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Outline of Talk 
1. Global volcanic hazard casualties 

2. Proximal and distal hazards, general mitigation 
options 

3. Summary of Volcanic impacts on: 

 Infrastructure (electricity networks, water and 
wastewater, transport, communications) 

 Health (injury hazards, effects on drinking water, 
respiratory hazards)  

 Agriculture (effects on crops, livestock) 

 



  

 

Cumulative number of global volcanic fatalities. Shown using all 533 fatal volcanic 

incidents (red line), with the largest five disasters removed (blue line), and with the 

largest ten disasters removed (purple line). Counts are calculated in five-year cohorts. 
Auker et al. Journal of Applied Volcanology 2013 2:2   doi:10.1186/2191-5040-2-2 



What is the most lethal volcanic hazard? 

 

 

 



a) Distribution of 

fatalities across 

fatality causes, for 

all fatal incidents;  

b) Distribution of 

fatalities across 

fatality causes, with 

the largest five 

disasters removed. 

Auker et al. Journal of 

Applied Volcanology 

2013 2:2   doi:10.1186/21

91-5040-2-2 

PDCs, indirect (predominantly starvation 

and disease), waves (tsunamis) and 

primary lahars – are identified as 

responsible for over 90% of the 274,501 

fatalities 



 
a) Relationship between distance 

from volcano, number of 

fatalities, and cause of fatalities;  

b) Proportion of cumulative 

fatalities accounted for within 

given distance of volcano.  

  

The largest five disasters have been 

removed from both datasets. 

 

Auker et al. Journal of Applied 

Volcanology 2013 2:2   doi:10.1186/21

91-5040-2-2 



How lethal are volcanoes compared to other natural hazards? 

 

Fatalities from all disasters in the 20th Century 

Witham 2005 – Volcanic disasters and incidents: A new database – JVGR  



Volcanic deaths are historically low 
compared to earthquakes, floods and 
droughts...this is misleading 

 Pinatubo 1991 
 10,000’s were evacuated avoiding a mega-disaster 

 Several hundred deaths 

 200,000 displaced  

 Montserrat 1995-present 
 2/3 population left island + $1 billion is economic losses 

 La Soufriere in Guadeloupe 1976 
 73,000 evacuated for three months 

 small phreatic eruption resulted 

 Eyjafjallajokull 2010 
 Minor eruption 

 $US1.7 billion in losses; millions of passengers 
disrupted 

 



Volcanic Risk Management 
 

Three main strategies: 

 

1. Hazard Assessment - Mapping previous eruptive deposits to 
understand the style and magnitude of previous eruptions – where will 
hazards impact in the future? 

 

2. Volcanic Surveillance – monitoring geophysical and geochemical 
precursory signals.   

 

3. Evaluation and mitigation of the vulnerability of communities 
and the built environment exposed to potential volcanic hazards 
– e.g. engineering design/citing, land use planning (long term) and 
evacuations (short-term) 



Pyroclastic density currents 
 Formed by collapse of 

eruption column 

 Fast moving cloud of 
hot gas and tephra 

 Speeds >350 km/h 

 Lethal and destructive 

 Death:injury ratio of 
10:1 

 Causes of death 
 Heat shock 

 Asphyxia 

 Thermal lung injury 

 Deep burns 

 

 

 



S. Jenkins, J.-C. Komorowski, P.J. Baxter, R. Spence, A. Picquout, F. Lavigne, SuronoThe Merapi 2010 
eruption: An interdisciplinary impact assessment methodology for studying pyroclastic density 
current dynamicsJournal of Volcanology and Geothermal Research, Volume 261, 1 July 2013, Pages 
316–329: http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012 

2010 Merapi eruption 

http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012


  

S. Jenkins, J.-C. Komorowski, P.J. Baxter, R. Spence, A. Picquout, F. Lavigne, SuronoThe Merapi 2010 
eruption: An interdisciplinary impact assessment methodology for studying pyroclastic density 
current dynamicsJournal of Volcanology and Geothermal Research, Volume 261, 1 July 2013, Pages 
316–329: http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012 

http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012


  Bronggang village, 
approximately 13.5 
km from Merapi 
volcano 

 Impacted by 
dilute PDCs that 
detached from 
channelised PDCs 
in the Gendol 
river channel 

S. Jenkins, J.-C. Komorowski, P.J. Baxter, R. Spence, A. Picquout, F. Lavigne, SuronoThe Merapi 2010 
eruption: An interdisciplinary impact assessment methodology for studying pyroclastic density 
current dynamicsJournal of Volcanology and Geothermal Research, Volume 261, 1 July 2013, Pages 
316–329: http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012 

http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012


  

S. Jenkins, J.-C. Komorowski, P.J. Baxter, R. Spence, A. Picquout, F. Lavigne, SuronoThe Merapi 2010 
eruption: An interdisciplinary impact assessment methodology for studying pyroclastic density 
current dynamicsJournal of Volcanology and Geothermal Research, Volume 261, 1 July 2013, Pages 
316–329: http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012 

http://dx.doi.org/10.1016/j.jvolgeores.2013.02.012


Lahars 
 Constrained to valleys, can 

travel at >50 km/h and run 
out for tens of km 

 Flood protection measures 
not effective as lahars are 
laden with debris 

 V. destructive 

 Have caused many deaths 

 1985 eruption of Nevado 
del Ruiz, Colombia 

 Tangiwai, 1953 

 

 



Lava flows 
 Generally move 

slowly  

 Usually <10 km/hr 

 

 Destructive rather 
than lethal 



TEPHRA TROUBLE 
2008 Volcanic Hazards Road Show 

Surtsey 

Heimaey 

Southern coast of Iceland 

Eldfell Volcano 



TEPHRA TROUBLE 
2008 Volcanic Hazards Road Show 

Day 1 – 23 Jan 1973 



TEPHRA TROUBLE 
2008 Volcanic Hazards Road Show 

Day 2 – 24 Jan 1973 





Day 3? 



HUMAN vs. VOLCANO! 
 Cooling the Lava Flow 











At Tongariro ballistics 
blocks were old 

chunks of lava, ash 
was altered rock 

fragments 

Ballistic blocks and bombs 



Distribution of ballistic craters 



5 eruption pulses- east to west unzipping 

Fitzgerald et al. In prep: Ballistic Hazards from the 2012 Te Maari eruption, New 
Zealand. JVGR Special Issue 



PACAYA: 2010 
San Francisco de Sales 
 Population ~800 

 Around 3 km N of vent 

 Received incandescent 
ballistic blocks up to 20 cm 
long as well as around 20 
cm tephra fall 

 Residents were evacuated 

 90% of roofs in town 
needed to be replaced 

 Major crop damage led to 
food shortages 



Amatitlan geothermal plant 



What mitigation measures are possible for flow 
hazards (pyroclastic flow, lahar, lava flow)? 

• For people? 

• For the built environment? 

 

 

 



Summary of proximal hazards 
 Evacuation/relocation and land use planning = key tools 

 Structural mitigation options are limited in nearly all cases 

 Exception of strengthening and raising bridges, e.g. Tangiwai 

 Site infrastructure away from hazardous areas (eg move transmission 
towers out of known hazard areas)  

 Example: Tungurahua volcano, Ecuador 

 

 

 

 

Proposed redesign of transmission tower layout to avoid known lahar path, Tungurahua volcano 



 Volcanic gases 
 Volcanic gases – H2O, 

CO, CO2, SO2, H2S, HCl, 
HF 

 Emissions may occur in 
association with 
eruptions or between 
eruptions 

 May get degassing from 
main vent, fumarole 
fields or diffusely 
through soil 

 

 

 



Volcanic gas effects on health 

 Full picture of volcanic gas effects on health 
unclear 

 Fatalities have occurred from exposure to 
CO2, H2S, SO2 (short term exposure to high 
concentrations) 

 Lake Nyos, Cameroon – 1700 deaths after a 
cloud of CO2 gas was released after a 
landslide triggered release of CO2 dissolved 
in crater lake 

 Rotorua geothermal field – 10 deaths from 
H2S poisoning since 1946 
 

 Exposure to lower levels (chronic effects) 
 SO2- forms sulphuric acid on contact with 

moist membranes – severe irritant effects on 
eyes, skin, throat, upper respiratory tract. 
Asthmatics highly vulnerable. 



Other volcanic gas effects 
Corrosion (acidic gases, sulphate aerosol) 

Crop/vegetation damage 

Acidification of rainwater/water supplies  
 Hawai’i – had island-wide program to replace 

lead nails and flashings on roofs, as lead was 
solubilised into roof-collected household water 
supplies 

 Vanuatu – high levels of acidity, fluoride in 
water tanks – fluorosis in population (Shane 
Cronin, Massey) 



Mitigation of gas effects? 
 Precautionary Measures for Elevated Sulfur 

Dioxide Levels on the Big Island (Hawaii) 
 Stay indoors and use an air conditioner, if available. 

 Do not smoke and avoid second-hand smoke. 

 Limit physical exertion. 

 Drink plenty of fluids to loosen mucus. Warm beverages 
seem to work best. 

 If you take medications, make sure you have an adequate 
supply and keep them readily available in a convenient place. 

 Contact your physician as soon as any respiratory problem 
develops. 

 



Volcanic ash 

 Volcanic ash not 
(directly) lethal, but 
causes greatest 
cumulative damage 
and disruption to 
society 

 Can be dispersed very 
widely and cover very 
large areas 

 









Grainsize distribution of tephra deposits 
changes with distance travelled 



Ash properties 
 Ash is produced by explosive 

eruptions (magma 
fragmentation) 

 Ash is typically: 
 Highly abrasive (hard, 

angular) 

 Has a surface coating of 
soluble salts which can make 
it electrically conductive and 
corrosive 

 Ash is variable (colour, 
density, surface chemistry, 
particle morphology ..) 



Variable nature of tephra 

Rhyolite ash, Chaitén volcano, Chile Andesitic ash, Ruapehu volcano, NZ 

Basaltic tephra, Pacaya volcano, Guatemala 





Research Context – Ash Impact Research 

• Over the past 10-15 years the New Zealand 
research group (and collaborators) have aimed 
to undertake a sustained and systematic 
approach to volcanic impact assessment  

- critical infrastructure: electricity, water 
supplies, wastewater, land and air transport, 
telecommunications  

- ash cleanup and disposal 

- primary industries, including agriculture 

- social impacts 

- emergency management 

• Reconnaissance trips to impacted areas to bring 
lessons home 

• Followed by laboratory testing of critical 
infrastructure components...VAT Lab 



What pops up time after time... 

 Health (most important!) 

 What does ash do to me….to my children? 

 What will ash do to water supplies? 

 What impact will it have on food? 
 

 Farming 

 What will ash do to my animals? 

 What will ash do to my crops? 

 How can I remediate the damage? 

 How much Fluoride is in the ash? 
 

 Infrastructure 

 Unexpected.  Exotic… 

 Wow – this ash stuff was hard to clean up.   

 More time & $$ than expected 

 Didn’t expect those impacts.  Can we mitigate? 

 Wish we had planned for this… 

 Volcanic ash falls are often regarded as exotic 

events (mysterious) which are rarely planned for 



Context – Ash Impacts 
• Volcanic ash is the most likely volcanic hazard to affect the 

most people during an explosive eruption 

• Typically disruptive, rather than destructive 
•  Although can potentially create a variety of unique impacts 

• Due to the wide range of potential ash sources and 
characteristics it becomes complicated estimating what 
impacts will be… 

• Thickness, grainsize, leachate, etc. 



Can we begin to 
forecast impact 

thresholds for urban 
areas? 

What does heavy ash fall 
actually mean? 

 New Zealand and 
Patagonia share similar: 
 Latitude 

 Volcanoes 

 Climate (esp. west) 
CHAITEN 

HUDSON 

PUYEHUE  

CORDON-CAULLE 



 

References: 

• PCC: Villarosa et al. unpub 

data 

• Chaiten: Watt et al. 2009; 

Alfano et al. 2011 

• Hudson: Scasso et al. 1994 

40°S 

50°S 

Puerto Ibanez 

Chile Chico 

Los Antiguos 

Tres Cerros 

Puerto San Julian 

Perito Moreno 

Chaiten 

Futaleyufu 
Esquel 

Trevelin 

Villa La Angostura 

Bariloche 

CHAITEN 

HUDSON 

PCC 

Jaccobacci 

1991 Hudson Eruption 

• VEI 5 

• 4.3 km3 bulk volume 

• 100,000km2 affected 

• Trachyandesite-rhyodacite 

2008 Chaiten Eruption 

• VEI 4 

• 0.5-1.0 km3 bulk volume 

• 150,000km2 affected 

• Rhyolite 

2011 Puyehue Cordon-Caulle 

Eruption 

• VEI 4 

• ~4.5 km3 bulk volume 

• 150,000km2 affected 

• Rhyodacite 



Eruption HUDSON 1991 CHAITEN 2008 
PUYEHUE CORDON-

CAULLE 2011 

Town Affected 
Puerto 
Ibanez 

Chile Chico 
Los 

Antiguos 
Perito 

Moreno 
Tres 

Cerros 
Puerto 

San Julian 
Chaiten Futaleyufu Trevelin Esquel 

Villa La 
Angostura 

Bariloche Jaccobacci 

Distance from Vent  
(km) 90 120 125 175 473 545 11 75 100 110 44 90 231 

Ash hazard 
character- 

istics 

Thickness of 
ash fall (mm) 20 100 80 20 40 5 20 30 15 10 150 40 35 

Duration of 
main ash fall 

4 days 4 days 4 days 4 days 2-4 days 2-4 days 3 days 6 days 4 days 2-3 days 5-6 days 5-6 days 5-6 days 

Remob of 
ash 

(duration) 
15 years 15 years 15 years 15 years 

5-10 
years 

5-10 
years 

0.5-4 
years 

1-2 years 
6-18 

months 
6-18 

months 
6-12 

months 
6-12 

months 
>18 

months 

Critical 
Infra-

structure 

Power 

Water 

Ground 
Transport 

Waste-water 
& Sewage 

Telecom 

Municipal 
Cleanup 

Undertaken Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes 

Duration 

Evacuation 
of 

population 

Official Evac Yes No No No No No Yes Yes No No No No No 
Self evac – 
immediate <50% <50% <30% <25% >75% <5% 100% >50% <5% <5% <20% <5% <20% 
Self evac - 
long term <50% Yes Yes Yes >75% Yes >50% -- -- -- ??? -- -- 

DURATION 

Hour(s) 

Day(s) 

Month(s) 

Year(s) 

SEVERETY 

Few isolated issues 

Widespread outages 

Total disruption  

Electrical + Water: high 

dependence  high disruptive 

impact 

 

System design key factor 

 

 

Ground transportation: most common 

and often longest disruption.   

Roads (and properties) require clean up 

 costly and time consuming 



General findings for infrastructure 
 Disruptive rather than catastrophically damaging 

 

 Most infrastructure systems will tolerate volcanic ash...up to a 
point  
 

 Loose relationship with ash thickness/load, but strongly 
influenced by: 
 system design 
 level of planning  
 adaptive capacity 

 
 The complex characteristics of volcanic ash can create a range of 

possible direct and indirect impacts 
 Possibly leading to complex, cascading effects 
 Individual case-by-case assessment approach probably most 

appropriate 
 
 

 
 



Evacuation 
following 
Ash Falls 

Airborne ash 
= anxiety of 
respirable 

hazard 

Anxiety of ash 
contamination 

of food 
supplies 

Critical 
Infrastructure 

failure 

(power, water, 
etc.) 

Anxiety of ash 
contamination 

of water 
supplies 

 Official evacuations rare 
 

 But self-evacuation very 
common 
 

 Persistence of ashy 
conditions (direct or 
reomob) will influence 
duration of evacuation 
 

 Few evacuation from fear 
of roof collapse 
 insufficient ash loads 

 
 
 

Evacuations 



Outputs from this research?  
 Emphasis on preparedness and mitigation strategies 

 Strong focus on end user needs 

 Attempts to be: considered, accurate, practical 

 http://vatlab.org 

 



Health impacts of volcanic ash 
What are they? (name 3) 

 

 Injury hazards (especially 
during cleanup) 

Effects of airborne ash  

Effects of ash on water 
supplies 



Injury hazards from volcanic ashfall: 
May 2010 eruption of Pacaya volcano, Guatemala 

 Guatemala City received 2-3 cm of 
coarse, dense ashfall 

 Very little tendency to become 
resuspended in air 

 74 admissions to hospital ED 
specifically attributed to eruption: 
 85% multiple trauma  

 Fractures, dislocations, severe 
bruising caused by falls from roofs 
and ladders during cleanup, and 
traffic accidents 

 Two deaths due to traumatic brain 
injury after falling from roofs 
cleaning tephra 

 8% respiratory cases 
 4% burns (high voltage lines) 

 



Effects of airborne ash 
 Respiratory effects – ash is an 

irritant to airways  
 Ash can also irritate and inflame 

eyes, skin 
 Important factors: 

 Concentration of ash in air 
 Particle size - %<4 μm and <2.5 

μm  
 Crystalline silica content 

 Resuspension of loose ash can 
prolong effects 

 IVHHN protocol for assessing 
respiratory health hazard of ash 
 



Mitigation of health impacts 
 Masks and goggles 

 Exclude ash from houses 

 Evacuation of vulnerable 
people should be 
considered 

 Home rainwater tanks – 
disconnect downpipe to 
protect water in tank 

 Stockpile drinking water 

 Take great care during 
cleanup (particularly of 
roofs) 



Ash impacts on infrastructure 
 Buildings  

 Structural loading, HVAC systems, ash ingress into 
buildings 

 Transport 

 Municipal Clean up 

 Electricity networks 

 Water supplies 

 Wastewater and stormwater 

 Telecommunications and electronics 

 



Tephra Loading 

Effects depend on: 

 

 Roof strength & span 

 Roof slope 

 Amount of tephra/ash 

 Density of ash 

 Water content 

 



Ash Loading impacts 

Thin ashfall (mm-cm) 

 Nuisance value – clogged 
gutters, possible corrosion of 
roofing iron 

Medium ashfall (5 -20 cm) 

 Collapsed gutters 

 Damage to roofs, esp. large 
span 

Heavy Ashfall (> 20cm) 

 Some roof/building collapse, 
increasing amounts as load 
increases.  

 

 



Mitigation 
 Steep pitch 

 Generally >25º 

 Specific number under 
investigation 

 Regular cleaning mitigates 
accumulation 

 Gutters (divert downpipe) 

 Beware of rain and snow 
compounding weight 

 Beware of falls 

Urban design to mitigate ash impacts on built 

environment, Kagoshima, Japan (W. Saunders) 



Ash ingress into 
buildings - mitigation 

 Seal doors and windows 

 Limit to one entry point 

 Cover electronics with plastic 
sheeting/duct tape 

 Clean with damp cloth  



Air-conditioner condensers 
can be blocked by volcanic 
ash, causing failure 
Impacts depend on: 

 Air-conditioner type 

 Fan speed 

 Ash grainsize 

 

Impacts: 

 Failure of reliant electronic 
systems – e.g. 
telecommunications exchanges 

 Refrigerated warehouses 

 Domestic/commercial 
applications 

 



Ash impacts on 
transport: aviation 
 1982: BA 747 flew into ash 

cloud from Galunggung 
volcano (Indonesia) 
undetected by radar, lost 
all 4 engines, 16 min 
uncontrolled descent 
before engines restarted. 
Plane destroyed. 

 Another incident one 
month later 

 1989: KML flight in Alaska 
– similar experience 

 VAAC network set up 

http://vaac.metservice.com/


Management approach to ash hazards 
to aviation = closing airspace 
 Effective in drastically 

reducing encounters 

 Main societal disruption 
now is flight disruptions 

 2010 Eyjafjallajokull 
eruption, Iceland: 

 ~95,000 flights grounded 

 10 million passengers 
grounded 

 Costs ~ $2 billion 

 



Effects on airports 
 Cleanup biggest cost for 

airport facilities 

 Guatemala airport – 
coarse, dense basaltic 
ash wrecked new 
bitumen runway, scraped 
off markings 

 Cleanup took 5 days 

 Windblown ash may 
continue to cause 
problems 

 
Quito airport, Ecuador 



Ash impacts on roads 
 Obscures road markings 

 Reduces visibility 

 Reduces traction 

 Wind remobilisation can 
prolong effects 



Effects on vehicles 
 Abrasion of windscreens 

 Abrasion of moving 
parts 

 Blocking air filters 

 



Mitigation for ground transport 
 Check, clean and replace air and 

oil filters regularly 

 Wash windscreens, don’t wipe 

 Extra greasing and extra 
checking for wear 

 Keep roads clear 

 Consider low-visibility rules  
 E.g. one-way roads, lights on, speed 

limits etc 



Municipal cleanup 
 Prompt cleanup necessary 

to restore functionality 
quickly 

 Pre-planning vital 
 Equipment needs 
 Personnel needs 
 Dump site/stabilisation 

plan 

 Guatemala City: utilised 
earthquake debris disposal 
plan  
 Cleanup coordinated by 

municipality, initiated same 
day as ashfall 

 Cleaned 2100 km of roads 
 



 



  



Ash dump sites 
 Stabilisation of ash 

important to limit 
remobilisation 

 Binding vegetation 
useful 

 No need to use valuable 
landfill space – ash can 
be used for landscaping 
fill (eg Yakima, USA – 
sports grounds created) 

 

Ash dump site near Futaleufu, Chile, Feb 2009 

Same site, Feb 2012 



Ash impacts on electricity networks 

 Vulnerable at generation, transmission and distribution 
 

 Significant cascading failure implications 
 

 The main impacts are: 

 Supply outages from insulator flashover caused by ash 
contamination 

 Disruption of generation facilities 

 Controlled outages during tephra cleaning 

 Abrasion and corrosion of exposed equipment 

 Line breakage due to tephra loading 



 



Clean String 

Contaminated with 3mm ash 



Ruapehu 1995 

 Flashover and 
voltage 
fluctuation 

 

 Exposed 
surfaces 
coated in 
3mm of ash  

 



Vulnerability of Generation to 

Ash/Lahars 

Effects of Ruapehu 1995/96 eruptions on Rangipo power station 
 

 Eruptions deposited 7.6 million cubic metres ash into the Tongariro river catchment. 

 

 Rangipo powerplant (120 MW): intake to the underground headrace tunnel is 20 km 
from the volcano. 

 

 Continued generation through the eruption 

 

 Significant wear to the Francis turbines (x2)  

 and all auxiliary components that came in  

 contact with the water. 

 

 Equivalent of 16 years abrasion over 6 months.  

 

 



Mitigation 
 Responsive 

 Cleaning of transmission and 
distribution lines, insulators, 
yards (time consuming and 
costly) 

 Consider shutdown if 
damage feared.   

 Monitor and plan for fast 
response 

 Isolate yards (step potential) 

 Proactive  

 Development of ash-
resistant insulators 



Water supplies 
 Water shortages created by 

cleanup demand 

 Ash can cause a range of 
operational problems for 
water treatment plants 

 Effects on chemical 
composition of water 
usually negligible 
 

 

 

   

Mt Spurr eruption,1992 



Mitigation for water supplies 

 Conserve water for human 
consumption and/or provide 
alternative supplies 

 Encourage cleanup without 
water 

 Cover up exposed equipment 

 Ensure backup power 
generation 

 Anticipate increased 
maintenance  



Wastewater collection and 
treatment systems 
 Ash-induced power outages 

can cause overflows from 
sewage pumping stations 

 Ash-laden sewage will 
wreck mechanical screening 
equipment  

 May be a better decision to 
protect plant by bypassing 
raw sewage  

 Yakima, USA example – $4 
million damage to WWTP 
from ash-laden sewage 

 
 



Bariloche WWTP 
 Ash laden sewage entered 

plant  

 Some bypasses necessary 

 Coarse, static screens (no 
problems) 

 Ash has accumulated in 
the biological reactor at 
heart of system – has 
reduced capacity – very 
difficult to clean out 
without shutting down 
system 

 



Mitigation for WWTP  
 Ensure backup power 

generation  

 Prevent ash ingress into 
sewers (and stormwater 
drains)  

 Consider bypassing plant 
to protect vulnerable 
equipment 



Telecommunications and electronics 
 Perception of disruption to telecommunications during 

volcanic eruptions.   

 Modern telecommunications have not suffered significant  
transmission disruption in over 25 years from ash fall impacts  

 Indirect effects: overloading of the network by high usage 
(common following all natural disasters globally); or 
electricity disruption 

 Rapid technology change makes it difficult to robustly assess 
likely impacts 



Agricultural Impacts Overview 

Soil 

Physical 
Impacts 

Tephra 
permeability 
can influence 
soil gas and 

water 
exchange 

Cementation 
of tephra 

Radiation can 
be reflected 
lowering the 

soil 
temperature 

Can also have 
a positive 
mulching 

effect 

Chemical 
Impacts 

Increasing 
soil acidity 

Low cation 
exchange 

capacity (CEC) 
and lack of 

organic material 

Can add 
beneficial 

amounts of 
some elements 

Addition of elements from 
soluble salts coating tephra 
and continued weathering 

of the tephra 

Vegetation 

Physical 
Impacts 

Complete 
burial of the 

plant 
structure 

Overloading 
of plant 
causing 

breakages 

Photosynthesis 
prevented 

Chemical 
Impacts 

Chemical 
burns  

Possible 
uptake of any 
elements in 
the soil and 

air that could 
accumulate 

to toxic levels 
in plants 

Could cause 
damage to 
root apex 

Animal 
Health 

Physical 
Impacts 

Rumen 
blockages 

Feed and 
water sources 

become 
unpalatable 

Tooth 
abrasion 

Chemical 
Impacts 

Fluorosis from 
ingestion of 
tephra main 
risk causing: 

1. Dental lesions 
2. Porous bones 
3. Calcification 

of tendons 
4. Weight loss 



Agricultural Impacts Overview 

Soil 

Physical 
Impacts 

Tephra 
permeability 
can influence 
soil gas and 

water 
exchange 

Cementation 
of tephra 

Radiation can 
be reflected 
lowering the 

soil 
temperature 

Can also have 
a positive 
mulching 

effect 

Chemical 
Impacts 

Increasing 
soil acidity 

Low cation 
exchange 

capacity (CEC) 
and lack of 

organic material 

Can add 
beneficial 

amounts of 
some elements 

Addition of elements from 
soluble salts coating tephra 
and continued weathering 

of the tephra 

Vegetation 

Physical 
Impacts 

Complete 
burial of the 

plant 
structure 

Overloading 
of plant 
causing 

breakages 

Photosynthesis 
prevented 

Chemical 
Impacts 

Chemical 
burns  

Possible 
uptake of any 
elements in 
the soil and 

air that could 
accumulate 

to toxic levels 
in plants 

Could cause 
damage to 
root apex 

Animal 
Health 

Physical 
Impacts 

Rumen 
blockages 

Feed and 
water sources 

become 
unpalatable 

Tooth 
abrasion 

Chemical 
Impacts 

Fluorosis from 
ingestion of 
tephra main 
risk causing: 

1. Dental lesions 
2. Porous bones 
3. Calcification 

of tendons 
4. Weight loss Acid burns from tephra to 
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2006 Merapi eruption 
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Flueck, W. (2013). Effects of fluoride intoxication on teeth of livestock due 

to recent volcanic eruption in Patagonia, Argentina. Online Journal of 

Veterinary Research, 14(4), 167–176.  



Ash Impacts to Agriculture  
Continued... 

 Disruption of Critical Services: water, 
electricity, roads, etc. 

 

 Major issue for modern agricultural systems 

 Canterbury & Southland Snowstorms 

 Canterbury earthquakes 

 Canterbury windstorm 

 



What are farmers worried about? 

 

 

 



Management issues for Ag 

 

Lessons for an effective responses 

 Pre-prepared information for stakeholders 
 

 Significant demand for timely, specialised 
information (based on over 100 interviews 
around the world) 

 Where and when will ash fall?  When will it stop? 

 What will the impacts be? 

 What chemical impacts will the ash have (human, 
animal, vege, soil)? 

 How can the impacts be mitigated 
 

 Science knowledge and capacity often poorly 
integrated into emergency response 

 

 

 Volcanic ash falls are often regarded as exotic events 

(mysterious) which are rarely planned for 



Key Science Actions following an 
explosive volcanic eruption (science 
products) 

 Forecast future eruptive activity 
 Major focus of the science effort 

 
 Map ash fall out zones – thickness and other key 

properties 
 Aids in impact assessment – direct and areas which may 

remobilise 

 
 Ash fall collection and chemical analysis programme 

 Identify if ash likely to pose contamination issues 
 Water, soil, crops/pastures, animals 

 Clear and authoritative communication 
 What has been analysed 
 When results will be available 

 
 Provide advice on possible mitigation strategies 

 
Relies on Dissemination through networks farmer’s trust 

 



LIVESTOCK EVACUATION 
MODELLING 

 

• Very simplistic GIS model developed to assess 
approximate livestock evacuation time 

 

• Inglewood eruption scenario 

 

• Assumes all dairy farms impacted by 50 mm of 
ashfall require evacuation 

 

 

 

Number of dairy farms impacted by 50mm of 

tephra 

528 

Total area of dairy farms impacted by 50mm of 

tephra 

77,199 ha 

Population of dairy cows impacted by 50mm of 

tephra  

208,438 



DEVELOPMENT OF STOCK EVACUATION 
MODEL 

 

• Relies on State Highway transport network 

- Human evacuation? 

 

• Assumes evacuation must be to urban destinations not 
impacted by ashfall (<2mm) or greater than 200km from 
the volcano  

- accounts for uncertainty of future eruptions 

- no account for time to redistribute livestock from destinations 

 



MODELLED EVACUATION REQUIREMENTS 

Transport 

Availability 

Time Required 

Hours Days 

Low (20 units) 2219 92 

Medium (35 units) 1268 53 

Advanced  (50 

units) 

888 37 

Conclusion: evacuation probably not feasible – better to shelter in 

place 



Consortium of research 
organisations investigating the 
impact of volcanic ashfall to 
infrastructure 
 
Link between Geology, 
Engineering and Societal 
themes 
 

Active collaboration with:  
• University College London,  
• University of Cambridge,   
• Bonneville Power Administration,  
• USGS 



Where to go for information 
 Volcanic Ash Impacts Website 

 http://volcanoes.usgs.gov/ash/ 

 

 Agricultural Impacts 
 http://www.mpi.govt.nz/environment-natural-resources/funding-

programmes/primary-sector-recovery/volcanic-eruptions 

 

 Volcanic Health Impacts 

 http://www.ivhhn.org/ 

http://volcanoes.usgs.gov/ash/
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Final thoughts: upcoming events 
 Volcanic Impacts Study Group: POSTER LAUNCH 

 3-5pm -- 26 September 2013 

 Lower NZI Room Aotea Centre 

 

 Managing Volcanic Risk in Auckland: Auckland CDEM/DEVORA 
 8.30-3.30pm -- 27 September 2013 

 Lower NZI Room Aotea Centre 

 Brod 

 

 Volcanic Health Sessions – Taupo/Hamilton/Wellington 
 Early November 2013 

 See Carol Stewart, Graham Leonard or me for more information 

 





Case Study: 27 May 2010 eruption 
of Pacaya volcano, Guatemala 
 Pacaya volcano 30 km 

SSW of Guatemala City 
(pop. 1.1 million) 

 Lava flows to south, 
ballistic block falls up to 
4 km away to north, 
tephra fall on Guatemala 
City  

 

 

MacKenney Cone, 2006 



Cerro Chino 

 ~ 1 km from vent 

 Ballistic clasts >0.5 m 
long  
 smashed concrete 

roofs, destroyed 
vehicles and radio 
towers 

 killed a news 
reporter, injured 
approximately 30 
others  



2011 Puyehue-Cordón Caulle eruption 
 4 June – explosive eruption 

produced plume 12.2 km high 
that drifted SE 

 4-5 June – major ashfalls on 
population centres of Villa la 
Angostura, Bariloche, Jacobacci 

 Minor ashfalls across much 
larger area (including Buenos 
Aires) over following weeks and 
months 

 Widespread flight disruptions 
around southern hemisphere 
 

http://www.theatlantic.com/infocus/2011/06/chiles-puyehue-volcano-erupts/100081/


6 June 2011 

13 June 2011 

NASA Aqua satellite images 



PCC ashfall distribution, sampling sites 
and population centres visited 



Villa la Angostura 
 Tourist town of around 

20,000 
 Received >15 cm coarse 

ashfall 
 Cleanup a huge and 

continuing job 
 Small, diverse water 

supplies 
 Pumped from lake, 

filtered 
 A well 
 Stream intakes with basic 

filtration and marginal 
chlorination 



Stream fed systems 



Water supply impacts: Bariloche 
 Town of ~120,000 people 

on shores of big lake 

 Received around 3-4.5 
cm ashfall (coarser grain 
size than Jacobacci) 

 Cleanup took about a 
month and not too many 
problems since  

 Water supply comes 
from the lake (80%) 



Problems at Bariloche Water 
Treatment Plant 
 No problems with chemical 

contaminants from ash in 
lake water 

 Ash caused turbidity to 
increase; this was a big 
problem for the plant 
 Normal turbidity in lake 0.2 

to 0.4 NTU 
 After eruption: 26 NTU 

 Ash blocked sand filter beds 
and it required a greatly 
increased level of 
maintenance to clean them 

 Ash caused abrasion damage 
to pump impellers and torque 
damage to pump motors 



Cleaning sand filter beds, Bariloche 

WTP 



Vulnerabilities 

 Telephone lines – vulnerable to 
overhanging branch collapse 

 Exchanges  - air-conditioner failure & 
overheating 

 Power loss – battery backups only last a 
few hours (cell sites & rural). Urban 
exchanges usually have generator 
backups 

 Could make contacting staff problematic 
during/after ashfall 

Impacts on Telecommunications 



Ash impacts on agriculture 
 

 1)  Impact and recovery of pasture and soils 

  - coverage and abrasion 

  - breaks key soil cycles 

  - affects water holding capacity and infiltration 

  - leaching of acidic and toxic salts 
 

 2)  Impacts on water supplies 

  - many rural households rely on rainwater tanks 

  - watering troughs vulnerable as shallow  

  - ash can make springs or ponds muddy and unusable 
 

 3)  Livestock management issues 
 starvation and ingestion of ash – complications with gastrointestinal 

systems 

 physical impacts – irritation of eyes, respiratory tracts, hoofs 

 chemical impacts – fluoride toxicity 



Animal impacts: Ruapehu 1995 

• Sheep-farming area dominantly affected; deaths c. 9 days after 11/10/95 
eruption 
 

• Death rate up to 3% of ewes on most properties (plus loss of lambs), 1250 
ewes on one property alone 
 

• Effects aggravated by short pastures and low feed supply (cold early 
spring season) along with high energy demands from lactating or pregnant 
ewes 
 

• Deaths due to a combination of ketosis (from starvation) and F-intoxication 

Fluorotic 

Normal 



Soil/pasture impacts from ashfall 

• High S content 0.3-3% by weight 

• Deposited 30-1500 kg S ha-1 

• Moderate concentrations of other plant nutrients and 
trace elements; Na, K, Mg, B, Co 

• Significant Se content 

 

• Fertilising effect 

 

 

0 0.25 0.5 1 

mm of 1995 tephra 



Buried Pastures 
• Starvation of livestock 
 
 
 



Livestock Impacts 
 
 
 







Grounded aircraft 
 Best option is to fly 

aircraft out before ashfall 

 Quito airport, 1999 
eruption of Reventador 

 5 hours warning of 
ashfall but no aircrews 
available 

 Protected grounded 
aircraft with tarpaulins 
and duct tape 


