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Major contributions to the study of natural hazards have been made by human geogra

phers, or at least by geographers who note that consideration of human vulnerability 
to extreme events is the major factor influencing impacts. Some researchers have 
therefore suggested that the adjective 'natural' is inappropriate when referring to 
many hazard events, such as earthquakes in slum-housing areas and drought in the 

Sahel. Early studies of natural hazards placed too great an emphasis on the significance 
of natural events at the expense of human considerations when examining the char
acteristics of and responses to natural hazards, although a more balanced approach is 
now more common. There is also an increasing emphasis placed on the role of'tech

nological' hazards, exemplified by nuclear-reactor accidents, such as at Chernobyl, 
and toxic-vapour escapes, such as at Bhopal. While recognising the importance of 
these recent developments, the emphasis in this chapter is on a balanced presentation 

of physical and human aspects of hazards. 
The study of natural hazards is distinctly interdisciplinary. This is positive insofar 

as different approaches are brought to bear, but it leads to inconsistencies in terminol

ogy and approaches. Not only have established subjects like geology, sociology, and 
psychology developed niches within hazard study, relatively new disciplines such as 
risk management have emerged. Three traditions are evident in the development of 
hazards research: the 'natural hazards' paradigm, involving geography and some other 
disciplines; 'disaster research', particularly in disciplines such as sociology, psychology, 
and anthropology; and 'risk analysis', which has been most strongly pursued in engi

neering and related applied disciplines. Many textbooks and specialised journals have 
appeared dealing with various aspects of natural hazards, and a sample of these is 
provided in the selective bibliography at the end of this chapter. 

It should also be noted that a significant amount of hazard study involves public 
policy and has either made reference to, been sponsored by, or been carried out by gov
ernmental or related non-governmental organisations. In many cases, research of this 

type has led to changes in legislation designed to deal with hazards. This was recog
nised by the United Nations' designation of the 1990s as the International Decade for 
Natural Disaster Reduction (IDNDR). Although some of the aims of this project have 
been criticised for overemphasising the role of technological solutions to hazards prob
lems, and while global problems of other sorts have appeared to become more urgent, 
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the recognition of the seriousness of hazards at the global scale has given great impe
tus to research and applications in this area. 

Many of the developments described above have been mirrored in the growth of 

hazards studies in New Zealand. For example, the work of Ericksen (1971,1974, 1986) 
represents the beginning of the geographic natural hazards paradigm in New Zealand. 
Hazards studies have also become important within sociology, geology, geophysics, 
engineering, and psychology, involving researchers in Crown and univers ity research 

institutes and government departments. Specialised journals dealing with natural haz
ards include Tephra, published by the Ministry of Civil Defence, and the Journal of 
Trauma Studies, from Massey University. Although a little dated, the most compre
hensive publication-dealing with hazards in New Zealand is the monograph compiled 
for UNESCO by Speden and Crozier (1984) . More recent information for the South

west Pacific area has been assembled in a monograph and map by Johnson et a t. 
(1994), while other useful material appears in regular seminars and local popular 

volumes. 
Given this background, the aims of this chapter are to describe the characteristics 

of natural hazards, to examine their impact both globally and more locally with in New 
Zealand, and to outline how people and institutions have responded to natural hazards 

at these scales. 

Terminology 

Several terms must be clarified before natural hazards can be sensibly discussed 
because some of the terms have been used quite differently by different people. This is 
partly a result of the large number of disciplines pursuing different aspects of hazards, 

although even within disciplines there has often been an evolution of concepts lead
ing to changes in terminology. The most contentious term of all is undoubtedly 'haz
ard' itself, which has evolved within the geographic tradition from an emphasis on 
natural events to one in which human conditions and actions are seen as equally 
important. Although the majority of hazards researchers now accept that interaction 
between human and natural systems is a key element of natural hazards, confusion 

exists between the terms 'risk' and 'hazard'. 'Risk' varies in meaning from a narrow 
quantitative view of immediate losses, as in risk analysis, to a broader view that 
accounts for all types of impacts of hazards. However, it is possible to view risk as the 

product of the probability of occurrence of damaging natural events and the vu lnera
bility to such events. It can thus been written symbolically as (Tobin & Montz 1997): 

risk = f (probability of occurrence of a natural event, vulnerability) 

where vulnerability is the degree of loss resulting from an event of a given magnitude. 
Hazard has also been defined as partly a function of risk as expressed in (Mitchell 

1990): 

hazard = f (risk, exposure, vulnerability, response) 
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This approach includes the actions taken to deal with the adve rse effects of 

hazard events to be part of the hazard . However, many texts and journal articles view 
hazards more narrowly in relation to the natural events only, and define risk in terms 

of hazards. The UN Disaster Relief Organisation defined hazard as the 'probability of 
occurrence of a potentially damaging natural phenomenon', and spec ific risk as a 
function of hazard and vulnerability (Crozier 1988 ). In a similar manner, Dibble et at. 

( 1985 ) defined risk as: 

risk = hazard x value x vulnerability 

while Johnson et at. (1994) and Blong (1997) stated: 

risk = hazard x vulnerability 

where hazard is defined as the probability of an event of given magnitude. 
The use of the term 'hazards' has recently been avo ided by some researchers, at 

least partly because of this confusion. Alternative terms include 'perils' (Blong 1997) 
and 'risk' (Hewitt 1997). The approach taken here views 'hazard' as encompassing a 

broader concept of interaction between natural and socio-economic systems. In other 
words, the definitions of risk and hazard expressed by Tobin and Montz (1997) and 

Mitchell (1990), rather than by Dibble et at. (1985 ), Johnson et at. (1994), and Blong 
(1997), are accepted, except that vulnerability need not be included. This provides 

the fo llowing definition: 

hazard = f(risk, exposure, response) 

Because these definitions deal with potential or conceptualised conditions, any 
discussion of the specific natural events-for example, floods or landslides-should 
refer to these phenomena as 'hazard events'. There is some justification for a distinc
t ion between hazard events and agents, as discussed later. The realisation of a hazard is 
referred to by a range of terms depending on the scale of the impact. The most com
mon term used in this context is 'disaster', which is characterised by a collapse of 

social fabric and its safety measures. Arb itrary operational definitions involve fatali
ties, injuries , or financial cost. For example, Sheehan and Hewitt (1969) used 100 
deaths, 100 injuries or $1 million damages as a threshold , while Glickman et at. 

(1992) used 25 deaths to indicate disasters and 500 deaths or $10 million damages to 
define 'catastrophes' . 

Hazard event classification 

The term 'natural' is generally taken to apply to geophysical and biological systems. 
The former may be subdivided into meteorological, hydrological, geological, and geo
morphological, while the latter may be separated into floral and faunal , as shown in 

Table 23. 1. Hazards can be class ified into single-process agents and composite events 
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Table 23 .1 

of simila r types, such as vo lcanic e rup tion s, which m ay involve ash fa ll an d lava flows, 

or b lizzards con sisting of high w inds , co ld tem pera tures, and sn owfa ll. Com pound h az

ard events con s isting of d ifferent types of agents, some possib ly techno logica l in ori

g in , sh ould a lso be con sidered . H owever, the inclusion of techno logical h azards such 

as nuclear acciden ts is beyond the scope of this text. The pos itio n of a ir pollution in 

this context , tho ugh, is less clear, as h a rmful con centration s o f po lluta nts a re fre

quently of h uman origin but can be partly attr ibuted to meteorologica l conditions 

such as inversion s, st ron g radia tion , o r poor ventila tion. 

Classification of hazard agents and events. 

Single process agents 

Geophysical hazards 
Atmospheric 

Tempel-atul-e, fog, rain 
Wind, lightning, hail 
Snowfall 
Freezing I-ain 

Hydrological 
Runoff (streams, overland) 
Snow 
Groundwater freeze-thaw 
Sea ice, icebel-gs 

Geological 
Seismicity 
Volcanoes 
Radioactivity 

Geomorphological 
Mass movement 
W ind 
Glaciel-s 
Storm waves, tides, CUITents 

Biological hazards 
Floral 

Plants (,weeds') 
Algae 

Faunal 
Viruses (e.g. measles, HI V, dengue) 
Bacteria (e.g. pneumonia) 

Insects ('pests') 
Animals ('pests') 
Compound hazards 
Low rainfall, high evaporation, reduced runoff 
High rainfall, landslides, dam breaks 
Fog, inversions, I-adiation, gas and particle emissions 

Modified from Hewitt (1997) 

Composite hazard events 

Tropical cyclones 
Rain and wind storms, tornadoes 
Blizzards 
Thunder/hailstorrns 

Floods (I-ivel-ine, coastal) 
Avalanche 
Subsidence on thaw 
Ice-infested waters 

Ground motion, rupture 
Eruptions, ejectamenta, ash fall , lava fiows 
Domestic I-adon releases 

Landslides, rock avalanches, debl-is fl ows 
Wind erosion 
Glacier advances, ice avalanches, jokhulhlaups 
Coastal erosion 

Plant infestations, 'invasions' 
'Red tide' (toxic algal blooms) 

Disease outbreaks/epidemics 

Locust plagues 
Rat, rabbit infestations 

Drought 
Flood wave 
Air po ll ution 

Hazard impact 

As previously noted, hazard impacts are genera lly considered in terms of loss of l ife 

an d finan cial losses, alth o ugh damage m ay be real ised in a number of ways. For 

instance , manifes ta tio ns of h azard impact can be listed as (Hewitt 1997 , p . 3 1) : 
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• ' loss of life, injury and impairment of persons 
• destruction of property, resources and heritage 
• disruption of activities and denial of supplies and services 

• cultural, sp iritual and ethical violations.' 
In New Zealand, at least some of these aspects are enshrined in legislation in the 

Resource Management Act (RMA) 1991, which includes reference to cu ltural, her
itage , and environmenta l values in the definition of natural hazard . At the global 
sca le, there have been several significant compilat ions of global disaster incidence. 

These include information assembled by UN Department of Humanitari an Affairs 
(Hewitt 199n data from the Red Cross (Wijkman & Timberlake 1984); from the US 
Office of Foreign Disaster Ass istance (Burton et at. 1993); surveys by the Centre for 

Research on the Epidemiology of Disasters (CRED) (Johnson et a t. 1994); as well as 
information from insurance and reinsurance companies (Blong 1997). These surveys 
are based on different definitions of what constitutes disaster and are often incomplete 

in regard to the hazard events that they encompass. For example, few of the surveys 
include drought or biological hazards such as disease epidemics. 

Estimates based on such surveys suggest that the effect on the global economy is 
at least $50 billion per year, while estimates of Ii ves lost vary widely from about 50000 

to 250000 per year. It is clear that a relatively few disasters make up the vast majority 
of fata lities. For instance, Tobin and Montz (1 997) noted that the three largest 
events over the last 50 years resulted in over 50% of all disaster deaths, while 2.3% of 

disasters account for over 80% of fatalities. From global surveys (which exclude 
drought and epidemics) it has been shown that earthquakes and tropical cyclones 
contribute to the greatest numbers of fatali t ies because they are respons ible for la rge 

death tolls per event. However, flooding is a responsible for more frequent disaster 
occurrence. Burton et a t. (1993) suggested that 40% of disasters originate in floods, 
20% in tropical cyclones, while earthquakes and drought each contribute 15% to 
global disasters. 

Many analyses of disaster data have attempted to reveal spatial patterns at a 
global scale. It has been suggested that Asia is the most affected area in absolute terms 
and in terms of deaths per disaster (Tobin & Montz 1997). However, on a death per 
capita basis (again excluding drought and epidemics), latin America, North Africa, 

and the Middle East have greater losses amounting to over 20 deaths/million/year 
compared with two deaths/million/year in North America and Europe. The contrast 
between high numbers of fatalities in less-developed countries and the very large dam

age costs in Western industrialised nations is notable. However, considering the cost 
of disasters in relation to GNP, the poorer nations are also affected economically to a 
large degree. 

It is evident by most measures that disaster incidence is increasing over time. A 
threefo ld increase in deaths, a twofold increase in deaths/disaster, and a 40% increase 
in numbers of disasters has been suggested between the 1950/60s and 1970/80s (Degg 

1992). A sixfold increase in deaths from disasters from the 1960s to the 1970s has also 
been reported (Wijkman & Timberlake 1984). There are continuing and expanding 
losses from floods, tropical cyclones , and earthquakes resulting from increasing vulner
ability, while drought-related losses were also magnified by expansion of commercial 
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agriculture and by the marginalisation and impoverishment of populous rural soci
eties. For individual countries, although fata lities have decreased over time, the 
extent of property damage has continued to increase even when allowances are made 
for inflation (Burton et al. 1993) . 

As suggested in earlier chapters, New Zealand's location on the Pacific 'ring of 
fire' of active seismic and volcanic activity, and in a climatic zone subject to vigorous 

wind and rainfall and occasional tropical cyclone occurrence, predisposes the country 
to high frequencies of potentially disastrous hazard events. Because of the small size of 
the country, comparisons with global databases need to be extended over a relatively 
long time period and should also be undertaken with considerable caution, because 

greater focus on a smaller area will undoubtedly reveal events that go unreported in 
globally based surveys. Some information of this type is presented in Table 23.2, from 
which it is clear that while information relating to fatalities arising from natural disas

ters in New Zealand is reasonably access ible, costs of disasters are much more difficult 
to specify, particularly before 1940. This may give a false impression of the tendency 

discussed above of decreased fatalities and increased property damage over time. How
ever, it is clear that there have been relatively few disastrous occurrences of earth
quakes or volcanic events in the last 45 years. There are also likely to be omissions 
from this table, for example for recent droughts, for which estimates of the total costs 

have not been made. 
Depending on whose definition is followed, New Zealand has had between about 

10 and 20 disasters in the last 150 years. The problems of overgeneralising in global 

studies is shown by the fact that Thompson (1982) indicated that there have been no 
disasters in New Zealand between 1947 and 1981 using US$2.8 million, 100 deaths or 
100 injuries as thresholds to define disaster occurrence, whereas Table 23.2 indicates 
at least nine in this period. The table also shows that in common with worldwide 

studies of disasters arising from geophysical events , those related to meteorological 
events (especially floods) are the most common, while those associated with geologi
cal phenomena cause the greatest loss of life. Comparison with the per capita fata li ties 

given above for the same time period (1945-86) indicates simi larity to 'developed 
countries' at 2 deaths/mill ion/year. For the period since 1850 the annual loss of life 

averages four per million total population. 

Hazard models and context 

A range of different models outlining the concepts and variables involved in natural 
hazards have been suggested as a means of trying to explain the nature and controls of 
these phenomena. Natural hazards can be depicted as the interaction between 

extreme events in the natural events system and some aspect of the human use system 
(agriculture and transport routes, for example), showing how hazards can be viewed as 
a negative resource (Figure 23.1). In this approach, responses form feedback loops that 

operate by attempting to modify the natural events system, or by reducing susceptibil
ity through adjustments in the human use system. In addition, bearing or sharing the 
losses that result from hazard events through means such as insurance and public relief 
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Table 23.2 Fatalities and damage estimates from significant natural events in New Zealand.* 

Year Type Location Fatalities Damage Source 
(I 998NZ$m) 

846 Landslide Lake Taupo 6 1 IDNDR Comm ( 1994) 
855 Ear-thquake Wairarapa 5 
858 Flood HuttValley 9 
863 Flood Central Otago 70 .. 
863 Snow avalanche Central Otago 40 Grayland (1957) 
877 Flood Hawke's Bay 12 IDNDR Comm (1994) 
886 Volcanic Tarawera 153 
893 Landslide King Country 14 
897 Flood Tutaekuri 10 
9 14 Volcanic White Is. II 
918 Infiuenza widespread 6700 
929 Earthquake Murchison 17 133 
931 Earthquake Napier 256 500 
938 Flood Nor-them Hawke's Bay 2 1 

1953 Lahar Tangiwai 15 1 
1957 Flood Waikato 35 Ericksen (1986) 
1968 Storm Wellington 51 160 
1969 Drought widespread 250-500 Maunder (1971 ) 
1970 Flood Nelson 94 Ericksen (1986) 
197 1 Flood New Plymouth 94 
1975 Windstorm/flood Canterbury 64 
1976 Flood/landslide Hutt Valley 60 
1978 Flood Southland/Otago 48 
1979 Landslide Abbotsford(Dunedin) 10-15 Glade and Crozier ( 1996) 
1984 Flood Southland 122 IDNDR Comm (1994) 
1986 Flood Aorangi 70 
1987 Earthquake Edgecumbe 1200 
1988 Cyclone Bola East Coast 5 280 
1988 Flood Greymouth 18 .. 
1990 Drought mainly South Island 500 Ministry of Civil Defence( 1994) 
1992 Snowstorms South Island 100 Scales ( 1994) 
1993 Flood Kaikoura 8** Sargeant (I 996) 
1994 Hailstorm Hastings 12** 

* An aruitrary threshold of 10 fatalities or $1 0 mil lion damage is used 
**Insurance only 

are also allowed for. Applications were often in public policy and frequently empha
sised the need to adopt a range of adjustments to hazard phenomena. A significant 
amount of research carried out under this approach focused on perception of hazards 
(O'Riordan 1986), and because the results were often applied to assessing how indi

viduals and institutions made choices relating to potentially hazardous situations, it is 
often referred to as the behavioural approach (Smith 1992) . However, because it 
formed the basis of much natural hazard research in the 1960s and 1970s, it has also 

been referred to as the 'dominant view', which overemphasised the role of natural 
events in hazard and the potential of technological solutions to control hazard events 
(Hewitt 1983). The dominant view has often assumed a somewhat paternalistic pos

ture, whereby industrialised Western countries would supply solutions to developing 
countries. 
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In contrast, a structural paradigm emerged, contending that disaster occurrence 
has as much to do with increased vulnerability as a result of marginalisation of poor 
people within the global economy as with the occurrence of natural events (Susman 
et al. 1983; Blaikie et al. 1994). These views are represented in Figure 23 .2, which also 

emphas ises the significance of environmental degradation and international rel ief in 
reinforc ing the plight of developing countries. It is doubtful whether th is approach 
can be applied globally, so that a more general rationale has been introduced in which 

both the impact of and response to natural hazards are strongly influenced by broader 
socio-economic contexts (Mitchell et al. 1989). Such an approach is_relevant across 
the spectrum, from droughts and famines affecting poorer countries, to events in 
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Figure 23.3 The contextual model of the natural hazard system. (Mitchell et al. 1989). 

developed nations such as the severe storm that devastated much of southeast England 

in October 1987. All components of the natural hazard system vary over time and in 
different contexts, and the four main components of physical processes, human popula
tions, adjustments, and net losses are connected by seven feedback loops (Figure 23.3). 

Attempts have been made to address some of the incongruities between the 

behavioural and structuralist models by examining the scale dependencies of these 
approaches, noting that the former were often applied at the scale of individual deci
sion-makers, while the latter were more relevant for explaining global hazard prob

lems (Palm 1990). Whatever approach is taken, institutions, managers, or developers 
often play significant roles that affect hazard outcomes. 

Physical events contributing to hazards 

The nature of hazard events can be established by using characteristic dimensions 
that, in turn, are likely to have relevance in determining appropriate responses. This 
section briefly examines these characteristic dimensions. 

Magnitude 

Magnitude is instrumental in determining hazard event impact and is often men

tioned in everyday discussion about disasters, as shown by the use of scales like the 
Richter magnitude for earthquakes, peak flood levels or discharges, maximum rainfall 
amounts, or wind speeds. Unfortunately, it is difficult to compare magnitudes from one 

type of event with another. For some hazard types, particularly those involving com
pound hazard events like drought and forest fires, a magnitude is often difficult to 
define, even though specific aspects may be defined by those directly involved (e.g. 

soil moisture deficits for drought and fire intensity for fires) . Where measures are avail
able, they often have little in common with other measures unless they are expressed 
in terms of hazard impact, which is not often the case. Nevertheless, magnitude is 

probably the most significant physical dimension of hazards because it is directly 
related to the extent of damage and loss of life, and to the capability of given responses 
to cope with the outcome. 
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Frequency 

Frequency is inversely related to magnitude but has a more complex relationship with 

hazard impact, acting through the filter of perception. Very low-frequency events, 
a lthough large in magnitude, are not we ll perceived by the general population, who do 
not recall their deta ils particularly well, and they have li ttle long-term impact because 

they occur too rarely. People are generally aware of high-frequency events and make 
appropriate responses, so that their long-term impact is also low. However, for inter

mediate frequencies with average recurrence intervals in the order of about 50 years, 
perception is variable, responses poss ibly inappropriate, and hazard impact potentia lly 
quite large. These perceptions may, however, be clouded by availabili ty of other 

adjustments and, more generally, by the context within which they occur. 

Spatial extent 

Spatial extent is partly related to magnitude for a given hazard event, but there is con
siderable variation in this re lationship between hazard types. For example, drought 
and some biological hazards resulting from the spread of disease characteristically 

affect quite large areas , wh ile others, such as hail storms and tornadoes and some geo
morphological events like landslides, are generally more restr icted in spatial extent. 
The importance of spatial extent for responses is that it may affect the capabili ty of 

soc ieties to cope with disasters. For example, widespread drought in a small country 
will negate options such as movement of stock or use of supplementary feed from else
where in the country, so that international relief is often sought. 

Spatial dispersion/concentration 

Spatia l d ispersion/concentration is closely related to spatial extent, but there are sub
tle differences that can be illustrated by comparing floods and droughts. W ithin a 
region, drought is usually ubiquitous, whereas flood impacts are generally concen
trated in relatively low-lying areas adjacent to watercourses or coastlines. For those 

hazard types like floods where the impact is concentrated, recognition of such areas 
and controlling land use there represents an appropriate response. 

Temporal spacing 

Temporal spacing is a measure of the extent to which hazard events exhibit periodic
ity, which, if known, can be allowed for in preparedness. For example, many meteoro

logical events like tornadoes and tropical cyclones have a season of high incidence 
related to the annual solar cycle. In some cases, longer cycles of occurrence can be 
demonstrated- for example, for jokulhlaups (glacier bursts), which may depend on a 

gradual accumulation of water bodies in, under, or alongs ide glaciers over several to 
tens of years. On the other hand , many hazard events, particularly those of geo logica l 
origin like earthquakes and volcanic eruptions, are generally conside~ed to be random 

in re lation to temporal spacing. 
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Speed of onset 

Speed of onset can be defined as the time elapsed between the first signs of an event 

and its peak intensity. Geological events like earthquakes and some meteorological 
events like hailstorms and tornadoes have very quick onset, whereas for other events, 
such as drought and erosion, the speed of onset is very slow and in some cases imper

ceptible. Many hazard events, such as floods, tsunamis, forest fires, and ep idemics, 
have an intermed iate speed of onset, or at least may be forecast on the basis of other 
known causative factors. This parameter has obvious implications for the use of fore

casts and warnings as a suitable response; where the speed of onset is very quick such 
measures will be of limited value. 

Responses to natural hazards 

The ways by which humans attempt to deal with natural hazards are referred to as 

responses or adjustments. They have been categorised in various ways, including: pur
poseful adjustments into accept ing the losses, reducing the losses and choos ing change 
(Burton et a1. 1993); sharing the loss (relief, insurance, etc.) and reducing the loss, 

which may be subdivided into physical event modification and human vulnerability 
modification (Smith 1992); and classification as control, manage and cannot manage 
(Tobin & Montz 1997). 

Thus the three main groups of responses can be characterised (following Kates 

1971) as modifications of: natural event systems (e.g. extreme occurrences like floods, 
earthquakes) ; human use systems (e.g. land use, transport, agriculture, etc.); and losses 
arising from hazard events. These are also referred to as allev iation, avo idance, and 

recovery (Griffiths & Ross 1997). 
Responses can also be classified by relating their initiat ion to the occurrence of 

hazard events as long-term adjustment, immediate pre-impact, impact and immediate 
post- impact (Mitchell & Ericksen 1992). 

A lthough many of these responses are event-specific, some general characteristics 
of each type can be identified. 

Modifying natural events 

Some of the responses discussed above involve attempts to influence causes of haz
ardous events , while others concentrate on effects. For example, in some environ
ments, a significant cause of flooding is rapid runoff from bare so ils, so attempts to 

improve vegetation cover constitute one approach to dealing with the problem. More 
attention has been paid to attempt ing to modify the damage aspects of hazard events, 
of which the most widespread and well known is the use of stopbanks or levees to con

tain high water flows within river channels and away from flood plains. Examples of 
other types of event modification responses are shown in Table 23.3. 

While investment of time and money on this type of response may lessen the 
impact of some hazard events, particularly those of lower magnitude, it has been 
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Table 23.3 

argued that in many circumstances such responses may actually increase damage 

resulting from high-magnitude events by encouraging development in inappropriate 
locations. In many Western industrialised countries these responses have come to be 
hea~' ily relied upon and referred to, often disparagingly, as 'technological fixes' . 

Examples of event-modification responses for selected hazards. 

Hazard event 

Flooding 
Snow avalanches 
Earthquakes 
Volcanic 
Epidemics 
Tsunami 
Forest fires 
Dr"ought 
HurTicanes, hai lstorms 

Event-modification response 

Stopbanks, channel clearance, catchment improvement 
Control of initiation by snow r"akes, reforestation, artificial release 
Injection of fluid along fault zones 
Diver"sion of lava flows with dykes 
Spraying, draining wetlands 
Sea walls 
Controlled burning, fir"e breaks 
Weather modification (e.g. cloud seeding) 
Cloud seeding to alter intensity and direction of movement 

Modifying human behaviour 

Responses of this type are either long-term measures, which generally involve some 
form of planning, enforcement of codes or education (e.g. land-use zoning; building 

standards to resist events such as earthquakes, high flood levels or avalanche impact; 
emergency preparedness planning and education), or short-term responses at the time 
of hazard events (forecasts and warnings, evacuation, search and rescue, hazard event 

fighting) . 
These responses have been variably applied. In poorer countries their application 

is often limited by unavailability of resources. For example, fatalities in earthquakes 

are generally a result of building failure, so that suitable building materials should be 
used to resist earthquake damage. In countries where structures are traditionally built 
of unreinforced masonry (e.g. adobe ), the impact of only moderate earthquakes may 

be quite severe. An earthquake of magnitude 6.9 in Armenia killed at least 25 000 
people, whereas the Loma Prieta earthquake in California, which was of a similar size, 
resulted in failure of only a few buildings (Smith 1992) . Where hazard events are 

restricted to specific zones, such as flood plains or avalanche paths, land-use zoning is 
an appropriate adjustment. However, its application is often thwarted by the fact that 
such locations have historically been favoured for agriculture, settlement, transport, 

and other uses, so that only long-term planning can bring about enough change to 
overcome inertia, assuming in the first place that suitable alternative sites are avail
able. Long-term planning is also required for the successful implementation of emer
gency measures at the time of hazard event impact. These include actions such as 

evacuat ion, provision of temporary housing, and search and rescue. In turn, their 
effectiveness is enhanced when forecasts and warnings are possible, as for events like 
floods, far-field tsunamis, tropical cyclones, wind and snowstorms, and, under some 
circumstances, volcanic eruptions. As well as access to information allowing accurate 
forecasts of damaging events to be made, successful use of this response type depends 
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on the ex istence of an appropriate dissemination and response system (White & Haas 
1975). There is li ttle value in forecasting a severe tsunami if the danger cannot be 

communicated to people at risk or, even worse, if dissemination of the warn ing results 
in inappropriate actions, such as people moving to the danger zone to view the phe

nomenon. 

Modifying losses 

The responses ava ilable for modifying losses are either planned for on a long-term 
basis in the form of hazard insurance, or at the time of disaster occurrence by short

term responses like relief, often supplied by international bodies, or by way of subsi
dies. As indicated earlier, the use of relief or international aid can have undes irab le 
long-term effects by engendering dependence on aid. Such effects have been identi

fied in relation to drought events in sub-Saharan Africa and tropical cyclones on some 
Pacific Islands. 

Insurance against damage caused by natural hazard events represents a suitab le 
adjustment in soc ieties where risk is equally spread over a large area and individual 

events normally affect small proportions of the total area at anyone time. In situations 
where a catastrophic event occurs over a large area, insurance underwriters are 
unlikely to be able to meet claims unless they have undertaken significant reinsurance 
with international companies. If the risk is unevenly spread, there is also a likelihood 

that indiv iduals or institutions in low-risk areas will not take out insurance cover, so 
that companies may be oversubscribed with bad risks. If this occurs, one option is for 

companies to offer insurance covering a range of environmental hazards. Some coun
tries, including New Zealand, have government-run agenc ies that offer natural hazard 
insurance or insurance- like schemes (O'Riordan 1974). Despite the range of insurance 
avai lable , surveys often reveal that it is underut ilised. 

Responses to natural hazards in New Zealand 

In New Zealand, responses to natural hazards have some characteristic features, and 

recent years have seen qui te rapid change in these approaches. S ince World War II , 
quite strong emphasis has been placed on loss-sharing responses , initially in relation to 

earthquake hazard . An equally strong culture of controlling flooding developed in 

some areas in the early years of European settlement, blossomed as catchment boards 
developed in the 1940s and 1950s, and has continued through to recent times . On the 
other hand, behaviour-modification approaches to hazard response have been weakly 
adopted. 

From 1944, property insured in fire policies was automatically covered for earth
quake damage by funds obta ined on a levy on the fire insurance premium and held in 
the Earthquake and War Damage Fund (EWDF) . Because the premium is not assessed 
on actuarial grounds, it is not a bona fide insurance scheme. In 1950 this coverage was 
extended to include storm, flood, and volcanic eruption, in a fund comprising 10% of 

the total monies and referred to as the Extraordinary Disaster Fund (EDF), with the 
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other 90% committed to the Earthquake Fund. In 1956 landslip cover was made avail
able on a voluntary basis, and public pressure led to automatic cover in 1970 (Hellberg 

1984). Overuse of this fund placed pressure (through transfer of funds) on the Earth
quake Fund, which would be unlikely to cover the costs of a large hazard event in a 
metropolitan area (O'Riordan 1974). The 1979 Abbotsford landslide, in which 69 
houses were lost, was followed by a wide-ranging commission of enquiry. Among its 

recommendations was one that caused flood damage to be removed from EDF cover 
on the grounds that its likelihood could be estimated from past records. The enquiry 

also recommended that land adjacent to buildings and lost to events like lands lips and 
storms be covered by the EDF. Commercially available insurance has in many cases 
been substituted for EWDF cover for flooding (Ericksen 1986). In 1993 the EWDF 

Commission became the Earthquake Commission (EQC), cover was removed for 
commercial enterprises, and the cover for residential property was restricted to 
$100,000. The EQC Act (1993) also required that the National Disaster Fund be 

managed in the interest of the stakeholders, though complaints that a ministerial 
directive requiring investment in New Zealand government stock resulting in severe 
foreign exchange losses have been raised by the commission. While the fund is now 

over $2.5 billion, and despite the purchase of catastrophe reinsurance on the world 
market, it is unlikely that liabilities could be met in a severe disaster (Middleton 
1996). The role of commercially available insurance in New Zealand has been dis
cussed by Sargeant (1996), who suggested that the insurance industry, in response to 

increasing costs of natural hazards, is likely to argue for better risk-rrianagement prac
tices and policies on the part of government and individuals. 

The emphasis on event-modification approaches has been investigated in rela

tion to flooding by Ericksen (1986), who attributed the rising toll of flood damage 
partly to the catastrophe potential engendered by this approach. He suggested that the 
presence of flood-protection works encourages inappropriate development on flood 

plains, which then leads to increased losses when the protection fails in a high
magnitude event. While these works were put in place by catchment authorities, they 
were heavily subsidised by central government agencies, particularly the National 
Water and Soil Conservation Authority. In some cases in the past, easy access to 
EWDF cover may also have exacerbated this inappropriate development (Ericksen 
197 4). While planning of land use in relation to natural hazards was allowed for under 

the Town and Country Planning Act (1953) and subsequent acts, the provisions were 
rarely used, even though work on urban land use capability assessment as a basis for 
planning was undertaken within the Ministry of Works and Development (MWD) in 

the 1970s and 1980s (e.g. Lawrence 1981). 
Development of emergency preparedness measures has followed a somewhat 

uneven and relatively recent history in New Zealand (Bligh 1972). The concept of 
civil defence, 'a community organising itself to cope with emergency situations' (New 

Zealand Law Society 1984, p. 443) is a relatively recent one, having been recognised 
in the Local Authorities Emergency Powers Act (1953), followed by the Civil 
Defence Act (1962). Civil defence plans did not become mandatory until the Act was 
revised in 1983. This revision also established a strong regional emphasis for civil 
defence, though there was still very heavy reliance on voluntary organisations. 
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Recently there have been moves towards more comprehensive emergency manage
ment using principles of risk management. 

In the 1990s significant changes have occurred in relation to inst itutional 

approaches to natural hazards in New Zealand. Much of this has resulted from the 
introduction of the Resource Management Act (1991) (RMA) , a wide-ranging piece 
of environmental legislation that replaced 15 major statutes and dozens of minor ones 

(Dickson et al. 1997). Whi le this Act was designed around the principle of sustainable 
management, it has also had significant implications for dealing with natural hazards, 
defined in the Act as 'any atmospheric or earth or water related occurrence ... the 

action of which adversely affects or may adversely affect human life, property, or other 
aspects of the environment' (Section 2, RMA 1991) . 

While there have been difficulties in app lying new procedures to hazard prob

lems, the Act has clearly led to cons ideration of a wider range of responses (Griffiths 
& Ross 1997). 

Examples of hazard event types in New Zealand 

Although many hazard event types involve combinations of physica l events (e.g. 
earthquakes and landslides), it is possible to identify the significant physical dimen

sions and appropriate responses for the main types. This last section focuses on this 
aspect in the New Zealand context. 

Floods 

As shown in Table 23.2 , flooding is the hazard event responsible for most disasters in 

modern times. This reflects a combination of factors, including the country's oceanic 
location in the mid latitudes, steep topography, and a history of development in vu l
nerable flood plain and coastal locations. Possibly because of the high incidence of 
flooding disasters worldwide, it is arguably the most studied hazard type. It has also 
been the focus of much investigation because there are high levels of use of flood-prone 
areas of a range of types for transport, agricu lture, etc., and it is a hazard type for which 

a wide range of adjustments is ava ilable as follows: 

• Modifying the event-this seems possible at least for small to moderate floods by 
such means as stop banks, dams, and reservoirs, and channel and catchment main

tenance. 

• Modifying losses-extensive use of insurance is possible because probab ilities of 
flooding can be estimated, while in other situations, subsidies and relief have 

been applied. 
• Modifying human behaviour- two main groups of responses are appropriate in 

this class. O ne group relates to forecasts and warnings, and is a imed at saving lives 
when floods occur. It can be achieved because there is usually some warning of 
flood occurrence, either from meteorological information or by telemetry of head

water flows. Suitable schemes for emergency preparedness need to be developed 
for these to be successful. The second group , land use planning and related 
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measures , is based on the fact that zones of flood impact and heights of in

undation can be determined and planned for in an attempt to reduce damage to 
property. 
Event-modification and loss-bearing responses have been too heavily relied upon 

in New Zealand to the extent that damage costs have continued to rise despite con
tinuing expenditure (Ericksen 1986). Though more comprehensive flood hazard man
agement has been adopted in recent years, in many cases earlier use of structural 
controls such as stopbanks represents a permanent commitment. 

Drought 

In contrast to flooding, drought is characterised by quite slow onset, relatively ubiqui
tous impact over sometimes extensive affected regions, and in some contexts a close 

association with other broad problems such as environmental degradation (often 
referred as desertification) and famine. As noted by many writers (e.g. Hewitt 1997), 
the extent of these problems in the modern world is due as much to intervening con

ditions such as overgrazing and overpopulation as to the effects of water shortages. 
Although the drought hazard is occasioned by relative water deficit, Hewitt (1997, p. 
86) noted that 'the dangers are almost entirely in deprivation and denial hazards for 
living things, possib ly human settlements and industries'. In New Zealand, various 

forms of water deficit occur and affect a range of activities; for example, agricultural 
deficits (e.g. Maunder 1971), urban water-supply deficits (e.g. Auckland water crises; 
Waugh et al. 1997), and hydrological deficits affecting hydro-electric power produc
tion (Waugh et al. 1997). 

Adjustments of several types are available: 

• event modification-clams and reservoirs for hydrological droughts, use of irriga
tion for agricultural drought 

• loss modification-relief, subsidies and insurance 
• human behaviour modification-seasonal migration, fa llowing (often influenced 

by intervening factors), and conservation measures (often applied in crisis situa
tions, e.g. the 1992 power crisis) 

Storms 

While storms are usually short-lived phenomena of up to a few days duration, they can 

have devastating effects. As shown in Table 23.4, they appear in various guises and 
have a range of direct and indirect impacts. Some of the latter (e.g. flooding and land
slides ) are discussed elsewhere. The greatest loss of life suffered in a storm event in 

New Zealand occurred when the inter-island ferry Wahine foundered at the entrance 
to Wellington Harbour under the onslaught of hurricane G ise lle in 1968. Monetary 
damage is difficult to estimate, although it is clear that great losses have been sus
tained in high-country snow storms, in the order of hundreds of millions of dollars, 
especially when they occur relatively late into the winter or even spring. Even rela
tively concentrated severe storms such as hailstorms have caused damage of several 

tens of millions of do llars when they affect horticultura l crops. For some of the 
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Wind 

Rainfall 

Snow 

Hailstorms 
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secondary effects of storms, such as flooding, landsliding, and snow avalanches, land

use zoning is an appropriate response. For some of the more direct effects, bui lding 
des ign may be important (e.g. for wind and snow loading), but otherwise the emphas is 
in response is usually upon weather forecasting and insurance. 

Main types of storm hazards in New Zealand. 

Storm type 

Cyclonic 

Orographically 
reinforced 
Ex-tropical cyclones 
Mid-latitude cyclones 

Impacts 

Coastal erosion 
Shipping losses 
Forest damage (esp. North Island) 
Exotic forests (South Island) 

Flooding and landsliding 

Disruption to transport 
and communications 

Stock losses 
Snow avalanches 
Losses to horticulture, crops 
Building and vehicle damage 

Geomorphological hazards 

Examples 

Wahine storm, I 968 

Nor'west storm, August 1975 

Bola 1988 
Invercargill 1984 
Christchurch 1945, 1992 

South Island high country, I 973, 1992 
Central Otago I 863 

T he geomorphological processes of erosion discussed in previous chapters are associ

ated with a range of hazard events such as landslides, coastal erosion, wind erosion, 
and fluvial eros ion. New Zealand is particularly prone to many of these hazard types 
for a number of reasons, including steep topography, relatively frequent occurrence of 

earthquakes and heavy rainstorms, and a long coastline in relat ion to the area of the 
country. There has been considerable loss of property as a result of erosion in coastal 
areas, and most urban areas with h illy terrain have suffered from landslide damage dur
ing heavy rainstorms. Many of these impacts could have been avo ided by adopting 
procedures for land-use zoning. 

Volcanic hazards 

Volcanic activity has been responsible for greater loss of life since European settlement 
of New Zealand than any other single hazard type . Volcanic activity with local 
impacts occurs every few years to decades, with regional impacts expected every few 
decades, while large-scale eruptions with effects on a national scale occur on the scale 
of several centuries (Scott et al. 1995). Describing the physical dimensions of volcanic 

hazards is complicated by the fact that differen t types of primary and secondary vol
canic hazard events exist and often exhibit different characteristics. As noted by 
Smith (1992) , these events can be classified into the types outlined in Table 23 .5. 

In glac ierised areas where volcanoes occur (e.g. Iceland), outburst floods, referred 

to as jokulhlaups, should also be considered as an important secondary phenomenon. In 
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Table 23.5: Types of volcanic hazard events. 

Primary phenomena 

Pyroclastic fiows 
Airfall tephra 
Lava fiows 
Volcanic gases 

Secondary phenomena 

Ground deformation 
Lahars 
Landslides 
Tsunamis and seiches 

some cases, such as the 1953 Tangiwai disaster, these lead to lahars-highly sediment

laden flows generally occurring within previously defined stream courses. Fortunately, 
most primary phenomena, with the exception of airfall tephra, have been restricted to 

areas immediately adjacent to active volcanoes in historical times, although as shown 
in Chapter 3, the Taupo volcano zone has been the centre of many eruptions and very 
extensive ignimbrite flows over the last 300000 years. Airfall tephra has influenced 

large areas in historic times. In 1886 the Tarawera eruption resulted in the loss of well 
over 100 lives and damage to many buildings. More recently, during the 1995 eruption 
ofMt Ruapehu, areas several hundred kilometres downwind were affected, and adjust

ment to aircraft flight paths were required. Because of the different types of impact, 
different responses are warranted. Land-use planning is appropriate for some phenom
ena such as lahars, but because of the possibility of widespread destruction from 
other events, emergency preparedness is the key response. Fortunately, for most of the 

volcanic phenomena there is usually enough time to allow early evacuation if it is 
required. 

Earthquakes 

As can be seen in Table 23 .2, the 1931 Napier earthquake was responsible for greater 

loss of life than any other single non-biological hazard event in New Zealand. How
ever, as Hatherton (1984, p. 285) noted, 'New Zealand has too high an earthquake 
hazard to be neglected yet too Iowa hazard to focus public concern on it.' Partly this 
results from the fact that no major earthquakes have occurred near a major population 
centre for nearly 70 years. This is emphasised by the rather surprising fact that 
although New Zealand has had 17 earthquakes with damage exceeding NZ$2 million 

this century, and Australia has had only eight earthquakes with damage costs greater 
than $20000 in the same period, the total cost of earthquake damage is greater in 
Australia because in 1989 an earthquake occurred near Newcastle, a city of over 

400000 people and with buildings characterised by poor earthquake resistance 
(Dowrick et a1. 1995) . 

In Chapter 2 it was shown that the moderate seismic activity that New Zealand 

experiences results from location on the boundary between the Pacific and Australian 
tectonic plates. Subduction of the Pacific Plate under the eastern and central North 
Island and subduction of the Australian Plate under Fiordland results in significant 
numbers of earthquakes in those areas. The northern part of the South Island also has 
a relatively high frequency, while Northland and eastern Southland and Otago have 
lower frequencies. Surprisingly, along the Alp ine Fault earthquake occurrence in 
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historic times has been low. Regions in the southeast of the South Island and the 

northern part of the North Island have the lowest seismicity in the country. 
As with volcanic hazards, earthquakes have a range of direct and indirect impacts. 

The direct impacts arise from severe shaking and ground rupture, while indirect effects 

include landslides, liquefaction, tsunami, and fire (often exacerbated when water 
mains are broken). At present, prediction does not seem possible, and there is very lit
tle time between the first sign of an earthquake and its peak magnitude. Severity of 

shaking, liquefaction occurrence, and landslide frequency resulting from earthquakes 
can be related to the nature of the substrate topography, and several local authorities 
have been zoned with this effect in mind. However, the main emphasis in responding 

to the earthquake hazard is on ensuring appropriate building standards, emergency 
preparedness, and insurance. The first of these requires horizontal accelerations arising 

from earthquakes to be accounted for in new building designs, and also provides for 
'retrofitting', or strengthening of old masonry buildings. Emergency preparedness is 
mainly a responsibility of territorial authorities, who are now required to produce civil 
defence plans. Several cities have prepared detailed studies of 'lifelines', the important 

aspects of infrastructure that would be threatened in natural hazard events. There is a 
small central Ministry of Civil Defence and Emergency Management, but the empha
sis is on voluntary participation. This system has not been tested by a major disaster 
but has been put into action for short periods of time (usually two or three days) for 

relatively minor events such as small earthquakes, floods, or storms. As indicated ear
lier, insurance is strongly adopted in New Zealand and includes both commercially 
available insurance and the 'quasi' insurance scheme for domestic properties funded by 

a levy on fire insurance premiums. 

Summary 

Natural hazards continue to be of major significance for human activity, both globally 
and locally. There seems little doubt that the global impact of natural hazards is 

increasing, but it is manifested in different ways in different parts of the world. In rel
atively poor countries, both loss of life and property damage have continued to 
increase in response to complex controls on vulnerability. In the developed world, 
improved forecasting, building standards, and other responses have decreased loss of 
life, but property damage continues to increase. New Zealand seems to fit into the lat

ter category. Despite the fact that we have much improved knowledge of hazardous 
events, and have adopted more appropriate ways of dealing with them, it is often diffi
cult to reverse land use decisions made in the past. Consequently, significant propor

tions of the country's infrastructure and population remain at risk. 
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