate oxygen and water from the buried topsoil over time resulting in 


disruption to key soil processes and reactions (nitrogen and carbon cycles) and reduced microbial 


activity and microbial biomass (Graham & Haynes 2004).   


 


4.2.1.3 Variation of impacts within a single event  


Ash grainsize and thickness decreases with distance from the volcano, creating variable impacts 


across any ashfall out zone.  The following ash characteristics were identified by Sneva et al. (1982) 


from the 1980 eruption of Mt St Helens: 


 ashfall cation exchange capacity (CEC) and some elemental concentrations (phosphorous, 


iron, zinc) increased with distance as grainsize decreased; 


 grainsize of the ash was also found to strongly influence soil water retention; silt sized ash 


(<62.5 µm) retained 3-5 times as much plant available water as that of the sand size ash (2.0-


0.5 mm); 


 the fine ash sealed and swelled when wet, retarding infiltration, increased surface runoff 


and eroded easily.  It also serves to penetrate underlying soil pore spaces, further reducing 


infiltration;   
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 the sand-ash layer dried out readily and acted as a mulch, breaking the upward capillary 


action;  


 seed germination of crested wheatgrass and cheatgrass was reduced in both ash types, but 


the fine ash was the most depressive, reducing germination by 65-90%;   


 seedling emergence and height of seedlings were decreased by ash burial, in particular 


coarser ashes acted as an impediment to seedlings;   


 seedling emergence through ash depths greater than 10 mm was low or nil for both crested 


wheatgrass and cheatgrass;   


 and fine ash also cracked and provided seed niches for broadcast seeds. 


Whilst watershed characteristics for the fine ash were more negative, seed germination, seedling 


emergence and water retention characteristics are most positive (Sneva et al. 1982).   


 


4.2.1.4 Secondary and Indirect Impacts 


Fine ash may interfere with pollination, both within the plant and affect the health and behaviour of 


insects and birds, thus disrupting the spread of pollen.  Hairy insects such as bees are especially 


vulnerable to ash particle abrasion to the epicuticular wax layer causing rapid desiccation and death 


(Cook et al., 1981; Johansen et al. 1982).   In general, ashfall damage may also increase the 


susceptibility of pastures to disease (Neild et al. 1998). 


 


4.2.1.5 Plant Recovery 


Natural plant recovery on newly-emplaced volcanic deposits follows the sequence of: (1) emergence 


of surviving buried plants; (2) germination of local seed reserves; and (3) colonization from outside 


seed sources (Folsom 1986; Dale et al. 2005).  For ash up to 25 mm thick, pasture plant survival and 


re-growth depends on the ash chemical properties, its degree of compaction, any ongoing 


disturbance, regularity plus amount of rainfall, and the length of pasture at time of ashfall (Blong 


1984; Folsom 1986; Neild et al., 1998; Cronin et al. 1998).   


Following an eruption, little food is available and herbivores can be destructive consumers of the 


remaining or young, recovering vegetation (Dale et al. 2005).  Drought, subsequent eruptions and 


human activities may affect survival of regenerating pastures.  Drought conditions are exacerbated 


in fresh ash-derived soils because they typically have significantly lower water holding capacity than 


the soils they bury due to coarser grainsize and lack of clays.  Grazing animal droppings/dung may 
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assist pasture re-establishment through the provision of essential organic nutrients and as a 


moisture seal to protect seeds (Ghassali et al. 1998).  In addition, seeds of pastoral species are also 


commonly deposited with the fecal pellets (Ghassali et al. 1998).   


Natural vegetation succession takes years to decades to allow new ash surfaces to be agriculturally 


viable.  Accelerating plant and soil recovery to restore pastoral production over useful timeframes 


requires intensive mediation treatment.   


 


4.2.2 Pasture rehabilitation 


Land rehabilitation is commonly required following inundation of flood silt, mine overburden or 


tailings, and large-scale disturbance of the soil profile, analogous to pasture rehabilitation following 


heavy ashfall (McDonagh et al. 1979; Bradshaw 1987; Brown & Grant 2000; Ward 2000; Litherland et 


al. 2007).  Substrate quality primarily determines the rate of ecosystem development in any 


revegetation or restoration attempts (Bradshaw 1987).  Typically the major constraints are an 


absence of organic matter, essential plant nutrients (i.e. nitrogen, phosphorus, and potassium), 


much reduced or absent soil animals and poor physical characteristics such as soil structure, water 


holding capacity and infiltration (Bradshaw 1987).  Physical and chemical properties indicating the 


level of soil re-development includes the organic carbon/organic matter and nitrogen contents, 


water-holding capacity, and evidence of weathering and horizon formation (Stroo and Jencks 1982; 


Thomas & Jansen 1985; Anderson 1988; Roberts et al. 1988; Smith et al. 1997).  More recently 


biological activity of the soil environment has been identified as an effective indicator of soil quality 


assessment (Nannipieri et al. 1990; Ross et al. 1994; Cox & Whelan 2000).   


Land rehabilitation treatment options relevant to ashfalls include: 


1. Direct seeding of deposit 


2. Mixing of deposit with buried soil 


3. Quarrying/scraping of deposit from land surface  


4. Application of a new topsoil over the deposit 


Direct seeding of the deposit is often the fastest and cheapest option for pasture reestablishment.  


It is effective where the deposit is thin and there is good likelihood plant roots will reach the buried 


soil. It may also be applied if the deposit has adequate fertility characteristics, or there is no 


available topsoil, or economically realistic option (Ross et al. 1994; Longhurst et al. 1999; Litherland 
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et al. 2007; Podwojewki et al. 2008).  This treatment produces pasture most rapidly, but commonly 


produces poor pasture vigour in the medium to long term (Litherland et al. 2007).   


Mixing of the deposit with buried soil is usually the most desirable treatment option because it 


provides a cost effective way to use the desirable properties of the topsoil, while leaving the deposit 


in place.  The use of some topsoil in any rehabilitation method is desirable (Ross et al. 1994).  


Mechanical cultivation is also desirable because it reduces compaction and increases aeration of the 


soil (Longhurst et al. 1999; Brown & Grant 2000; Graham & Haynes 2004; Litherland et al. 2007).  


This treatment is limited by the depth of cultivation possible (Neild et al. 1998).   


Quarrying or scraping the deposit off the buried topsoil could give the best possible results, because 


it returns the soil to a near-undisturbed state.  However, it is extremely expensive and finding stable 


sites to dump the unwanted material may be difficult.  Usually this is only used in badly affected 


areas with extremely high economic potential (Wilson et al. submitted-a).   


Application of new topsoil allows new pasture development on top of deep deposits or where there 


is no topsoil underneath.  It is also an expensive, labour intensive option, constrained by sourcing 


sufficient volumes of topsoil.  Artificial top soils may also be developed from organic and inorganic 


industrial and sewage sludge by-products which contain high levels of nutrients and clays (Ward 


2000; Cox & Whelan 2008; Wilson et al. submitted-a). 


Treatments commonly use a targeted seed mix that includes nitrogen-fixing cultivars, and deep 


rooting varieties (i.e. drought resistant) to ensure good access to moisture and binding of the 


deposit.   Perennial grass performs best, because the fibrous grass roots not only branch out and 


open up the soil but also encompass individual particles in a net-like web to form stable clusters 


(Podwojewski & Germain 2005).  A large initial fertiliser application is also usually applied to assist 


initial pasture establishment (particularly nitrogen, phosphorous, potassium and lime) and on-going 


maintenance applications are required, at least in the short term (Bradshaw 1987; Longhurst et al. 


1999; Graham & Haynes 2004).  Treatments may also include grazing to increase breakdown of 


organic matter, ploughing to increase incorporation of organic matter into the soil, tailoring fertiliser 


to the pasture ecosystem to overcome deficiencies and increase microbial activity, and the use of 


inoculants and cultures to enhance the legume nitrogen-fixing performance (Brown & Grant 2000; 


Ward 2000).  Rehabilitation programmes will often use an integrated mix of each treatment option 


depending on deposit thickness, topography, climate, resource availability and prioritisation of 


pasture restoration. 
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Seedings can be carried out by drilling or broadcasting methods.  Wills et al. (2004) found that strip-


seeder direct-drilling was significantly more successful than a standard hoe-coulter drill in pasture 


rehabilitation in semi-arid conditions by providing a greater shattering effect and placing seed and 


fertiliser at depth.  This provided greater seedling protection from wind and sun, and aided 


subsequent plant growth by allowing easier root penetration to the subsoil where nutrients and 


moisture are available.  Alternative applications include aerial topdressing, ground spreading, and 


hydraulic seeding (hydro-seeding).  None of these techniques bury the seed under a protective layer 


of soil, which dramatically reduces their effectiveness (Roberts & Bradshaw 1985).  Seed bags 


containing seeds, fertiliser and soil have been used successfully at Unzen volcano, Japan.  Distributed 


by helicopter the small seed-bags are spread across the denuded surface, particularly on uneven and 


hilly surfaces.  Steep slopes are likely to shed ash most effectively, but where deposits remain, aerial 


topdressing, hydraulic seeding or seed-bags may be the only possible treatment options (Roberts & 


Bradshaw 1985).   


Rehabilitation of indurated silicic tephras on the Ecuadorian Sierra required deep chisel ploughing 


(50 cm depth) to mix the ash with buried soil and greatly increase water infiltration.  However, the 


resulting mixure was highly prone to colluvial erosion due to its fine silty–sandy texture, and lack of 


organic matter and clay minerals (Podwojewski & Germain 2005; Podwojewski et al. 2008).  Surface 


crusting from rain-splash and compaction occurred rapidly within cultivated plots which decreased 


infiltration, especially where the soil was without vegetation cover and had a large fines component.  


Organic inputs (manure) increased soil porosity but had no effect on soil structural stability or 


resistance to crusting, and therefore had no impact on surface runoff and erosion. Continual tillage 


was found to only temporarily reduce runoff and ultimately increase the longer term sensitivity to 


erosion (Podwojewski et al. 2008).  Miah et al. (2000a) found plant height, root development and dry 


matter yield of wheat grown on leached volcanic ash from Mt. Pinatubo (where few acidic salts 


remained) was greatly increased by the application of slow release NPK fertilizer and sewage sludge 


compost.   


4.3 Methods 


4.3.1 Tunnel-house  


50 L pots were packed with perennial ryegrass-clover pastures cut from in situ to 30 cm depth (A 


horizon) and 30 cm diameter.  Two common soil types from central North Island, New Zealand, were 


used, A) a recent, free-draining alluvial Manawatu sandy loam gravelly phase (Dystric Fluventic 


Eutrochrept) (Soil Survey Staff 1992), referred to here as ‘Manawatu soil’ (94 pots); and B) a Taupo 
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silty sand, a yellow-brown pumice derived from Taupo ash (Typic Udivitrand), referred to here as 


‘Taupo soil’ (24 pots) (Table 4.3).  Pumice soils of this region are free-draining and resistant to re-


wetting (Gillingham et al. 1974), increasing the severity of droughts which can occur from mid-


summer to early winter. Pots were placed on the floor of the tunnel house for 2 weeks to 


consolidate, and irrigated (15 mm) on a 3 day cycle.  All pastures survived.  On day 15, pastures were 


trimmed to 100 mm.   


Table 4.3: General soil characteristics of Manawatu and Taupo soils (after Hume & Brock 1997) 


 Manawatu  Taupo 


Soil Manawatu sandy loam Taupo silty-sand 


Type Dystric fluventic eutrochrept Typic Udivitrand 


pH 6±3 6±6 


Olsen P (ppm) 66 19 


C:N ratio  14 18 


Elevation (m asl) 33 475 


 


Two ash varieties were used to simulate varying thicknesses of ashfall: March 2007 Ruapehu lahar 


sediment (andesitic) (Procter et al. 2009) and fine grained rhyolitic Hatepe ash (Unit 4; Smith & 


Houghton 1995) from 1800-yr-B.P. Taupo eruption.   The Ruapehu lahar sediment, referred to here 


as Ruapehu ash, was collected from overbank lahar deposit from the 2007 Crater Lake breakout 


lahar (Procter et al., 2009).  It was mostly comprised of andesitic vesicular and dense fragments from 


recent Ruapehu eruptions and older andesitic deposits materials entrained from along the 


Whangaehu River.  An important property of this material was that since it was sourced from the 


acidic Crater Lake of Ruapehu, the deposits also had a coating of volcanogenic soluble salts, 


analogous to those on ash in Ruapehu eruptive plumes (Cronin et al. 2003) (Table 4.4).  The Hatepe 


ash was sourced from 3 kilometres west of Lake Taupo comprised mostly of unweathered rhyolitic 


pumice.  It had no coating of soluble salts due to rain flushing and was a fine grained alternative to 


the coarser Ruapehu ash (Figure 4.1). 


Table 4.4: Comparison of Ruapehu lahar deposits and the ash from the June 1996 Ruapehu 


eruption 
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Figure 4.1: Grainsize distribution of Ruapehu ash and Hatepe ash used is Tunnel House trial 


 


4.3.1.1 Direct Impact Trial 


The first trial was designed to investigate the impact of different thicknesses of two ashfall types 


(Ruapehu and Hatepe) on two different pasture and soil types (Manawatu and Taupo).  Three 


replicates were used for each treatment.  Three non-treated pots of each pasture type were used as 


controls.   


 Trial 1A: Manawatu pastures treated with 10, 50, 100, 150, and 200 mm of andesitic ash.   


 Trial 1B: Taupo pastures treated with 50, 100, 150, and 200 mm of andesitic ash.   


 Trial 1C: Manawatu pastures treated with 10, 50, 100, 150, and 200 mm of rhyolite ash.   


 Trial 1D: Taupo pastures treated with 50, 100, and 200 mm of rhyolite ash.   


Ash was applied to pasture by sieving onto the pots in one treatment.  Sieve size was adjusted to 


reflect likely grainsize in relation to ash depth: 5 mm sieve for >100 mm; 1 mm sieve for 50 mm and 


0.5 mm sieve for 10 mm.  A flat metal plate was placed beside the pot and ash thickness application 


measured with effort to maintain an even cover.  The pots were irrigated with 20 mm water on a 6 


day cycle.  No additional nutrients were added during the trial period.   


At the completion of the tunnel-house trials on 19 December 07 pastures were harvested at 5 mm 


height, dried for 36 hours at 65°C and the plant matter weighed to measure performance. 


Herbage samples were taken of selected pot pastures.  Plants were oven dried at 62°C overnight 


(residual moisture typically 5%) and then milled.  Nitrogen was analysed by Dumas combustion.  


Phosphorus, potassium, sulphur, calcium, magnesium, sodium, iron, manganese, zinc, copper, boron 
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and aluminium were analysed by nitric acid/hydrogen peroxide digestion followed by ICP-OES.  


Molybdenum, cobalt and selenium was analysed by nitric acid/hydrogen peroxide digestion followed 


by ICP-MS. 


4.3.1.2 Rainfall and Ashfall Frequency Trial 


The second trial was designed to investigate the impact of variable ashfall rates, which used 


different frequency of ashfall application and summed to same net thicknesses (50 mm) (Figure 4.2).  


The impact of variable rainfall frequency and volume was also investigated, ranging from treatments 


with no rain through to frequent high volumes.  This trial used only Manawatu Soil pastures.  Three 


ashfall treatments of different application frequency were carried out, each of which summed to 50 


mm: 1 treatment of 50 mm ash (Tr1); 5 treatments of 10 mm (Tr5); and 25 treatments of 2 mm (Tr25).  


Six different rainfall treatments were setup in the tunnel-house.  Three replicates were used for each 


treatment combination (i.e. 9 buckets in each rainfall treatment).   


 Trial 2A: Manawatu pastures treated with Tr1, Tr5, and Tr25 with no irrigation 


 Trial 2B: Manawatu pastures treated with Tr1, Tr5, and Tr25 with 20 mm 6 days-1 irrigation 


 Trial 2C: Manawatu pastures treated with Tr1, Tr5, and Tr25 with 20 mm 4 days-1 irrigation 


 Trial 2D: Manawatu pastures treated with Tr1, Tr5, and Tr25 with 10 mm 4 days-1 irrigation  


 Trial 2E: Manawatu pastures treated with Tr1, Tr5, and Tr25 with 10 mm 2 days-1 irrigation 


 Trial 2F: Manawatu pastures treated with Tr1, Tr5, and Tr25 with 5 mm 2 days-1 irrigation 


 


Figure 4.2: Tunnel-house trial layout 
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4.3.2 Field Trial 


A field trial was established on overbank lahar debris deposited on pastures ~20 km south of 


Ruapehu volcano from the 2007 Crater Lake breakout lahar (Figure 4.3) (Procter et al., 2009).  The 


trial was designed to test different pastoral rehabilitation treatments, such as the performance of 


common pastoral seed varieties, deficiencies of nitrogen, phosphorous and organic-C, and different 


cultivation techniques as identified from the literature review.  Efforts were made to keep 


treatments in line with normal pasture establishment techniques.  The deposits on the field trial 


ranged from 10-320 mm thick and were mostly of sandy gravel loam texture, making it a useful 


analogy to a heavy ashfall.   


 


 


 


Figure 4.3: Field trial layout (photograph taken from the bottom right of the schematic image) 


Six rehabilitation treatments were trialled on 6 plots of 9x3 m at the field trial site (Figure 4.3).  A 7th 


plot with no treatment was also fenced off as an observation plot.  A second control plot was 


established on pasture land 20 m to the south where the same treatments could be tested on 


unaffected pasture.  All plots were fenced with 1 m high chicken wire, buried to 15 cm depth, to 


prevent disturbance. 
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 Trial 3a - Seed only: seed mix with no cultivation 


 Trial 3b - Low cost: seed mix with 0.1 t ha-1 urea, 1 t ha-1 of lime and light cultivation (harrows) 


 Trial 3c - High cost 1: seed mix with 0.5 t ha-1 urea, 0.1 t ha-1 Seshura, 10 t ha-1 of lime and 1 pass 


of heavy cultivation (deep rotary hoe) 


 Trial 3d – High cost 2: seed mix with 1 t ha-1 urea, 0.5 t ha-1 Seshura, 20 t ha-1 of lime and 2 


passes of heavy cultivation (deep rotary hoe) 


 Trial 3e – High cost 3: seed mix with 1 t ha-1 urea, 0.5 t ha-1 Seshura, 20 t ha-1 of lime, 10 t ha-1 of 


wood-chip mulch, and 2 passes of heavy cultivation (deep rotary hoe)  


 Trial 3f – Wood mulch: seed mix with 10 t ha-1 of wood-chip mulch and light cultivation 


Each trial was treated with a seed mix following cultivation (if applicable) consisting of ‘Nui’ 


Perennial ryegrass (Lolium perenne L.), ‘Moata Tetraploid’ annual (Italian) ryegrass (Lolium 


multiflorum Lam.), ‘Advance’ tall fescue (Festuca arundinacea Schreber), ‘Kara’ cocksfoot (Dactylis 


glomerata L.), rape (Brassica napus L.), ‘Wairau’ lucerne (Medicago sativa L.), ‘Huia’ white clover 


(Trifolium repens L.), red clover (Trifolium pratense L.).  The seed mix and fertiliser were lightly raked 


into the deposit/soil following application.   


Heavy cultivation to 300 mm allowed mixing of the deposit and soil (where the deposit was <300 


mm thick).  After 36 days an additional 20 t ha-1 equivalent of lime was applied to one half of each 


trial plot to compare the influence of additional lime.  The treatment was a combination of fine 


crushed line and slow-release granulised lime, which was then lightly cultivated using harrows. 


Soil samples were taken to track soil fertility characteristics at points over the trail’s duration.  as a 


comparison additional soil fertility analyses were taken on 12 June 2008 where pastures were 


performing well.  Soil samples were air dried and sieved (<2 mm) before being analysed for 


extractable sulphate following the method of Blakemore et al. (1987).  Total soil nitrogen and carbon 


was determined by Kjeldahl wet digestion (Parkinson & Allen 1975) followed by automated analysis.  


Soil pH was measured using a glass electrode pH meter with a soil:water ratio of 1:2.5 (w/v) 


(Blakemore et al. 1987).  Exchangeable cations were determined by 1M neutral ammonium acetate 


extraction.  Olsen-extractable soil phosphorous was determined by shaking 1 g air-dried soil samples 


with 20 ml of 0.5M NaCO3 solution (pH 8.5) for 30 min (Olsen et al. 1954). 


Two basic analyses of soil dehydrogenase enzyme activity were undertaken to investigate the 


influence of rehabilitation treatments on soil microbial activity (Beyer et al. 1993).  Soil was cut to 


60-80 mm depth with any turf cut off at the top (20-30 mm) and then mixed.  Following separation, 


5g of soil (fresh weight) was placed in 50 ml plastic bottles with 0.1g of CaCO3 and 3 ml of a 2% 
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solution of 2,3,5-triphenyltetrazolium chloride (TTC).  The bottles were shaken vigorously and 


incubated in the dark at 30°C for 72 hours.  Following incubation 10 ml of methanol was used to 


extract the triphenylformazan (TPF).  It was filtered through Whatman No. 41 filter paper and 


repeated twice.  Colour intensity was determined with a spectrophotometer (Pu 8625 UV/VIS 


spectrophotometer) at 485 nm using a methanol blank.   


 


4.4 Results and Discussion 


4.4.1 Variable Impact Tunnel-house Trial 


4.4.1.1 Observations 


Following ash treatment on 2 September 2007 observations of pasture response were made on 11, 


18, 28 September, 12, 25 October, and 2 December (Table 4.5).    


Grass was covered but not buried by 10 mm treatments of both ash types.  Coatings of both ash 


types were almost totally removed by the first irrigation cycle (8 Sept 07) with only coarse ash 


particles (usually 1-2 mm pumices) remaining lodged in some pastures.  Rain splash washed the 10 


mm ash treatment to the top of the soil by 11 Sept 07.   Ash treatments 50 mm and greater buried 


both pastures.  Ryegrass was the only species to penetrate ash deposits ≥50 mm.  Clover was only 


observed recovering from 10 mm treatments.  There was no ryegrass penetration of any ash deposit 


within 24 hours of application. By 11 Sept 07 (6 days later) there had been widespread ryegrass tiller 


penetration of both 50 mm ash deposits and some through the 100 mm.  Penetration of 100 mm of 


ashfall was variable, with 1 - 2 pots showing no ryegrass penetration.  Where penetration had 


occurred, pasture coverage and leaf mass was relatively low.  No Taupo pasture penetrated ≥100 


mm of either ash deposit.  Generally pasture did not penetrate ≥150 mm ash deposits.  Exceptions 


were observed on 18 Sept 2007 where ryegrass tillers from Manawatu pastures penetrated directly 


through a 200 mm Ruapehu ash pot and through desiccation cracks in a 150 mm Hatepe ash on.  


Both tillers grew throughout the trial, but did not lead to further ryegrass penetration.   


Throughout the trial, ash deposits settled by 20-45%, mainly due to rainfall compaction.  Rain-beat 


compaction and elutriation resulted in a surface crust developing in both ash types by 18 Sept 07, 


which acted as a barrier for regenerating ryegrasses, except where desiccation cracks developed.   
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Pasture recovery following Hatepe Ash treatment 


Following initial application the fine Hatepe ash clung readily to the pasture when dry, even to the 


shiny, waxy ryegrass leaves.  In thicker deposits desiccation cracks allowed buried ryegrasses to 


emerge from the Hatepe ash deposit.  Cracks rapidly developed from wetting and drying of 50 mm 


Hatepe ash (11 Sept 07), but took longer to develop in thicker deposits, with crack initiation 


occurring after 9 days for 100 mm and 150 mm thicknesses (11 Sept 07), and by 16 days for the 200 


mm (18 Sept 07).  The shorter Taupo pasture penetrated the desiccation cracks more rapidly, 


possibly due to the increased flattening and burial of the longer ryegrass tillers in the Manawatu 


pasture.  Where the cracks persisted long enough ryegrass grew through desiccation cracks 


throughout the trial (e.g. M22 on 25 Oct 07; Table 4.5).  However, desiccation cracks sometimes 


closed or were filled with fine ash during irrigation in some Hatepe ash deposits ≥100 mm (from 18 


Sept 07 onwards), inhibiting resurgent growth, particularly for the shorter Taupo pastures (2 Dec 


07).   


Pasture recovery following Ruapehu Ash treatment 


Desiccation cracks did not develop in the coarser grained Ruapehu ash.  Instead pastures directly 


penetrated the less cohesive material, usually <1 month after treatment, before development of a 


surface crust and compaction of the deposit.  Once 50 mm and 100 mm ash deposits were 


penetrated by one growing ryegrass tiller (by 11 Sept 2007), others would following using the same 


pathway.  The shorter Taupo pasture emerged less rapidly than the Manawatu pasture.  If pasture 


was unable to penetrate the ash deposit within the first month, it was unlikely to do so over the 3 


month trial.  After 11 weeks (2 Dec 07) no new growth penetrated any of the Ruapehu ash deposits, 


only older more established main tillers were growing.   


Ryegrass tillers exhibited a distinct yellow colouration from acidity effects within 1 week of emerging 


through Ruapehu ash treatments, particularly where the tiller was in direct contact with the ash.  


This was most pronounced in 100 mm treatments.  After two weeks (18 Sept 07) ryegrass tillers that 


had penetrated Ruapehu ash treatment 50-100 mm were red in colour, especially at the tips and 


base of the tiller.  By comparison no plant colour change occurred in any of the Hatepe pots 


throughout the trial.  After 5 weeks (12 October 2007) the pastures in Ruapehu treatments had 


mostly returned to a green colour throughout the tiller and leaf suggesting acidity effects were 


reducing.   
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Table 4.5: Observations of pasture response to variable thicknesses of Ruapehu and Hatepe ash treatments  


SOIL TREATMENT 
THICKNESS 


(mm) 


DATE OF OBSERVATION 


11 Sept 07 18 Sept 07 28 Sept 07 


Manawatu 


None Control - Grass is visually healthy - Grass is visually healthy - Grass is visually healthy (300 mm height) 


Ruapehu 


 


10 - Thin deposit of ash at base of pasture  


- No change in leaf colour 


- Thin deposit of ash settled on soil surface 


- Grass appears to be in very good condition 


- Extensive growth of pasture (300-350 mm height) 


50 - Grass has emerged through ash 


- Yellowing at base of visible leafs 


- Yellowing of exposed ryegrass, especially at base 


- Exposed tillers very thick and stiff (stalk) and 


commonly reddish in colour 


- Yellowing of exposed ryegrass 


-  Extensive pasture growth through ash deposit (30-


40% cover of pot surface) 


100 - Grass has emerged through ash 


- No dessication cracks 


- Yellowing at base of visible leafs 


- Yellowing of exposed ryegrass, especially at base 


- Exposed tillers very thick and stiff (stalk) and 


commonly reddish in colour  


- No change 


150 - Burial of pasture (settled 25 mm) 


- No desiccation cracks 


- Burial of pasture (settled 30 mm) 


- No desiccation cracks 


- No change 


200 - Burial of pasture (settled to 170 mm) 


- No desiccation cracks 


- Two ryegrass tillers penetrated middle of one pot 


(M3) 


- Pasture buried in others 


- No change 


Hatepe 


 


10 - Thin deposit of ash around base of pasture 


- Ash has mostly washed off the pasture, with ~ 20% 


remaining (90% post ash treatment)  


- Significant pasture growth 


- Ash mostly washed off pasture and forming thin 


deposit at soil surface 


- No change 


50 - Many desiccation cracks in the ash deposits, with 


commonly penetration by ryegrasses 


- Grass growing very well through extensive 


dessication cracks (50-120 mm height) 


- No change 


100 - Initiation of desiccation cracks (20 mm length) - Grass has penetrated through the desiccation 


cracks (very curly and twisted) 


- No change 


150 - Initiation of desiccation cracks (10 mm length) - Grass penetrated through desiccation cracks of two 


pots (M22 & M23) 


- No change 


200 - Pasture burial - Pasture burial - Pasture burial 


Taupo 


None Control - Grass is visually healthy - Grass is visually healthy - Grass is visually healthy (150 mm height) 


Ruapehu 


 


50 - Very small penetration of ash deposit: ~5% of pot 


surface has pasture exposed 


- Exposed ryegrasses yellow in colour 


- Limited ryegrass growth through deposit; 20% cover 


(50-100 mm height) 


- Yellowing at base of pasture stalks 


- Look healthier (deep green colour) than control 


pots, but less coverage of pot surface with pasture 


100 - Pasture burial - Pasture burial - Pasture burial 


150 - Pasture burial - Pasture burial - Pasture burial 


200 - Pasture burial - Pasture burial - Pasture burial 


Hatepe 


 


50 - Grass is penetrating desiccation cracks and pushing 


through unstable parts of ash deposit 


- ~30% of pot surface has pasture exposed 


- Grass continuing to grow through desiccation cracks 


- Some yellowing of pasture, but not as severely as 


Ruapehu treated Taupo pasture 


- No change 
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100 - Initiation of desiccation cracks - Dessication cracks had closed; filled with fine ash 


- No pasture growth 


- Pasture burial 


200 - Initiation of desiccation cracks - Dessication cracks had closed 


- No pasture growth 


- Pasture burial 


 


SOIL TREATMENT THICKNESS 
OBSERVATION DATE 


12 Oct 07 25 Oct 07 2 Dec 07 


Manawatu 


None Control - Grass is visually healthy (300 mm height) - Grass is visually healthy (350 mm) - Grass is visually healthy (600 mm height) 


Ruapehu 
 


10 - Extensive growth of pasture (300 mm height) 
- Some ryegrass tillers have red colour 


- Extensive growth of pasture (300 mm height) - Looks almost identical to control, with similar 
coverage, but slightly shorter tillers (550 mm 
height) and less volume. 


- Evidence of some soil mixing with the deposit from 
new ryegrass tiller development  


50 - Extensive pasture growth through ash deposit (200-
300 mm height) 


- Some ryegrass tillers have red colour 


- Extensive pasture growth through ash deposit (250-
350 mm height) (coverage 60%) 


- Some ryegrass tillers have red colour 


- Extensive pasture growth through ash deposit (450 
mm height)  


- Coverage of low herbage (20-30 mm), but large 
volume of taller tillers (coverage 80%) 


100 - Two pots have extensive pasture growth through 
the ash deposit (300 mm height) 


- Some ryegrass tillers have red colour 
- Pasture burial in pot M9  


- Two pots have extensive pasture growth through 
the ash deposit (400 mm height) 


- Some ryegrass tillers have red colour 
- Pasture burial in pot M9 


- Two pots have extensive pasture growth through 
the ash deposit (600 mm height) 


- Pasture burial in pot M9 


150 - Burial of pasture (settled 30 mm) - Burial of pasture  - Burial of pasture 


200 - 300 mm ryegrass tillers has grown through pot M3 
- Pasture buried in other pots 


- Two 400 mm ryegrass tillers have grown through 
pot M3 (deep green colour) 


- Pasture buried in other pots 


- Two 400 mm ryegrass tillers have grown through 
pot M3 (deep green colour) 


- Pasture buried in other pots 


Hatepe 
 


10 - Good growth of pasture; 90% coverage (300-500 
mm height) 


- Identical to pasture in control pots 
- Thin deposit of ash at soil surface 


- Identical to pasture in control pots (600 mm height) 
- Thin deposit of ash was mixing with soil, apparently 


from rain flash and vegetation activity. 


50 - Good growth through cracks; 70% coverage (200-
500 mm height) 


- Nearly identical to control pots except for slightly 
less coverage (90%) 


- Nearly identical to control pots except for slightly 
less coverage (90%) (500 mm) and less volume 


- At base of pasture some mixing of soil and ash is 
evident 


100 - Good growth through cracks; 30% cover (250-350 
mm height) 


- Pasture burial of M27 


- Good growth through cracks; 40% cover (250-400 
mm height) 


- Ryegrass has red colour 


- Pasture burial of M27 


- Good growth through cracks; 40% cover (400-500 
mm height) 


- Ryegrass has red colour 
- Pasture burial of M27 


150 - Growth through dessication crack of M23 (100 mm 
height) 


- Pasture burial of M22 & M24 


- Established growth across M23; 50% coverage (200 
mm height) 


- Growth through a dessication crack of M22 (50 mm 
height) 


- Pasture burial of M24 


- Established growth across M24; 50% coverage (300 
mm height) 


- Pasture burial of M22 & M24 


200 - Pasture burial - Pasture burial - Pasture burial 
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Taupo 


None Control - Grass is visually healthy (av. 175 mm height) - Grass is visually healthy (175-200 mm) - Grass is visually healthy, with ~200 mm pasture 
height in T13 & T14 and  400 mm in T15 


Ruapehu 


50 - Grass growth improving cover; 35% cover (150 mm 
height) 


- Some ryegrass tillers have red colour 


- Penetration through most of the ash deposit; 50-
60% coverage. 


- Some ryegrass tillers have red colour 
- Taller than controls (200 mm) but less volume 


- Penetration through most of the ash deposit; 60% 
coverage. 


100 - Pasture burial - Pasture burial - Pasture burial 


150 - Pasture burial - Pasture burial - Pasture burial 


200 - Pasture burial - Pasture burial - Pasture burial 


Hatepe 
 


50 - Grass continuing to grow through desiccation cracks 
- Struggling to get full coverage across the pot (35% 


coverage) 


- Grass continuing to grow through desiccation cracks 
- Coverage increasing (40-50%) 
- Pasture height 50-150 mm (< control) 


- Pasture heights increased to 100-300 mm.   
- Ash was totally penetrated, although no evidence of 


soil mixing had occurred.   


100 - Pasture burial - Grass emerging through small desiccation cracks 
(50-70 mm height) of T21 


- Pasture burial of pots T19 &20 


- Pasture burial 


200 - Pasture burial - Pasture burial - Pasture burial 
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4.4.1.2 Harvested Dry Weight Plant Matter 


There was no significant reduction in dry matter yields following ≤50 mm of either ashfalls.  At low 


thicknesses the fine-grained Hatape ash had a beneficial mulching effect on the Manawatu pasture, 


giving greater yields than the untreated pastures pots (control) under 10 mm and greater yields than 


the coarse grained Ruapehu ash at 10- and 50 mm (Figures 4 & 5).  The mulch and fertilisation 


benefits the coarse Ruapehu ash provided were outweighed by the acidic impacts observed with the 


yellowing of leaves and red tillers of both pasture types.   At 100 mm there was a significant drop in 


pasture performance under the Hatepe ash treatment to 12% of the control pot yield; compared to 


39% for the Ruapehu ash which exhibited more gradual yield reduction.  Pasture dry matter yield 


following ashfalls ≥150 mm was <15% of untreated pasture pot yields (Table 4.6).   


 


Figure 4.4: Mean dry matter of Manawatu pasture from variable ash thickness trial 


 


Figure 4.5: Mean dry matter of Taupo pasture from variable ash thickness trial 
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Table 4.6: Harvested dry matter from variable thickness trial 


SOIL TREATMENT 
THICKNESS 


(mm) 


DRY WEIGHT OF HARVESTED PASTURE 


Pot 1 Pot 2 Pot 3 Average 
Weight 


Standard 
Deviation 


Manawatu 


None Control 34.75 27.4 36.98 33.04 5.01 


Ruapehu 


10 25.98 28.53 30.25 28.25 2.15 


50 28.03 23.5 26.58 26.04 2.31 


100 19.69 17.54 0 12.41 10.80 


150 0 0 0 0 0.00 


200 8.26 0 0 2.75 4.77 


Hatepe 


10 38.58 39.18 31.32 36.36 4.38 


50 34.26 35.41 25.6 31.76 5.36 


100 12.93 0 0 4.31 7.47 


150 9.65 0 0 3.22 5.57 


200 0 0 0 0 0.00 


Taupo 


None Control 46.27 17.32 26.32 29.97 14.82 


Ruapehu 


50 27.09 20.03 31.23 26.12 5.66 


100 0 0 0 0 0.00 


150 0 0 0 0 0.00 


200 0 0 0 0 0.00 


Hatepe 


50 43.35 28.5 26.32 32.72 9.27 


100 0 0 0 0 0.00 


200 0 0 0 0.00  0.00 


 


 


4.4.1.3 Soil fertility data 


Soil samples were taken from Manawatu pasture pot soils treated with Ruapehu ash at the 


completion of the trial to analyse its influence on soil chemistry (Table 4.7).  In general soils were 


initially deficient in most minerals, expect Olsen phosphorous and sulphate.  Acceptable organic 


carbon and CEC levels indicate the soil would probably respond well to mixing with the ash, even 


after months under ash cover.  Extractable sulphate increased with ash depth, which in-turn strongly 


correlated to decreasing soil pH (r2 = 0.82) from sulphuric acid production (Figure 4.6).  This was 


observed in pastures following the 1995 Ruapehu ashfall (Cronin et al. 1997).  Olsen phosphorous is 


also elevated with increasing ash depth (r2 = 0.54), which is probably sourced from rotting 


vegetation under the ash.  Increasing ash depth had no effect on soil CEC or exchangeable cations, 


carbon and nitrogen content (Table 4.7).  
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Table 4.7: Soil fertility of Manawatu pasture and Ruapehu ash treatment pots 


 
Pot ID # 


 


 
Treatment 


(mm) 
pH Olsen P 


(µgP/g) 
SO4 


(µgP/g) 
K 


(me/100g) 
Ca 


(me/100g) 
Mg 


(me/100g) 
Na 


(me/100g) C (%) N (%) CEC 
(me/100g) 


Soil 
Volume 
(g/ml) 


M1 200 4.1 53.4 923 0.39 7.1 1.43 0.13 2.27 0.22 19 1.10 


M2 200 4.4 45.4 861 0.53 9.7 1.82 0.08 2.62 0.26 22 1.10 


M3 200 3.9 46.3 1466 0.54 8.2 3.00 0.09 2.60 0.26 24 1.11 


M4 150 4.5 43.0 636 0.44 10.4 1.90 0.10 2.62 0.23 23 1.11 


M5 150 3.9 58.2 1240 0.32 9.6 1.13 0.12 2.78 0.25 25 1.06 


M6 150 4.5 38.3 677 0.48 10.3 1.63 0.08 2.38 0.22 23 1.08 


M7 100 4.6 36.9 410 0.42 10.0 1.34 0.13 2.20 0.21 19 1.11 


M8 100 4.1 39.7 687 0.36 6.8 1.35 0.05 2.47 0.24 17 1.08 


M9 100 4.4 44.9 779 0.44 9.4 1.56 0.04 2.58 0.25 20 1.09 


M10 50 4.0 48.2 677 0.40 7.3 0.87 0.15 2.33 0.22 19 1.05 


M11 50 5.2 33.1 359 0.56 13.7 2.02 0.20 2.94 0.27 21 1.08 


M12 50 4.4 40.2 574 0.47 9.2 1.71 0.10 2.79 0.27 20 1.10 


M13 10 5.6 32.2 28 0.51 8.7 1.52 0.13 2.68 0.25 15 1.11 


M14 10 5.4 32.2 124 0.48 9.4 1.70 0.11 2.57 0.25 15 1.09 


M15 10 4.7 33.1 328 0.66 8.5 1.47 0.13 2.22 0.21 18 1.15 


M16 0 (control) 5.9 34.5 4 0.66 10.5 1.73 0.13 2.53 0.24 17 1.10 


M17 0 (control) 6.0 36.4 5 0.67 10.8 1.79 0.13 2.33 0.22 18 1.15 


M18 0 (control) 5.9 34.0 4 0.58 10.3 1.71 0.12 2.39 0.23 16 1.13 


 


 


Figure 4.6: Soil pH and SO4 values across the range of Manawatu pasture and Ruapehu ash 


treatment (values are the average of the three pots at each ash depth) 
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4.4.1.4 Herbage Analysis 


Herbage samples were taken of ryegrass from the Manawatu pasture under various Ruapehu ash 


treatments and irrigation regimes on 25 October and 17 December 2007.    Results are presented in 


Table 4.8.  Sulphur levels in the analysed ryegrasses all exceed NRC (2005) recommended maximum 


tolerable limits (Table 4.9).  Many of the grasses were twice the recommended dose which would 


likely lead to acute symptoms.  The untreated pasture pot also had high sulphur, although was 


typically less than half the levels in the treated ryegrasses.  Excessive sulphur consumption will lead 


to muscular twitching, restlessness, diarrhoea, dyspnoea, and recumbency (NRC 2005).  It also 


interferes with copper and selenium absorption and utilisation, and may induce 


polioencephalornalacia (Gould 1998; NRC 2006).  An indirect effect of high pasture sulphur 


concentrations may be an exacerbation of existing molybdenum-induced copper-deficiency 


problems (Cunningham et al. 1959; Barry et al. 1981; Cronin et al. 1998).  The elevated iron and 


aluminium values are a result of the low soil pH of the pasture pots (Table 4.7) (Martin & Aharrah 


1984).  Most of the ryegrasses exceeded the NRC (2005) 2% potassium maximum tolerable level, 


however most temperate grasses require between 2.0-3.5% potassium in their dry matter to ensure 


maximum yield (Underwood & Suttle 1999).  The untreated ryegrass (M16) had similar levels of 


potassium to ryegrass treated with ash.  Forages from soils heavily fertilised with potassium also 


often exceed 3% potassium (Wilkinson & Stuedemann 1979).  Toxicity symptoms are generally 


considered unlikely except under prolonged exposure (NRC 2006).  When excessive consumption of 


potassium does occur it may induce hypomagnesaemia (grass tetany) or hypocalcaemia (milk fever) 


(NRC 2005). 


The 10 mm ash deposit had the highest sulphur, calcium, magnesium, iron and molybdenum values, 


suggesting that ash thickness is not indicative of the potential fertilisation from ashfall.  This ash 


depth also allowed greater pasture growth and thus increased nutrient cycling, which probably 


assisted uptake of minerals from the soil.   


 


4.4.2 Frequency/Irrigation Tunnel-house Trial 


4.4.2.1 Observations 


Frequency/Rainfall Trial 


Ash treatments began on 12 September 2007, with observations of pasture response made on 18, 


28 September, 12, 25 October, and 2 December (Table 4.10).  The 150 mm tall Manawatu pastures 


were bent over and buried under 1x50 mm treatment (Figure 4.7).  Pasture was not bent over in the 
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5 x 10 mm ash treatments as each 10 mm ashfall was insufficient to cause burial and tillers could 


right themselves sufficiently between treatments (especially if there was rainfall).  Pastures were 


continually dirty in the 25 x 2 mm treatment, except under the most frequent irrigation treatment (2 


days-1) (Figure 4.8).  Clover was still observable after 6 days (18 Sept 07) with a net ashfall thickness 


of 12 mm (irrigation: 10 mm / 4 days), but was not observed after this point (Figure 4.9).   


Within the first weeks of treatment the 1 x 50 mm pastures were stunted significantly compared to 


the other ashfall frequency treatments, with less volume of grass and coverage across the bucket.  


But as the trial progressed, recovery occurred in the 1 x 50 mm pots and the full thicknesses of 


ashfall was applied to the other pots, suppressing pasture development.   


Yellowing of pastures was most severe in treatments with least rainfall and 1x50 mm ashfall.  With 


the frequent rainfall treatments fewer ryegrass tillers were yellowed in the 1 x 50 mm treatment and 


none were yellowed in the 25 x 2 mm treatment.  Pastures would be yellower when under less 


frequent but same net volume rainfall.  


Table 4.9: Maximum Tolerable Limit of Minerals in Consumable Dry Matter for Ruminants (after 


NRC 2005) 


Mineral Maximum Tolerable Limit  


N n/a 


P 0.6% 


K 2% 


S 0.3% or 0.5% with high forage feeds 


Ca 1% 


Mg 0.4% cattle; 0.6% sheep 


Na 4 % 


Fe 500 mg/kg 


Mn 2,000 mg/kg 


Zn 500 mg/kg cattle; 300 mg/kg sheep 


Cu 40 mg/kg cattle; 15 mg/kg sheep 


B 150 mg/kg 


Mo 5 mg/kg 


Co 25 mg/kg 


Se 5 mg/kg 


Al 1,000 mg/kg 
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 Table 4.8: Herbage Analyses from the Tunnel house trials.  Results have been colour coded to reflect plant health and toxicity to ruminants 


DATE 25-Oct-07 19-Dec-07 


SAMPLE M7 M10 M13 M16 M34 M39 M40 M48 M73 M34 M39 M40 


 TREATMENT  100 mm  50 mm  10 mm  
0 mm 


(control) 


1x50 mm 


0 rain 


5x10 mm  


0 rain 


25x2 mm  


0 rain 


5x10 mm 


5 mm/4 days 


5x10 mm 


20 mm/4 days 


1x50 mm 


0 rain 


5x10 mm  


0 rain 


25x2 mm  


0 rain 


 PLANT Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass Ryegrass 


N % 2.1 1.6 1.8 1.9 2.4 1.8 1.9 2 2 1.4 1 1.3 


P % 0.33 0.3 0.44 0.44 0.48 0.4 0.34 0.43 0.39 0.38 0.38 0.33 


K % 3.4 3.1 3.2 2.8 2.9 3.1 3 3.7 3.4 2.2 2 2.3 


S % 0.73 0.74 0.93 0.3 0.67 0.63 0.62 0.7 0.57 0.43 0.49 0.45 


Ca % 0.72 0.64 0.89 0.86 0.75 0.72 0.7 0.62 0.49 0.42 0.47 0.48 


Mg % 0.17 0.17 0.33 0.26 0.27 0.22 0.18 0.22 0.16 0.19 0.16 0.15 


Na % 0.09 0.08 0.07 0.08 0.09 0.09 0.08 0.06 0.06 0.07 0.07 0.06 


Fe mg/kg 81 72 122 91 287 488 296 201 135 47 431 73 


Mn mg/kg 80 130 120 43 59 51 44 73 95 55 73 78 


Zn mg/kg 21 20 23 18 22 19 16 23 29 33 45 27 


Cu mg/kg 10 12 12 10 13 11 10 10 11 8 10 9 


B mg/kg 10 11 11 13 11 10 13 8 8 9 6 9 


Mo mg/kg 0.76 0.7 1.3 2.8 1.5 1.6 1.5 1.2 1.1 0.7 0.97 0.86 


Co mg/kg 0.31 0.58 0.33 0.16 0.31 0.39 0.26 0.4 0.59     


Se mg/kg 0.04 0.05 0.06 0.01 0.11 0.19 0.13 0.1 0.08 0.04 0.15 0.06 


Al mg/kg 83 114 143 98 291 519 305 191 133 88 618 87 


 


  Deficient for optimal plant growth 


  Excessive for optimal plant growth 


  Exceeds maximum tolerable limit for ruminants 
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Rainfall variation had little influence after 1 month (12 Oct 07), but as the trial progressed the on-


going ashfall treatments began to influence pastures and the higher the frequency and volume of 


rainfall resulted in significant pasture growth and dry matter yield.   


  


Figure 4.7: A: Pasture buried under 1 x 50 mm treatment (18 Sept 07); B: Pasture at completion of 


full 5 x 10 mm treatment (18 Sept 07). 


  


Figure 4.8: A: Dusty ash covered pasture under the 25 x 2 mm treatment with 20 mm/ 6 days 


irrigation (18 Sept 07); B: Cleaned pasture under the 1 x 50 mm treatment with 20 mm / 6 days 


irrigation (18 Sept 07) 


 


Figure 4.9: Clover present at 18 Sept 07 (Day 16) of the 25 x 2 mm treatment  
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4.4.2.2 Harvested Dry Weight Plant Matter 


Rainfall was important to maintain pasture growth throughout the trial.  The most dramatic 


reduction in yield occurred where frequent light ashfall was experienced with no irrigation.   In the 1 


x 50 mm treatment less frequent, high volume rainfall gave the greatest pasture yield (Figure 4.10).  


However yields from the 5 x 10 mm and 25 x 2 mm treatments showed that the greater the 


frequency of rainfall the greater the dry matter yield.  Similar yields for the same irrigation 


frequencies in the 25 x 2 mm treatment indicate that rainfall volume is less important than rainfall 


frequency.  This suggests that the frequent rainfall cleaned pastures of ash and flushed acids from 


the soil, which served to increase pasture performance under frequent ashfalls (Figure 4.10; Table 


4.11).   


 


 


Figure 4.10: Harvested dry matter from variable ashfall and irrigation frequency trial 
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Table 4.10: Observations of pasture response to variable ashfall and irrigation volume treatments  


IRRIGATION 


ASHFALL 


FREQUENCY-


VOLUME 


OBSERVATION DATE 


18 Sept 28 Sept 12 Oct 


None 


 


1 x 50 mm - Slight yellowing at base of ryegrass tillers  


- Significant lodging of pasture, but 


beginning to penetrate through deposit 


- Pasture still yellowed 


- Pasture recovering from lodging 


- Significantly less coverage (20-30 %) and 


volume than other treatments  


- 250-400 mm pasture height 


5 x 10 mm - Pasture is dusty - No change - No change 


25 x 2 mm - Pasture is covered in fine ash (dusty 


appearance) 


- No change; pastures look healthy - No change; pastures look healthy 


20 mm / 6 days 


 


1 x 50 mm - Slight yellowing at base of ryegrass tillers  


- Significant lodging of pasture, but 


beginning to penetrate through deposit 


- Pasture still yellowed 


- Pasture recovering from lodging 


- Significantly less coverage (30 %) and volume 


than other treatments  


- 350-400 mm pasture height 


5 x 10 mm - Ash at soil surface, no lodging - No Change - No change 


25 x 2 mm - Ash at soil surface, no lodging - No change; pastures look healthy - Pasture growing well and deep green colour 


20 mm / 4 days 


 


1 x 50 mm - Slight yellowing at base of ryegrass tillers  


- Significant lodging of pasture, but 


beginning to penetrate through deposit 


- Pasture still yellowed 


- Pasture recovering from lodging 


- Significantly less coverage (30 %) and volume 


than other treatments  


- 250-400 mm pasture height 


5 x 10 mm - Ash at soil surface, no lodging - No change - Significant growth of pastures (600 mm 


height) 


25 x 2 mm - Ash at soil surface, no lodging - No change - Significant growth of pastures (600 mm 


height) 


10 mm / 4 days 


 


1 x 50 mm - Slight yellowing at base of ryegrass tillers  


- Significant lodging of pasture, but 


beginning to penetrate through deposit 


- Pasture still yellowed 


- Pasture recovering from lodging 


- Significantly less coverage (20-30 %) and 


volume than other treatments  


- 250-400 mm pasture height 


5 x 10 mm - Ash at soil surface, no lodging -  -  


25 x 2 mm - Ash at soil surface, no lodging - No change; pastures look healthy -  


10 mm / 2 days 


 


1 x 50 mm - Slight yellowing at base of ryegrass tillers  


- Significant lodging of pasture, but 


beginning to penetrate through deposit 


- Pasture still yellowed 


- Pasture recovering from lodging 


- Significantly less coverage (20 %) and volume 


than other treatments  


- 250-400 mm pasture height 


5 x 10 mm - Ash at soil surface, no lodging -  -  


25 x 2 mm - Ash at soil surface, no lodging - No change; pastures look healthy -  


5 mm / 2 days 1 x 50 mm - Slight yellowing at base of ryegrass tillers  - Pasture still yellowed - Significantly less coverage (20 %) and volume 
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 - Significant lodging of pasture, but 


beginning to penetrate through deposit 


- Pasture recovering from lodging than other treatments  


- 250-300 mm pasture height 


5 x 10 mm - Ash at soil surface, no lodging -  -  


25 x 2 mm - Ash at soil surface, no lodging - No change; pastures look healthy -  


 


IRRIGATION 


ASHFALL 


FREQUENCY-


VOLUME 


OBSERVATION DATE 


25 Oct 07 2 Dec 07 


None 


 


1 x 50 mm - Growth appears stunted, but still green 


- No longerlodged 


- Moisture stressed, with some dead leaves  


- Full penetrating of ash deposit  


- 1000 mm height 


5 x 10 mm - Growth appears stunted, but still green - Moisture stressed, with some dead leaves  


- Full penetration of ash deposit  


- 700 mm height  


25 x 2 mm - Growth appears stunted, but still green - Moisture stressed, with many dead leaves  


- Full penetration of ash deposit  


- 400 mm height 


20 mm / 6 days 


 


1 x 50 mm - Good growth (600 mm height) - Continuing good growth (1100 mm height) 


5 x 10 mm -  -  


25 x 2 mm -  - Least performing (600 mm height) 


20 mm / 4 days 


 


1 x 50 mm - Similar performance; 600 mm height - Similar performance; 1200 mm height 


5 x 10 mm - Similar performance; 550 mm height - Similar performance; 1200 mm height 


25 x 2 mm - Similar performance; 500 mm height - Similar performance; 1200 mm height 


10 mm / 4 days 


 


1 x 50 mm - Good growth, slightly yellow in colour - Extensive growth, slightly yellow in colour 


- Height 1200 mm 


5 x 10 mm -  - Extensive growth, slightly yellow in colour 


Height 1200 mm 


25 x 2 mm - Good growth (600 mm height) - Good growth, slightly yellow in colour Height 


900 mm 


10 mm / 2 days 


 


1 x 50 mm -  - Extensive growth; height 1000 mm 


- Flowering 


5 x 10 mm -  - Extensive growth; height 1100 mm 


- Flowering 
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25 x 2 mm - Extensive growth (800 mm height) - Extensive growth; height 1200 mm 


- Flowering 


5 mm / 2 days 


 


1 x 50 mm -  - Stunted growth 


5 x 10 mm -  - Extensive growth; height 1200 mm 


- Flowering 


25 x 2 mm - Extensive growth (800 mm height) - Extensive growth; height 1400 mm 


- Collapsing under own weight 


- Flowering 
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Table 4.11: Harvested dry matter from variable ashfall and irrigation frequency trial 


IRRIGATION 
ASHFALL 


FREQUENCY-
VOLUME 


DRY WEIGHT OF HARVESTED PASTURE 


Pot 1 
(g) 


Pot 2 
(g) 


Pot 3 
(g) 


Average Weight 
(g) 


Standard 
Deviation 


No Irrigaton 


1 x 50 mm 30.37 42.42 36.45 36.41 6.03 


5 x 10 mm 27.16 28.61 26.99 27.59 0.89 


25 x 2 mm 9.93 22.85 18.96 17.25 6.63 


20 mm / 6 
days 


1 x 50 mm 56.54 57.16 51.44 55.05 3.14 


5 x 10 mm 37.19 47.69 31.66 38.85 8.14 


25 x 2 mm 44.99 29.94 22.53 32.49 11.44 


20 mm / 4 
days 


1 x 50 mm 45.97 39.99 55.65 47.2 7.90 


5 x 10 mm 39.21 50.1 41.02 43.44 5.84 


25 x 2 mm 43.49 29.69 44.73 39.3 8.35 


10 mm / 4 
days 


1 x 50 mm 49.42 38.77 46.92 45.04 5.57 


5 x 10 mm 53.4 37.02 45.6 45.34 8.19 


25 x 2 mm 47.08 27.11 46.92 40.37 11.48 


10 mm / 2 
days 


1 x 50 mm 38.9 56.73 37.26 44.3 10.80 


5 x 10 mm 37.71 45.86 54.54 46.04 8.42 


25 x 2 mm 55.94 56.84 50.68 54.49 3.33 


5 mm / 2 
days 


1 x 50 mm 38.95 44.35 40.17 41.16 2.83 


5 x 10 mm 41.63 46.38 54.82 47.61 6.68 


25 x 2 mm 49.21 66.22 45.13 53.52 11.19 


 


4.4.2.3 Herbage Analysis 


Ryegrasses that received equal volumes of ashfall but no rainfall (M34, M39 and M40) had a greater 


concentration of elements compared with those under regular rainfall that cleaned ash from leaves 


and flushed soluble nutrients through the soils (Table 4.8).  Even ryegrass plants that received some 


rain (M48) had higher concentrations of sulphur, calcium, magnesium, iron, and aluminium than 


plants, which received four times the rainfall (M73).  The frequency of ashfall appeared to have little 


influence on plant elemental concentrations (M34, M39 and M40).  Between 25 October and 19 


December 2007 most element concentrations in the ryegrass plants M34, M39 and M40 generally 


declined. 


 


4.4.3 Field Trial 


Treatment of the trial plots was carried out on 19 September 2007 to take advantage of warmer 


spring temperatures.   







106 
 


4.4.3.1 Observations 


Observations of soil response and pasture extent and composition were made on 28 September, 11, 


25 October, 1 December 2007, 15 June and 5 December 2008 (Table 4.12).   


Germination on treatment seeds was first observed on 11 October 07 (Figure 4.11).  Ryegrass, 


fescue, rape and red and white clover varieties and broadleaf (clover/rape) seedlings were 


germinating across plots (up to 80% coverage) that had been cultivated and received a treatment of 


lime and fertiliser.  Some seedlings were up to 50 mm above ground level.  In general, seedlings 


appeared slightly yellow compared to the control pasture trial, although some were red.  Plot 3F had 


a patchy coverage (10-20%) of seedlings that were significantly less developed than other plots (<10 


mm high).  No germination had occurred on the non-cultivated plot (3A).  By 25 October seed 


germination and seedling growth continued successfully, although some grasses showed signs of 


moisture and pH stress, turning yellow or red (Zeng et al. 2005).  Soil microtopography was an 


important control, with rough soil surfaces and cultivation furrows providing locations for seedling 


establishment.  The greatest concentration of pasture was aligned with cultivation furrows and was 


a mix of fibrous rooted grasses, which bound the soil and prevent crust development, clovers, which 


fixed nitrogen, and deeply rooted rape plants, which probably brought up water from the buried 


soil.  Regular rains throughout September-October meant there was adequate moisture within the 


soil of the trial plots, although, surficial dry areas were typically devoid of seed germination.  Acidic 


conditions from sulphides in the deposits oxidised to produce sulphuric acid and inhibited seedling 


germination and root development.  Treatments with the greatest lime application performed best 


and the additional lime treatment on 25 October 2007 assisted in increasing soil pH.  Trials not given 


the second lime treatment showed increased sulphate levels and lower pH, calcium and Olsen P 


levels over time, but had little influence on carbon or nitrogen content or CEC.  This suggests that 


the deposit had a fertilising effect on the soil, but did little to improve plant growth.   
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Figure 4.11: Trial 3E over time. 


Lightly cultivated treatments developed a fine grained crust within 3 weeks (11 Oct 07) (Figure 4.12), 


which reduced water infiltration making the soil hydrophobic and increased runoff and soil erosion 


(particularly rill development), similar to that observed following the 1980 St Helens ashfall (Folsom 


1986).  The crust reduced germination potential by reducing the occurrence of micro-topographic 


depressions for seedling development.  During the winter rains of 2008 significant surface runoff and 


erosion occurred on the non-cultivated, compacted and crusted soil surface (15 June 2008). The 


crust was typically thin (1-3 mm) and mostly made up a compact layer of very fine ash (silt sized).  It 


was moderately-well indurated on the surface, but easily broken up with mechanical cultivation.  At 


50 mm depth the soil was relatively unconsolidated and easily workable.  Deep cultivated 


treatments did not develop a crust on the lahar surface for more than 6 weeks (1 Dec 07), and never 


to the extent in non-cultivated treatments.  After 14 months cultivated treatments had developed 


only a poor-moderately indurated crust ~1 mm thick.   
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Table 4.12: Field trial observations of different pasture rehabilitation treatments  


TREATMENT 
OBSERVATION DATE 


28 Sept 07 11 Oct 08 25 Oct 07 


Control - Spare grass growth in bovine fecal 


matter and isolated soil outcrops.  


Barren over rest of plot 


- Hardy thick grasses growing through <50 


mm; dark green and red in colour (acid?) 


- Developed hard crust (2-5 mm thick) in 


deposits >50 mm 


- Hard crust  


- Extensive rilling from runoff 


- No vegetation on the plot area, except for small grass plants in fecal 


deposits. 


- No change 


3A - No germination; seed visible on surface 


- No crust development 


- No seed germination 


- Hard compact crust has developed, with very flat surface.  Few micro-


topographic features for seedling establishment 


- Spare seed germination across the trial area 


- Most only grasses;  < 10 mm high; red colour 


- Small patches of clover in some hollows 


- Soil moisture level is very low; deal seedlings in very dry 


areas 


- Hard crust further developed (hydrophobic) 


3B 


 


- No germination 


- No crust development 


- No crust and only slight evidence of soil compaction 


- Good coverage of seed across the plot; rough areas with suitable micro-


topographic features have extensive germination of mostly annual 


ryegrass seedlings (40-50 mm high) and most other areas 10 mm high, 


and some broadleaf varieties (rape & clover) 


- Seed germination from ~10 mm depth; all seedlings have long roots, 


with some very well established (30 mm long) 


- 10% of seedlings had dead or underdeveloped roots 


- Seedlings appear slightly yellow compared to control pasture trial 


- Crust starting to develop (0.5-1 mm thick) 


- Seedlings are all yellow or grasses have  a red colour 


- Most seedlings are in the micro-topographic highs 


(opposite to all other trial plots) 


- In shallower areas where soil has been mixed with 


deposit there is good coverage of seedlings 


- Mostly grasses, few broad leaf legumes 


3C - No germination 


- No crust development 


- No crust and no evidence of soil compaction 


- Good coverage of seed across the plot; rough areas with suitable micro-


topographic features have extensive germination of mostly annual 


ryegrass seedlings (40-50 mm high) and most other areas 10 mm high, 


and some broadleaf varieties (rape & clover) 


- Preferential growth in hallows and troughs of tillage pattern 


- Seed germination from ~15 mm depth; all seedlings have long roots, 


with some very well established (30 mm long) 


- Seedlings appear slightly yellow compared to control pasture trial 


- No crust but some evidence of soil compaction 


- Patchy coverage of seedlings across plot area, reduced 


since 11/10/07; mostly in protected depressions 


- Mostly just grasses, but some rape and clovers evident 


- Grasses very red in colour, especially the less developed 


seedlings 
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3D  - No germination 


- No crust development 


- No crust and no evidence of soil compaction 


- Good coverage of seed across the plot (but < 3C & 3E); rough areas with 


suitable micro-topographic features have extensive germination of 


mostly annual ryegrass and fescue seedlings (40-50 mm high) and most 


other areas 10 mm high, and some broadleaf varieties (rape & clover) 


- Preferential growth in hallows and troughs of tillage pattern 


- Seedlings appear slightly yellow compared to control pasture trial 


- No crust but some evidence of soil compaction 


- Patchy coverage of seedlings across plot area, reduced 


since 11/10/07; mostly in protected depressions; less 


dense seedling cover compared to 3C 


- Most seedlings in soil microtopographic depressions 


3E - No germination 


- No crust development 


- No crust and no evidence of soil compaction 


- Limited grass growth in deep part of deposit (5mm height) but seedlings 


up to 80 mm height at shallow deposit.   


- Greater number of broadleaf seedling germination, but yellowing and 


pale in many cases.   


- Preferential growth in hallows and troughs of tillage pattern 


- Dry areas are devoid of seed germination (20% of plot) 


- Seedlings appear slightly yellow compared to control pasture trial 


- No crust but some evidence of soil compaction 


- Most seedlings in thinner deposit 


- Best coverage of seedlings of all the plot areas  


- Most seedlings in soil microtopographic depressions 


- Mostly just grasses, but some rape and clovers evident, 


especially in dense concentration so pastures 


3F - No germination 


- No crust development 


- Very limited germination across trial (30% of plot area) 


- No seedling >10 mm in height 


- Good number of seedlings have recently germinated (suppressed 


compared to other treatments) 


- Few seedlings have established roots (acid impact). 


- No crust but some evidence of soil compaction 


- Very limited germination across trial (30% of plot area) 


- Small, thin, red grass seedlings (nothing >10 mm height) 


- Many seedlings died in the soil without striking 


 


TREATMENT 
OBSERVATION DATE 


1 Dec 07 15 Jun 08 5 Dec 08 


Control - Barren of all vegetation; grass plants growing  in 


faecal matter has died 


- Very hard, compacted surface  


- Some ryegrass is growing through thin deposit (10-


30 mm); patchy and sparse 


- No new vegetation growth in >50 mm deposit 


- Very hard, compacted surface (20-30 mm 


saturated, hard layer) 


- Barren of all vegetation; grass plants growing in faecal 


matter has died 


- Very hard, compacted surface  


- Surface runoff has created 20-30 mm deep  


3A a 


(limed) 


- Barren of vegetation; seedlings have all died 


- Very hard crust has developed, even where 


topsoil has mixed with lahar debris; similar to 


control plot 


- Barren of vegetation; seedlings have all died 


- Very hard crust has developed, even where topsoil 


has mixed with lahar debris; similar to control plot 


- Devoid of any living plant growth  


- Surface water runoff has led to rill development (20-30 


mm depth); in places the hard crust has developed, even 


where topsoil mixed with lahar debris 


b  - No difference to Trial 3A-a - Devoid of any living plant growth - Devoid of any living plant growth 


3B a - Barren of vegetation; seedlings have all died - Devoid of any living plant growth - Small isolated seedlings growing (20-50 mm high); 
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(limed) - Very hard crust has developed (5-7 mm thick) 


with remaining deposit very compacted; 


including where topsoil mixed with lahar debris 


- 50-60 mm of soil is very dry 


- Very hard, compacted surface (20-30 mm 


saturated, hard layer) 


- Evidence of surface runoff, with 20-30 mm rills 


typically in shallow lahar debris section of plot (<100 mm) 


- Seedlings are dark green and red colour 


b  - No difference to Trial 3B-a  - No difference to Trial 3B-a - No visible growth  


3C a 


(limed) 


- Most of the seedlings & plants have died due to 


moisture stress; remaining 10-20% red or deep-


green 


- Soil very dry; where areas of greatest topsoil & 


lahar deposit mixing has best moisture 


retention 


- Most established plants have survived best, 


probably due to their deeper roots 


- Rape plants surviving most effectively (deep 


roots to 400 mm depth) 


- Light crust has developed (1-3 mm thick) 


- 5-10% cover of plot area; mostly ryegrass but some 


rape plants present (30-40 mm high); spare white 


clover in sheltered areas 


- All relatively recent growth, with new ryegrass 


seedlings healthy green colour; established 


ryegrass plants are red or dark green 


- Most growth occurs where topsoil and lahar has 


mixed 


- Generally new growth is where the old growth was  


- Thin, saturated layer of fines at surface (5-10 mm) 


- Most prolific growth of all plots 


- Ryegrass, fescue, red & white clover, rape and dandy-lines 


are all present; ryegrass up to 500 mm high 


- Vegetation mostly in thin deposit (<100 mm).  All 


vegetation have long, deep roots. 


- Vegetation is binding the soil (reducing surface runoff), 


reducing compaction and inhibiting crust formation 


- A thin (0.5 mm) crust is present in non-vegetated areas 


b  - No difference to Trial 3C-a (limed) - 2-3% cover of ryegrass - Similar to Trial 3C-a, but slightly less growth 


3D a 


(limed) 


- Soil very dry 


- Most of the seedlings & plants have died due to 


moisture stress; remaining 10-20% red or deep-


green; most established plants have survived 


best, probably due to their deeper roots 


- Light crust has developed (1-3 mm thick) 


- Concentration of plants around area of mixed 


topsoil and ash 


- 5% cover of plot area; mostly ryegrass but some 


rape plants present (30-40 mm high); spare white 


clover in sheltered areas 


- Most growth occurs where topsoil and lahar has 


mixed 


- Generally new growth is where the old growth was  


- Ryegrass, fescue, red & white clover, rape and dandy-lines 


are all present; ryegrass up to 400 mm high 


- Vegetation mostly in thin deposit (<100 mm).  All 


vegetation have long, deep roots. 


- A thin (0.5 mm) crust is present in non-vegetated areas 


b  - Slightly less concentration of plants than in 3D-a - 2-3% cover of plot area, other wise similar to 3D-a - Much less growth; only ryegrass evident at 100-150 mm 


height 


- Growth appears to be all new seedlings 


- Plants located mostly in plot where lahar deposit 


relatively thin (50-150 mm of ash) 


- A thin (0.5 mm) crust is present in non-vegetated areas 


3E a 


(limed) 


- Light crust has developed (1-3 mm thick) 


- Most of the seedlings & plants have died due to 


moisture stress; remaining 10-20% red or deep-


green 


- 5-7% cover of plot area 


- Generally new growth is where the old growth was  


- Mostly ryegrass, clover with occasional small rape 


plant 


- Ryegrass, fescue, red & white clover, rape and dandy-lines 


are all present; ryegrass up to 400 mm high 


- A thin (0.5 mm) crust is present in non-vegetated areas 
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- Most established plants have survived best, 


probably due to their deeper roots  


- Significantly more clover in this plot area (50% of 


all plants) 


- Ryegrass and rape plants look red, dry and 


stressed. 


- No evidence of a crust developing 


b  - Slightly less concentration of plants than in 3D-a - 5% cover of plot area; otherwise similar to 3E-a - Similar to 3E-a, but less plant cover 


3F a 


(limed) 


- Devoid of any living plant growth - Devoid of any living plant growth - Isolated seedlings in some areas (<1 % of plot area) 


b - Devoid of any living plant growth - Devoid of any living plant growth - Devoid of any living plant growth 
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Figure 4.12: Crust development on the untreated lahar surface from above (A) and cut away (B).  


Note the loose coarse ash/lapilli grains between 3-10 mm are scattered over the surface, but 


when they are cleaned away only fine grained crust remains  


 


Very dry conditions in November 2007 resulted in most of the small seedlings dying in all plots.  The 


reduced water infiltration from crust development and the low water holding capacity of the deposit 


exacerbated the drought conditions.  Well established fescue, ryegrasses and rape plants survived 


the drought with deep roots (>400 mm) that extended the mixed cultivation zone to the buried soil 


beneath.  Plants were often concentrated where topsoil had been thoroughly mixed with the lahar 


deposit, suggesting better water-holding and fertility properties. 


By the following winter (15 Jun 08) pasture had returned on trial plots 3C, 3D and 3E; the most 


successful from the previous year.  Annual and perennial ryegrass, fescue, red and white clover, and 


rape were the most successful species.  Typically ryegrass was the most common, but was most 


successful when it grew in combination with clover and rape, likely due to the N-fixing properties, 


greater organic-C and moisture availability.  Taraxacum (Dandelion) weed also became established 


after 10-14 months (June 2008).  The plants were only in the dual lime treated areas and exhibited 


extensive root development, suggesting acid production had been neutralized or exhausted.  


Coverage of the plots was generally sparse, but this improved rapidly and by 5 December 2008 


established areas of pasture (ryegrass, fescue, red & white clover and rape) were present on all 


three plots.  Vegetation bound the soil, hindering surface runoff erosion, and reducing crust 


formation and soil compaction.  Even after 15 months emerging seedlings were commonly a red 


colour, indicating low pH conditions.   


At the completion of the monitoring period (5 Dec 08) the uncultivated soils were devoid of 


vegetation where lahar deposits exceeded 20 mm.  The soil was very hard, due to development of a 


crust from dewatering and rain compaction and consolidation of the deposit beneath the crust.  This 


B A 
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inhibited water infiltration, leading to death of any seedlings and reduced any significant surface 


run-off producing rills (<40 mm deep).  A thin crust developed again at the bottoms of the rills.   


 


4.4.3.2 Soil Compaction 


The bulk density of the top 15 cm of lahar deposit/topsoil was measured over time to investigate the 


impact of cultivation on soil compaction.  A known volume of soil was sampled, oven dried and 


weighed.  Results indicated the lahar deposit compacted significantly throughout the trial (Table 


4.13).  However, the cultivation treatment maintained a relatively uncompacted seedbed and 


delayed the development of a crust.  This increased water infiltration which assisted plant growth 


and reduced surface runoff and associated erosion.  It also assisted seedling penetration and 


aeration. 


Table 4.13: Soil bulk density change over time in field trial plots 


DATE LAHAR Bulk Density (g/cm
3
) SOIL Bulk Density (g/cm


3
) 


Control Light Cult Heavy Cult Control Light Cult Heavy Cult 


5-Sep-07 1.31 1.21 1.01 1.35 1.29 1.14 


28-Sep-07 1.3 1.22 1.05 1.35 1.25 1.13 


25-Oct-07 1.46 1.29 1.12 1.34 1.28 1.21 


1-Dec-07 1.51 1.31 1.15 1.33 1.29 1.18 


 


4.4.3.3 Soil Fertility  


In general the field trial soils were very low in soil fertility indicators, with the exception of sulphate.  


Exchangeable cations were persistently low throughout the monitoring period.  Although calcium 


was present initially and remained present throughout the liming treatments.  Nitrogen and 


Potassium were persistently low throughout the trial, despite large initial fertiliser treatments.  


Cation exchange capacity (CEC) was very low throughout the trial due to the coarse grainsize and 


lack of clays and organic matter.  Where organic mulch treatments were applied organic carbon 


content increased slightly in the short term, although ultimately reduced over the trial period.  


Phosphorous levels (Olsen P) increased in trials which had good germination and cultivation, 


suggesting organic acids from plant activity was weathering the volcanic material (Shoji et al 1993).  


Sodium levels slightly increased over the 12 month period. Nitrogen content had increased by 


October 2007 with significant germination of clovers.  However the dry conditions of the 2007-08 


summer led to most clover drying and by June 2008 there was essentially no plant available 


nitrogen, even in the areas with clover growth (Table 4.14).   
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Table 4.14: Soil fertility analyses over time of lahar plots 


Sample 
Date 


Plot 
Number 


pH Olsen P 
(µgP/g) 


SO4 
(µgP/g) 


K 
(me/100g) 


Ca 
(me/100g) 


Mg 
(me/100g) 


Na 
(me/100g) C (%) N (%) CEC 


(me/100g) 


Soil 
Volume 
(g/ml) 


12-Jun-07 Obs 2.9 6.6 1784.3 <0.05 5.6 0.85 <0.01 0.04 <0.01 14 1.24 


19-Sep-07 


Obs 2.8 3.3 785.3 0.05 1.2 0.34 0.01 1.26 0.10 3 1.43 


3A-ash 2.9 3.3 304.5 <0.05 <0.1 <0.05 0.02 0.15 0.02 8 1.37 


3A-soil 3.5 7.1 535.5 <0.05 2.3 <0.05 0.01 2.13 0.13 11 1.29 


3B-ash 2.9 1.9 850.5 <0.05 6.0 <0.05 0.01 0.06 0.01 12 1.46 


3B-soil 3.3 8.9 871.5 <0.05 3.6 <0.05 <0.01 2.68 0.18 12 1.20 


3C-ash 3.1 2.8 168.0 <0.05 <0.1 <0.05 <0.01 <0.05 <0.01 5 1.50 


3C-soil 4.9 2.4 73.5 0.09 1.7 0.34 0.02 1.34 0.08 5 1.29 


3D-ash 2.9 1.4 441.0 <0.05 1.7 <0.05 0.05 <0.05 <0.01 6 1.50 


3D-soil 3.4 9.4 955.5 <0.05 5.5 <0.05 0.03 2.16 0.15 14 1.16 


3E-ash 5.6 13.6 4.5 0.28 4.5 0.84 0.05 5.16 0.36 11 0.93 


3E-soil 5.7 4.2 4.8 0.16 2.9 0.45 0.03 4.27 0.29 10 1.05 


3F-ash 3.8 4.7 5.5 0.31 5.4 0.97 0.05 6.46 0.50 14 0.83 


3F-soil 5.8 3.8 42.0 0.24 3.5 0.87 0.06 4.17 0.30 11 1.02 


25-Oct-07 


Obs 3.0 2.4 199.5 <0.05 0.2 0.05 0.04 0.06 <0.01 7 1.40 


3A-a 3.1 1.9 30.0 <0.05 1.1 0.24 <0.01 0.07 0.15 8 1.33 


3A-b 3.0 2.8 236.3 <0.05 <0.1 <0.05 0.02 0.10 <0.01 8 1.44 


3B-a 4.5 2.4 47.0 <0.05 8.8 0.15 0.05 0.08 0.36 12 1.34 


3B-b 3.0 3.3 220.5 <0.05 0.1 0.07 0.05 0.05 <0.01 8 1.37 


3C-a 6.6 14.3 15.5 <0.05 7.1 <0.05 0.05 0.15 0.29 7 1.42 


3C-b 3.0 2.8 236.3 <0.05 <0.1 <0.05 0.02 0.07 <0.01 8 1.44 


3D-a 4.0 17.1 25.5 <0.05 4.1 0.10 0.07 0.19 0.50 5 1.39 


3D-b 2.9 0.5 204.8 <0.05 <0.1 <0.05 <0.01 0.07 <0.01 6 1.47 


3E-a 6.5 30.9 14.5 <0.05 8.3 0.07 0.06 4.17 0.30 9 1.45 


3E-b 4.6 4.2 152.3 0.21 3.7 0.61 0.05 4.27 <0.01 15 0.92 


3F-a 4.3 5.2 15.0 <0.05 0.5 0.13 0.03 6.46 0.02 3 1.45 


3F-b 3.0 2.4 194.3 <0.05 0.2 0.07 0.04 3.22 <0.01 8 1.38 


15-Jun-08 


Obs 3.9 0.5 302 <0.05 0.6 0.07 0.04 0.08 <0.01 8 1.13 


3A-a 3.5 0.5 357 <0.05 0.4 0.05 0.02 0.06 <0.01 8 1.25 


3A-b 3.6 0.5 442 <0.05 1.7 0.10 0.04 0.09 <0.01 9 1.28 


3B-a 3.9 0.5 643 <0.05 4.4 0.05 0.03 0.07 <0.01 11 1.27 


3B-b 3.8 0.5 512 <0.05 2.6 0.04 0.02 0.05 <0.01 9 1.32 


3C-a 5.2 16.9 713 <0.05 7.8 0.05 0.02 0.06 <0.01 12 1.34 


3C-b 4.1 6.1 295 <0.05 1.7 0.03 0.02 0.08 <0.01 8 1.33 


3D-a 4.7 6.6 481 <0.05 4.3 0.04 0.11 0.05 <0.01 9 1.32 


3D-b 3.8 6.6 977 <0.05 2.2 0.02 0.10 0.05 <0.01 7 1.30 


3E-a 5.1 17.4 465 <0.05 5.0 0.07 0.11 0.16 <0.01 9 1.34 


3E-b 4.4 14.6 775 <0.05 5.4 0.05 0.13 0.17 <0.01 9 1.29 


3F-a 4.9 0.9 318 <0.05 2.8 0.07 0.11 0.15 <0.01 7 1.40 


3F-b 3.5 4.7 837 <0.05 1.7 0.23 0.05 0.98 0.06 11 1.29 
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The rapid loss of added nutrients and low CEC suggests that crystalline inorganic fertilisers were not 


suitable to the free draining soil and rapidly leached away.  The organic material added was likely 


insufficient in volume and texture to have significant benefit.  The organic mulch appeared to be 


unsuccessful in increasing soil organic carbon and water retention capacity.  A better management 


approach may be regular, small doses of fertiliser and the addition of much greater volumes of 


organic material, such as sewage sludge compost or even hay or silage.     


pH vs. SO4 


With no treatment the soil pH increased gradually over the 12 month monitoring period within the 


untreated observation trial (Figure 4.13).  Treatments which were cultivated and heavily limed 


resulted in the greatest increase of pH and large decreases in sulphate levels, particularly following 


the additional liming on 25 October 2007 (Figure 4.14).  Treatments without cultivation were less 


effective at raising pH and lowering sulphate levels.  However by the following June (2008) sulphate 


levels had increased coupled with decreased pH, suggesting further liming would be required to 


suppress sulphate, and acid generation. 


 


Figure 4.13: Change of pH and SO4 over time in observation plot (untreated) 
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Figure 4.14: Change of pH and SO4 over time in treated plots 


 


Influence of pasture establishment on soil fertility 


Given the strong performance of pastures in isolated locations in June 2008, soil samples were taken 


directly from these areas as a comparison to the standard soil sampling regime, which were 


commonly without established pasture (Table 4.15).  The presence of pasture improved the soil’s 


characteristics, with three of four areas in pasture recording higher CEC, exchangeable cations and 


Olsen P than the standard soil, with the exception was plot 3C-a (Figure 4.13).  


Table 4.15: Selected soil samples from established pastures – 15 June 2008 


Sample 
Date 


Plot 
Number 


pH Olsen P 
(µgP/g) 


SO4 
(µgP/g) 


K 
(me/100g) 


Ca 
(me/100g) 


Mg 
(me/100g) 


Na 
(me/100g) C (%) N (%) CEC 


(me/100g) 


Soil 
Volume 
(g/ml) 


15-Jun-08 


3C-a 6.0 18.4 434 <0.05 6.5 0.20 0.04 0.76 0.05 8 1.30 


3C-b 3.9 16.5 1279 <0.05 8.6 0.20 0.07 0.33 0.02 14 1.39 


3E-a 6.7 21.6 442 <0.05 13.6 0.21 0.04 0.27 0.01 14 1.29 


3E-b 6.6 12.2 1798 0.05 27.2 0.47 0.12 0.13 <0.01 28 1.32 


 


Soil Microbial Activity 


Two basic analyses of soil dehydrogenase enzyme activity were undertaken to investigate the 


influence of rehabilitation treatments on soil microbial activity (Beyer et al. 1993).  Samples were 
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taken of pre-treatment soil from the lahar area and control site collected on 19 Sept 07 and post-


treatment on 1 Dec 07 (Table 4.16).  Treatment 3E was selected as it was considered most likely to 


have had beneficial effects on soil microbial activity.  The tests showed the lahar soil had no 


dehydrogenase activity prior to treatment on 5 September 2007, compared to the high 


dehydrogenase activity in the control pasture.  By 1 December a small amount of activity was 


occurring suggesting some benefit from the treatment, but it was still significantly less than the 


control soil.  


Table 4.16: Dehydrogenase activity assay of lahar and soil plots 


DATE Lahar (Trial 3e) Soil (Trial 3e) 


5-Sept-07 (pre-treatment) 0.00 0.00 0.00 0.94 0.43 0.95 


1-Dec-07 (post-treatment) 0.05 0.12 0.00 0.89 0.95 0.76 


 


4.4.3.4 Herbage Analysis 


Rape plants were sampled from the field trial (treatment 3D) and the corresponding control plot on 


25 October 2007.  Both samples were analysed using the same methods as stated above for 


ryegrass.  The rape plant from the treated area showed greater concentrations of nearly all analysed 


elements (Table 4.17).  Prosperous, sulphur, calcium and copper exceeded NRC (2005) maximum 


tolerable guidelines for ruminant consumption.  Sulphur in particular was extremely high and likely 


to result in acute symptoms if eaten by ruminants.  Dry conditions and liming may have exacerbated 


the high Calcium levels.  Excessive calcium consumption leads to hypocalcaemia and soft tissue 


calcification (McDowell 1989). Copper also exceeded the guideline value in the F1-rape sample.  


Excessive copper consumption results in complex impacts on ruminants which is variable across 


species and breed.  Typically copper accumulates in the liver and when > 1,000 mg/kg is released 


from the liver in lysosomes causing bloody copper levels to rise, followed by haemoglobinuria, 


haemoglobinaemia, and jaundice (typically lasting for hours to days) (Fuentealba & Aburto 2003).  


High levels of aluminium were recorded in the F1 Rape sample from the field trial, which approached 


the NRC (2005) guideline value of 1,000 mg/kg.  Excessive aluminium intake effects the utilisation of 


several minerals, predominantly phosphorous absorption and metabolism, and may affect 


reproduction and newborn (NRC 2005).  Boron, sodium, iron, manganese and selenium were also 


elevated. 
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Table 4.17: Herbage analyses of rape plants sampled from field trial.  Results have been colour 


coded to reflect plant health and toxicity to ruminents. 


DATE 19-Dec-07 


SAMPLE F1 F2 


 TREATMENT 3D-a 3D-a 


PLANT   Rape Rape 


N % 3.1 2.7 


P % 0.64 0.23 


K % 1.1 1.7 


S % 1.9 0.26 


Ca % 2.38 1.18 


Mg % 0.21 0.3 


Na % 0.72 0.1 


Fe mg/kg 586 156 


Mn mg/kg 170 31 


Zn mg/kg 53 26 


Cu mg/kg 24 7 


B mg/kg 61 11 


Mo mg/kg 1.1 0.43 


Co mg/kg   


Se mg/kg 1.54 0.07 


Al mg/kg 797 288 


 


4.5 Conclusions 
Observations of tunnel house and field trials investigating the impact of heavy ashfall on pastures 


and trail several rehabilitation strategies lead to the following conclusions.  They can be used to 


anticipate the future agronomic effects of ash eruptions. 


 Fine grained, non-acidic ashfalls between 10 and 50 mm acted as a mulch, increasing 


pasture yield.  In contrast, coarse grained, highly acidic ash deposits slightly suppressed 


pastures yields.   


 Fine and coarse grained ashfall >50 mm dramatically reduced pasture yields; although 


reasonable pasture recovery occurred in deposits up to 100 mm.  


 Heavy ashfall ≥100 mm buried pasture and only very limited recovery occurred.   


 Ryegrass survived under heavy ashfall for over 3 months if ash deposits have limited acidity.  


It emerged through weaknesses in ash deposits, such as desiccation cracks.  Clover did not 


  Deficient for optimal plant growth 


  Excessive for optimal plant growth 


  Exceeds maximum tolerable limit for ruminants 
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recover following ashfalls >10 mm.  Short pastures were more easily buried, but grew more 


rapidly through desiccation cracks.    


 Fine grained ash deposits were most likely to desiccate, providing avenues for pasture 


penetration.  Strong ryegrass tillers were capable of penetrating directly through coarse 


grained, poorly consolidated ash deposits (mean grainsize >1 mm) for up to 1 month.   


 The most successful pasture recovery for all ash thicknesses was when grass penetrated ash 


deposits within 2-4 weeks following ashfall.   


Different ashfall frequency cumulating to a common thickness (50 mm), and different volume and 


frequency rainfall scenarios, were found to have significant influence on pasture yields: 


 High frequency thin ashfalls over a prolonged period with no rainfall was the most damaging 


to pasture performance and yield.   


 Where rainfall occurred, high frequency, thin ashfalls with frequent rainfalls was the most 


successful; in contrast one-off ashfalls of the same cumulative thickness, high volume low 


frequency rainfall was most successful.   


 Rainfall rapidly cleaned pastures of thin ash coatings. 


Pastures were negatively impacted when exposed to thick ashfalls with large coatings of 


volcanogenic soluble salts: 


 Ryegrasses exhibited potentially toxic levels of sulphur, potassium, calcium, and copper; 


iron, aluminium, sodium, manganese were also elevated.    Dry conditions exacerbated 


elemental concentrations in plants, due to reduced leaf cleaning by rain and flushing of soils.   


 Sulphuric acid coated ash affected ryegrass tillers emerging following burial, causing 


yellowing and reddening.  It also suppressed germination in field trials, and inhibited root 


development where germination did occur. 


 


Soil characteristics were dramatically changed following ash treatments: 


 Substantial additions of sulphur occurred following Ruapehu ash treatments, requiring high 


rates of lime application to mitigate low soil pH conditions.   


 Persistently low CEC, nitrogen, organic-C, potassium, and other exchangeable cations; 


continual sulphuric acid production from sulphide weathering; and low soil water holding 


capacity limited further development.   
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 In field trials seedlings established in micro-topographic depressions, but the development 


of a hard crust on the ash deposit from elutriation (during dewatering), rain compaction and 


possible chemical precipitation was an additional barrier to seedling establishment and 


regenerating pastures from the buried topsoil.  It also significantly inhibited water 


infiltration, leading to surface runoff and soil erosion.  Crust development was mitigated by 


heavy cultivation.   


 The coarse grainsize of Ruapehu lahar debris reduced water holding capacity and crystalline 


fertiliser was flushed out rapidly.  Drought conditions exacerbated difficult germination and 


plant growth conditions.  Pasture establishment was most successful in the long term where 


topsoil had been mixed with the ash deposit.   


Rehabilitation treatments in field trials did not rapidly raise soil fertility indicators over 12 months.  


Whilst some plant growth occurred and soil microbial activity increased slightly, it proved difficult to 


establish significant plant growth to increase soil organic matter.   
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