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It is over 20 years since the first edition of Environ -
mental Hazards was published. Since then, our
understanding of the environment and its hazards
has improved. The theoretical base is stronger and
more sophisticated tools for hazard monitoring
and risk mitigation have become available. The
whole field of study has matured from a relatively
small sub-discipline into a mainstream, policy-
driven area of active and relevant research. Posi -
tive outcomes have not always followed. The
financial resources and the political will required
for effective disaster reduc tion are often lacking.
Surprise remains a common reaction when the
Indian Ocean tsunami (2004), hurricane ‘Katrina’
(2005) and the Japan earth quake (2011) inflict
death and destruction in these widely separated
places. Environmental hazards pose important –
even growing – threats which are rarely capable of
simple solutions. Complex on-going processes –
globalization, climate change, population growth,
resource depletion, increasing material wealth –
influence the death and destruc tion that disaster
brings. This applies to all nations, although it is the
poorest countries, and the most disadvantaged
people, who suffer most.

Environmental Hazards strives to explain the
drivers of hazard and outline the measures that

can reduce the disaster losses. From the outset, an
account limited to ‘natural’ forces was insufficient
and technological hazards, for example, have
always been included. The scope of the book has
widened further as fresh material has claimed 
its rightful place within a dynamic framework 
of emerging research and its applications. This
new edition provides an up-to-date and bal-
anced overview by drawing on multi-disciplinary
sources. Although the structure of the book will be
familiar to existing users, the content has been
substantially re-written and expanded. There are
more case studies, now supported by full-colour
diagrams and photo graphs to illustrate real world
situations, backed up by a comprehensive updated
bibliography.

Over the years, the information highway lead -
ing to hazards and disasters has become increas -
ingly congested. It is hoped that this book will
continue to provide the reader with a useful road
map that includes signposts along the way that
encourage exploration of some of the minor
routes that lie beyond the confines of this book.

Keith Smith
Braco, Perthshire

April 2012
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This book has been written primarily to provide
an introductory text on environmental hazards for
university and college students of geography,
environmental science and related disciplines. 
It springs from my own experience in teaching
such a course over several years and my specific
inability to find a review of the field which
matches my own priorities and prejudices. I hope,
therefore, that this survey will prove useful as a
basic source for appropriate intermediate to
advanced undergraduate classes in British, North
American and Antipodean institutions of higher
education. If it encourages some students to
pursue more advanced studies, or provides a
means whereby other readers become more
informed about hazardology, either as policy
makers or citizens, then I will be well satisfied.
Without a wider appreciation of the factors
underlying the designation by the United Nations
of the 1990s as the International Decade for
Natural Disaster Reduction (IDNDR), the
important practical aims of the Decade to improve
human safety and welfare are unlikely to be
achieved.

The term ‘environmental hazards’ defies
precise definition. Not everyone, therefore, will

endorse either my choice of material or its
treatment in terms of the balance between physical
and social science concepts. In this book, the
prime focus is on rapid-onset events, from either
a natural or a technological origin, which directly
threaten human life on a community scale
through acute physical or chemical trauma. Such
events are often associated with economic losses
and some damage to ecosystems. Most disaster
impact arises from ‘natural’ hazards and is mainly
suffered by the poorest people in the world.
Within this context, my intention, as expressed in
the subtitle, has been to assess the threat posed 
by environmental hazards as a whole and to out -
line the actions which are needed to reduce the
disaster potential.

The structure of the book reflects the need to
distinguish between common principles and 
their application to individual case studies. Part I,
‘the nature of hazard’, seeks to show that, despite
their diverse origins and differential impacts,
environmental hazards create similar sorts of risks
and disaster-reducing choices for people every -
where. Here the emphasis is on the identification
and recognition of hazards, and their impact,
together with the range of mitigating adjustments

Preface to the 
first edition



that humans can make. These loss-sharing and
loss-reducing adjustments form a recurring theme
throughout the book. In Part II, ‘The experience
and reduction of hazard’, individual environ -
mental threats are considered under five main
generic headings (seismic hazards, mass move -
ment hazards, atmospheric hazards, hydrologic
hazards and technologic hazards). In this section

the concern is for the assessment of specific
hazards and the contribution which particular
mitigation strategies either have made, or may
make, to reducing the losses of life and property
from that hazard.

Keith Smith
Braco, Perthshire

July 1990
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Part One
THE NATURE
OF HAZARD

‘We have met the enemy and it is us.’

Attributed to Walter Kelly



A INTRODUCTION

In the early twenty-first century, the Earth sup -
ports a human population that is more num-
erous and – in general – is healthier and wealthier
than ever before. At the same time, there is an 
un precedented awareness of the risks that face
people and what they value. Some of this concern
is associated with the death and destruction
caused by ‘natural’ hazards like earthquakes and
floods. Other anxieties focus on the risks that
originate in the built environment, such as indus -
trial accidents and failures of technology that are
seen as ‘man-made’. In addition, there are wide -
spread fears about more elusive, still-emerging
dangers, like climate change, sea-level rise and the
loss of biodiversity.

A paradox exists between material progress
and these feelings of insecurity. This is because
economic development and environmental hazards
are rooted in the same on-going processes of
global change. As the world population grows, 
so more people are exposed to hazard. As that
population becomes more prosperous, so more
personal and corporate wealth is placed at risk. As
agriculture intensifies and urbanization spreads,

so more complex and expensive infrastructure is
exposed to damaging events. These trends towards
potential large-scale losses are underpinned by
rising levels of human consumption that impose
heavy burdens on natural assets such as land,
forests and water. Uncertainties are raised about
environmental quality, the availability of key
resources and their sustainability into the future.
Many people in the ‘less developed countries’
already experience insecure lives and livelihoods
because of poverty, weak governance and a
dependence on a degraded resource base that
makes them especially vulnerable to ‘natural’
hazards and other threats.

The power of modern communications, in -
cluding non-stop news coverage and the rise of
social networking via cell phones and the internet,
permits the rapid dissemination of information
about the latest disaster, often in graphic detail.
Despite – or perhaps because of – this constant
flow of information, it is difficult to place
individual disasters in context and make broader
assessments of risk. Is the world really becoming
a more dangerous place? If so, what are the causes?
What are the main environmental threats? What
is a disaster? Why do advanced nations still remain
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vulnerable to some natural processes? Why do
disasters kill more people in poor countries than
in rich countries? What effects do disasters have
on economic development? Why do some
disasters create much greater losses than the
physical scale of the event suggests? Is climate
change an environmental hazard? What are the
best means of reducing the impact of hazards and
disasters in the future?

Most people accept that it is impossible to live
in a totally risk-free environment. We all regularly
face some degree of risk, whether it is to life and
limb in a road accident, to our possessions from
theft or to our personal space from noise or other
types of pollution. In some cases, we adopt risks
through individual ‘life-style’ choices, such as
smoking cigarettes, overeating or participating 
in dangerous sports. Some self-imposed risks, 
like smoking tobacco or driving a car, result in 
a significant number of premature deaths and
other losses over a period of time. But these are
familiar, everyday risks with consequences dis -
persed through the whole population. They do not
create large-scale deaths and damages that are so

concentrated in time and space that they disrupt
whole communities in what is commonly per -
ceived as a ‘disaster’.

B WHAT ARE ENVIRONMENTAL
HAZARDS?

This book concentrates on the more extreme,
often rapid-onset, events that directly threaten
human life, property and other assets by means of
acute physical or chemical trauma on a relatively
large scale. Such losses follow the sudden release
of energy or materials in concentrations greatly in
excess of normal background levels. In this book,
the term environmental hazard is limited to events
originating in, and transmitted through, the
natural and built environments that lead to
human deaths, economic damage and other losses
above certain predefined thresholds of loss. In
fact, thresholds of loss are used to define disaster
(see section 1.C, page 12). Hazards and disasters
are two sides of the same coin; each merges into
the other and neither can be fully understood
from the standpoint of either physical science or
social science alone. As shown in Figure 1.1, they
are linked to wider issues like global environ -
mental change and the many interacting factors
that determine the prospects for sustainable
development in the future.

Two main types of environmental hazard can
be identified (Table 1.1).

1 Natural hazards

The most important group of hazardous events is
normally classed as ‘natural’. The United Nations
International Strategy for Disaster Reduction
(UN/ISDR, 2009) defined a natural hazard as:

any natural process or phenomenon that may
cause loss of life, injury or other health impacts,
property damage, loss of livelihoods and services,
social and economic disruption or environmental
damage.

Figure 1.1 Environmental hazards lie at the inter face between
the natural events system (extreme events) and the human use
system (technology failures). They interact with global change
and sustainable development and are also influenced by societal
responses to reduce disaster. Adapted from Ian Burton et al.,
Environment as Hazard (1978); by permission of Oxford Univer -
sity Press, Inc.



This type of description is well rooted in the
literature but fails to provide a scale of loss. It is
most suitable for hazards like earthquakes and
volcanic eruptions, where the damaging processes
are truly ‘natural’ in origin because they remain
unaffected by human actions.

However, the Earth’s surface and atmosphere
are increasingly subject to anthropogenic change.
This suggests that, although all ‘natural hazards’
are triggered by physical forces, certain events and
their outcomes may be influenced by human
actions, whether deliberate or unintended. In
other words, some types of natural hazard become
quasi-natural hazards. For example, the disaster
impact of a river flood may be inadvertently
increased by deforestation in the catchment area
or deliberately decreased by the construction of a
control dam. Where an increase in either the
frequency or severity of hazardous physical events
can be attributed to degraded land or over-
exploited resources the term socio-natural hazard
is sometimes used.

One group of hazards has a clear hybrid
identity. These are the natural-technological (‘na-
tech’) hazards that arise when extreme natural
processes lead to the failure of industrial structures
and other assets within the built environment.
Although triggered by natural forces, the main
threat often comes from pollution in the atmos -

phere or surface waters, due to accidental releases
of dangerous substances (Showalter and Myers,
1994). Examples include the radioactive pollution
arising from damage to the Fukushima nuclear
power plant (Japan) in March 2011 by the Tōhoku
earthquake and tsunami (Box 1.1). In September
2003 Italy suddenly lost over one-quarter of 
its electricity supply when storm-force winds 
in Switzerland damaged the transmission line
importing power into the country. Floods and
earthquakes destroy river dams and allow the
uncontrolled release of stored water to create
damage downstream. Sometimes na-tech flood
disasters occur in the absence of infrastructural
failure. In 1963 a landslide displaced water over
the top of the Vaiont dam in Italy and caused
many deaths, even though the dam itself remained
intact.

2 Technological hazards

The other chief subset of disaster threats comes
from the built environment and has been defined
by the UN as:

hazards originating from technological or indus -
trial conditions, including accidents, dangerous
procedures, infrastructure failures or specific
human activities, that may cause loss of life,
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Table 1.1 Major categories of environmental hazard

Natural hazards (extreme geophysical and biological events)

Geologic – earthquakes, volcanic eruptions, landslides, avalanches
Atmospheric – tropical cyclones, tornadoes, hail, ice and snow
Hydrologic – river floods, coastal floods, drought
Biologic – epidemic diseases, wildfires

Technological hazards (major accidents)

Transport accidents – air accidents, train crashes, ship wrecks
Industrial failures – explosions and fires, release of toxic or radioactive materials
Unsafe public buildings and facilities – structural collapse, fire
Hazardous materials – storage, transport, misuse of materials

Notes: Drought is a slow-onset natural hazard. Some hazards are combined na-tech events.
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Box 1.1 Tōhoku 2011: a major na-tech disaster
The Great Tōhoku earthquake in Japan is a classic example of a na-tech disaster. In this case, the ‘knock-
on’ series of events triggered by an earthquake, quickly followed by tsunami waves, caused extensive
damage to a nuclear power facility and released significant amounts of radioactive material into the
environment.

Step One On 11 March 2011, the island of Honshu, north-east Japan was struck by an earthquake 
of magnitude MW = 9.0. At the time, this was the largest instrumentally recorded earthquake ever to
hit Japan. The offshore epicentre was roughly 70 km east of the Oshika Peninsula of Tōhoku, on the
Sanriku coast, with a hypocentre 30 km below sea level. The earthquake resulted from thrust faulting
at the plate boundary between the Pacific and Indo-Australian–Fiji plates (see Figure 6.1). At this point,
the Pacific Plate is moving to the west at a rate of 83 mm yr–1. The boundary is a subduction zone where
the Pacific Plate descends beneath Japan at the Japan Trench (USGS, 2011). Since 1973, nine events
of magnitude MW = 7.0 or greater have occurred here, although no earthquake during the twentieth
century attained a magnitude of MW = 8.0 or more.

Step Two The earthquake triggered tsunami waves up to almost 40 m high in places that struck the
coast several minutes later. Some waves travelled inland for up to 10 km. The Sanriku coast has many
deep coastal bays which constrain and amplify the height of approaching tsunami waves, and similar
disasters in historic times occurred in 1611, 1854, 1896 and 1933. The coast is protected by extensive
sea walls, some 12 m high, but most were easily over-topped.

The combined death toll from the earthquake and tsunami was at least 20,000, with 14,000 homes
destroyed and 100,000 properties damaged. The Japanese Red Cross sent 230 response teams and
over 2,000 evacuation centres were set up in north-east Japan. This was the most expensive disaster
in Japanese history. Total economic damages were estimated at a record US$366 billion, with insured
property losses of US$20–30 billion. About US$4,000 billion was wiped off the Nikkei 225 stock market
index, which initially fell by over 6 per cent.

Step Three  The tsunami flooded the coastal Fukushima I nuclear power station. The plant, operated
by the Tokyo Electric Power Company, was 40 years old and produced 4,696 MW of electricity. It
comprised six boiling water reactors, designed to withstand a MW = 8.2 earthquake and 5.7 m tsunami
wave. The earthquake activated an automatic shut-down system and emergency generators started
to run the sea-water pumps used for cooling the reactors. But the entire plant, including the diesel
generator building, was struck by 14 m high tsunami waves. As a result of generator failure, four
reactors began to overheat and three ultimately suffered meltdown. Explosions caused by a build-up
of hydrogen gas in the outer containment buildings released radioactive material and levels of 400
millisieverts (mSu) were recorded at No 4 reactor. This compares with the 350 mSu criterion adopted
for evacuation at Chernobyl. A 20 km exclusion zone was declared around the Fukushima I nuclear
power station, with a 10 km zone for the Fukushima II power plant. In total, around 80,000 residents
were evacuated. Initially the incident was rated 5 on the 7-point International Nuclear Event Scale but
later it was reassessed at the highest level. This was the first Category 7 nuclear accident since the
Chernobyl disaster of 1986, indicating risks to human health and environmental contamination from
leakage of cooling water and contamination of coastal waters.



injury, illness or other health impacts, property
damage, loss of livelihoods and services, social
and economic disruption or environmental
damage.

Most threats in this category arise from human
errors which expose flaws in the design and/or the
functioning of built structures or industrial-scale
processes. Once again, the definition provides no
numerical scale of loss.

The causes of environmental hazards, whe-
ther natural or technological, are reasonably well
understood. As shown in Chapter 2, extensive
databases exist to illustrate the spatial and tem -
poral patterns of disaster. However, there is a
growing recognition that apparently localized
threats are often linked to wider-scale processes.
For example, the slope failure that produces a
landslide, or the rain-storm that produces a river
flood, may originate respectively through tectonic
and ocean–atmosphere mechanisms operating 
far beyond the mountain range or the river valley
where the impact occurs. Many physical pro-
cesses in the Earth’s crust and its atmosphere are
driven by forces that operate on hemispheric, or
even planetary, scales and deploy vast amounts 
of energy and materials. A few – like asteroid
collisions with the Earth – have the potential to
create a global catastrophe not yet experienced 
in human history. In turn, certain hazardous 

pro cesses, on both local and regional scales, are 
in fluenced by global environmental change (GEC).
Some change is due to natural variations in
climate, but human-induced modifications of 
the Earth–atmosphere system play an increas ing
role.

Global interactions and environmental chan -
ges are not necessarily hazards in themselves.
Sometimes they offer opportunities as well as
risks, but all too often they amplify the disaster
potential of existing natural and technological
threats. This situation highlights the need for a
better understanding of the worldwide coupled
human–environment system (CHES). A wider
perspective ensures that hazards and disasters are
now seen as complex issues nested within a setting
that includes global change and sustainability
issues (Figure 1.2).

Hazards and disasters can no longer be viewed
as one-off, site-specific events capable of regu -
lation by local responses alone. In some instances
the wider links and consequences are fairly clear;
for example, global warming drives sea-level 
rise, which leads to increased risks from coastal
floods. Other questions, such as the adverse effects 
of natural hazards on economic development, or 
on the future security of food and water supplies,
are less self-evident. Unlike traditional ‘natural
hazards’, many of these complex interrelation -
ships have become prominent recently and there
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Following the emergency phase, the main priority was to cool the reactors with recirculated water
to safe temperatures below 100°C. In the initial response, helicopters were used to drop limited
amounts of sea-water and, in the absence of relief generators and with the loss of electrical power on
site, radioactive steam had to be released manually. Eventually, large quantities of sea-water were
pumped ashore and by December 2011 the plant was declared to be in ‘cold shutdown’. However, water
cooling will be necessary for several years while the radioactive fuel in the reactors slowly decays. The
removal of fuel from the three most-damaged reactors is unlikely to occur within the next 10 years.
Full decommissioning of the plant would include the decontamination of an area extending to
2,000 km2, the disposal of an estimated 90,000 tonnes of contaminated sea-water and the removal of
millions of cubic metres of topsoil. This process could cost up to US$50 billion and take 40 years to
accomplish.



is a lack of historical experience and scientific
record to enable understanding. As a result, some
key issues – like the impact of climate change on
environmental hazards – remain controversial
within both scientific and political circles (see
Chapter 14).

Most environmental hazards can be placed 
on an approximate scale of causation, ranging
from entirely natural forces to examples subject 
to considerable human influence (Figure 1.3) 
As the scale moves from rarer, uncontrolled

natural events (asteroid impact, earthquake)
through more ‘quasi-natural’ hazards (landslide,
bushfire) towards more common technological-
type haz ards (transport accident, air pollution), so
disaster impacts tend to become less concentrated
within a particular community. As the extent of
human causation grows, the risk spreads and 
the public tends to be more accepting of any 
loss. Entirely voluntary life-style hazards, such 
as cigarette smoking or mountaineering, are
excluded from this book because they are wholly
man-made, self-inflicted risks. Similarly, hazards
of mass violence are excluded because crime,
warfare and terrorism are intentional harmful acts
on humans by humans. On the other hand, some
societal charac teristics do influence hazard
impacts, either directly or indirectly. For example,
certain epi demics of infectious disease are
accepted in this book because they are not only a
major cause of disaster deaths but are also related
to environ mental conditions. Factors such as
poverty, ill-health and environmental degradation
are not hazards in themselves but they have
indirect effects by amplifying human vulnerability
to hazardous events (see Chapter 3, page 52).

In summary, the chief features of environ -
mental hazards are:

• The origin of the event is clear and produces
known threats to human life or well-being (a
rain-storm produces a flood that causes death
by drowning).

• The warning time is normally short (the events
are often rapid-onset).

• Most of the direct losses, whether to life or
property, are suffered shortly after the event.

• The human exposure to hazard is largely invol -
untary, normally due to the location of people
in a hazardous area.

• The resulting disaster justifies an emergency res -
ponse, sometimes on an international human -
 i tarian scale.

• Uncertainty about, and wide variations in, loss
from year to year make risk assessment and loss
reduction difficult.
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Figure 1.2 Extreme geophysical events and severe system
failures within a framework of global change and sustainability
issues.

Figure 1.3 A generalized spectrum of environmental hazards
from physical to human causes. Risks with a high level of human
causation are more readily accepted and more diffuse in terms
of disaster impact.



Many hazardous events represent the extremes
of a statistical distribution that, in a different
context, would be regarded as a natural resource
(Kates, 1971). For example, normal river flows
are a community benefit, providing water power,
drinking supplies, amenity, etc., but very high
flows bring a flood hazard. Many beneficial uses
of water depend on river-control technology, in
the form of embankments, bridges and dams.
Water under human control in a reservoir is
perceived as a resource but, if technology fails and
the dam collapses, then a flood disaster may result.
It is important to realize that environmental haz -
ards spring neither from a vengeful God nor from
a hostile environment. Rather the environ ment is
‘neutral’. It is the human use of the environment,
both natural and man-made, which identifies re -
sources and hazards through human perception.

Human sensitivity to environmental hazards 
is determined by the physical exposure of people
and their assets to potentially damaging events
and by the degree of human vulnerability (or
resilience) to such damaging events. These factors
are dynamic, and change through space and time.
Generally speaking, exposure and vulnerability
are hazard specific in any one location, such as 
a river floodplain, but broader relationships can
be dis played in a simple matrix (Figure 1.4).
Indus trialized nations have invested heavily to
reduce exposure and vulnerability by improv-
ing environmental security. For example, Japan 
is a mountainous country with three-quarters of
the population housed on alluvial plains and 
along coasts below mean sea level. The country 
is exposed to multiple hazards – earthquakes,
tsunamis, tropical cyclones, snow-storms – but
many protective structures and safety strategies
are in place to curb disaster losses. Conversely,
poor countries with high exposures to risk find it
difficult to fund hazard protection and to reduce
exposure. The resulting high level of vulnera-
bility means that their disaster losses are dis -
proportionately high when compared with the
damage inflicted on resource-rich nations. In
particular, they suffer the adverse effects of more

frequent and less extreme events that would be
much less hazardous elsewhere.

All natural and human systems exhibit some
degree of variability, but most socio-economic
activities are geared to an expectation of ‘aver-
age’ environmental conditions. In Figure 1.5 the
cen tral yellow zone represents an acceptable, or
tolerable, range of fluctuation for any ‘element’
vital for human survival or well-being. The ele -
ment could be a natural process (rainfall) or a
technical process (chemical production). Within
this zone, the element is perceived as a benefi-
cial resource. However, when it fluctuates over a
critical threshold beyond the ‘normal’ band of
tolerance, the element becomes a hazard. Thus,
very high or very low rainfall will be deemed to
create a flood or a drought; high releases of gases
from a factory will be perceived as air pollution.
The hazard magnitude can be determined by 
the peak deviation beyond the threshold on the
vertical scale, and the hazard duration from 
the length of time the threshold is exceeded 
on the horizontal scale. The potential time-scale
of hazard duration ranges over at least seven
orders of magnitude, from the seconds or minutes
of ground-shaking experienced in earthquakes 
to drought conditions that can persist for decades.
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Figure 1.4 A matrix showing possible combinations
of phys ical exposure to hazard and human vulnera -
bility in relation to risk and security.
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The ever-changing balance between environ -
mental hazards and resources – between risks and
rewards – can be illustrated in many ways. For
example, the Mediterranean coastal area has a
high dependence on tourist revenue. Visitors are
attracted by dry, sunny summers and a warm sea.
A few volcanic sites, like Etna, Vesuvius and
Santorini, are of special scenic interest. Although
these sites pose a risk, limited volcanic activity –
expulsion of steam or minor ejections of ash –
probably adds to their tourist potential. Such
natural assets are termed ecosystem services. 
How ever, a major volcanic eruption, or even 
the prediction of one, would lead to the closure 
of the surrounding area and a collapse in local
tourist income. In the longer term, a sustained
climatic trend to hotter, more arid summers
would lead to water shortages and forest fires, and
change the perceived desirability of the area for
tourism.

Figure 1.5 Sensitivity to environmental hazard expressed as a function of annual rainfall and societal tolerance.
Within the yellow band of tolerance, variations are perceived as resources; beyond the damage thresholds they
are perceived as hazards or disasters. Adapted from K. Hewitt and I. Burton, The Hazardousness of a Place: 
A Regional Ecology of Damaging Events (University of Toronto Press, 1971). Reprinted with permission of the
publisher.

Plate 1.1 Timanfaya National Park on Lanzarote, Canary Islands,
covers 50,000 km2 of ecologically important land created by
volcanic eruptions between 1730 and 1736. Limited tourist
activity is permitted showing that economic benefits can flow
from natural hazards. (Photo: Keith Smith)



Human populations are especially at risk on
the margins of hazard tolerance, where small
physical changes create large socio-economic
impacts, like the effects of rainfall variability on
agriculture in semi-arid areas. Over a long period
of time, frequent but unpredictable low-level
variability around a critical threshold may have 
as much significance as the rare occurrence of
more extreme events. Sudden change is an integral 
part of all natural systems, but the very rarest
events may not be recognized as threats. It is often 
only when such changes are observed by humans
– and perceived as a threat – that a hazard exists.
In other words, hazards are a human inter -
pretation of events because they seem to be
extreme or rare within the lifetime experience of
individuals. Most people will be aware that floods
are a hazard; few will be aware that meteorite
strikes on Earth are a hazard, because they have
been rare in historic times.

C HAZARD, RISK AND 
DISASTER

In order of decreasing severity of impact, envir -
onmental hazards create the following threats:

• to people – death, injury, disease, mental stress
• to goods – property damage, economic loss
• to environment – loss of flora and fauna,

pollution, loss of amenity.

Threats to human life are normally given the
highest priority, followed by losses to material
assets. Most disasters are characterized by a min -
imum level of human mortality. Fatalities and
economic damages can be assessed directly by
counting deaths and monetary losses after a
disaster. In general, these two measures are the
basis for scaling hazard impacts in disaster.
Although the environment is valued by humans,
it attracts much less attention in disaster assess -
ment. At present, relatively little human mor-
tality can be explicitly linked either to episodes of
severe environmental pollution or to progressive

declines in ecosystem quality. It is also more
difficult to calculate the value of environmental
resources on conventional financial scales.

Hazard and disaster can be ranked accord-
ing to impact criteria, and the probability of a
hazardous event can be placed on a scale from zero
to certainty (0 to 1). The relationship between a
hazard and its probability can then be used to
determine the overall level of risk, as shown in
Figure 1.6. Risk is sometimes taken as synony -
mous with hazard, but risk has the additional
implication of the statistical chance of experi -
encing a particular hazard. Hazard is best viewed
as a naturally occurring, or human-induced,
process or event with the potential to create loss,
i.e. a general source of future danger. Risk is the
actual exposure of something of human value to
a hazard and is often measured as the product of
probability and loss. Thus, we may define hazard
– the cause – as:

a potential threat to humans and their wel-
fare arising from a dangerous phenomenon 
or substance that may cause loss of life, injury,
property damage and other community losses or
damage.

Then risk – the likely consequence – becomes:

the combination of the probability of a hazardous
event and its negative consequences.

The difference between hazard and risk can be
illustrated by two people crossing an ocean, one
in a large ship and the other in a rowing boat
(Okrent, 1980). The hazard (deep water and large
waves) is the same in both cases but the risk
(probability of capsize and drowning) is much
greater for the person in the rowing boat. This
analogy shows that, whilst the type of danger
posed by earthquakes – for example – may be
similar throughout the world, people in the
poorer, less developed countries are often more
vulnerable and at greater risk than those in the
richer, more developed countries. When large
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numbers of people are killed, injured or otherwise
adversely affected, the event is termed a disaster.
Unlike hazard and risk, a disaster is an actual
happening, rather than a potential threat. So 
we may broadly identify disaster – the actual
consequence – as:

a serious disruption of the functioning of a
community or a society involving widespread
human, material, economic or environmental
losses or impacts which exceed the ability of the
affected community or society to cope using its
own resources.

UN/ISDR (2009)

Environmental hazards stem from natural
events, but disasters are social phenomena that
occur when a community suffers exceptional
levels of disruption and loss. Although a hazard -
ous event can occur in an uninhabited region, risk
and disaster can exist only in areas where people

and their possessions are located. The sequence of
events leading to a disaster can be shown as:

Initiating event 
↓

Hazard threat 
↓

Community at risk 
↓

Risk level 
↓

Vulnerable assets 
↓

Disaster strike

If a community is threatened by an extreme
event, the risk may be contained or minimized in
some way, but, if people or infrastructure cannot
be protected, a disaster is the likely outcome. A
disastrous train of events can occur if humans
place unrealistic demands on the environment 
or select a technology that eventually fails, with
harmful consequences (Hohenemser et al., 1983).
Figure 1.7 illustrates a disaster sequence for
drought, with linked causal stages at the top line
and possible control stages below. If the control
measures fail, famine-related deaths are a possible
consequence. In practice, direct cause-and-effect
linkages rarely operate, and complex emergencies
develop. For example, when fires and explosions
occurred in the 1906 San Francisco earthquake,
due to the rupture of gas supply pipes, the pri-
mary hazard was strong ground shaking, the
secondary hazard was soil liquefaction and the
tertiary hazard was fire and explosion.

Given this framework, what is the risk of
disaster from environmental hazards? In general,
the profile of disaster loss portrayed in the media
is not matched by the actual incidence of deaths
or damages. Headline media reports are, by defini -
tion, non-routine and arise infrequently. For
example, although Mileti et al. (1999) found 
that natural hazards in the United States killed
about 1,250 people per year and injured a further 
5,000, only one-quarter of the fatalities and 
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Figure 1.6 Relationships between the severity of hazard,
prob ability and risk. Hazards to human life are rated more highly
than damage to economic assets or the environment. After P.G.
Moore, The Business of Risk (1983). © Cambridge University
Press 1983, reproduced with permission.



half the injuries resulted from major disasters.
Most deaths stemmed from small, frequent 
events (light ning strikes, car crashes in fog and
local landslides). In Italy, with a landslide risk
second only to Japan’s amongst the industrialized
nations, the death rate from road accidents is over
200 times that from landslides but still remains
low for the population as a whole (Guzzetti, 2000).
According to Fritzsche (1992), a mere 0.01 per cent
of the US population has died from natural disas -
ters. Similarly, although natural hazards in the
USA regularly damage public facilities like roads,
water systems and buildings, the losses are only 
0.5 per cent of the capital value of the nation’s
infrastructure. Average disaster relief costs are less
than 1 per cent of the total federal budget (Burby
et al., 1991).

As noted by Sagan (1984), deaths and injuries
from disasters are often reported as safety issues,
especially in the developed countries, where there
is a strong risk-averse culture. These accidental
deaths are perceived differently from chronic
human illnesses, which are viewed as on-going
health issues. In the more developed countries
(MDCs), average mortality from all causes is
strongly dependent on age. The death rate tends
to be high during the first few years of life but 
soon drops sharply. It then rises steadily until, at

age 70 and beyond, it exceeds infant mortality.
This pattern reflects the importance of lifestyle
factors and degenerative diseases in the western
world, where some 90 per cent of all deaths are due
to heart disease, cancers and respiratory ailments.
Tobacco consumption is a major factor; world -
wide about 3 million people die prematurely each
year through smoking.

Accidental deaths from all causes rarely
constitute more than 3 per cent of mortality in the
MDCs. The situation in less developed countries
is rather different, where the per capita risk of a
disaster-related death has been estimated to be
between 4 and 12 times greater than in the indus -
trialized countries. Strömberg (2007) estimated
that the one-third of the world’s population living
in low-income countries suffers almost two-thirds
of all disaster-related deaths. Table 1.2 shows 
the large disparity in mortality rates due to differ-
ences in national wealth and type of government
between high- and low-income countries when
the countries are standardized for population size
and exposure to disaster. Once again, environ -
mental hazards are not the only cause, given the
greater presence of risks like disease epidemics
and armed conflicts in the LDCs.

In summary, the cumulative losses from
‘headline disasters’ are relatively low in relation to
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Figure 1.7 Schematic evolution of a drought disaster. The sequence of events is shown at the top of each box and 
the disaster consequences are shown in the lower segments. Six potential intervention stages, designed to reduce
disaster, are linked to pathways between the hazard steps by vertical arrows. After Hohenemser et al. (1983). Reproduced
from C. Hohenemser et al., The nature of technological hazard. Science 220: 378–84 (1983). Reprinted with permission
from AAAS.
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other causes of premature death and damage,
especially in the MDCs. Disasters and accidental
losses are newsworthy because the impacts are
highly concentrated in space and time and often
provide striking photographs and television foot -
age. Some media influences on disaster reporting
are discussed in Chapter 2.

D EARLIER PERSPECTIVES

Our understanding of hazards and disasters has
changed through history. A concern for earth -
quake and famine began in the earliest times
(Covello and Mumpower, 1985). Great catas -
trophes were seen then as ‘acts of God’ – a divine
punishment for moral misbehaviour – rather than
as a consequence of human use of hazard-prone
land. This view encouraged an acceptance of dis -
asters as external, inevitable events. Eventually, 
as in the case of frequently flooded land, com -
munities learned to avoid the most dangerous
sites. Later still, organized attempts were made to
limit the damaging effects of natural hazards, an
approach that led to the development of the four
hazard paradigms recognized in Table 1.3.

The engineering paradigm originated with the
first river dams constructed in the Middle East
over 4,000 years ago, whilst attempts to defend
buildings against earthquakes date back at least
2,000 years. This approach is based on ‘hardening’
built structures to withstand most hazard stresses
and evacuating people from harm by emergency

action. The growth of the earth sciences and civil
engineering practices over the following centuries
led to increasingly effective structural responses
designed to control the damaging effects of certain
physical processes. By the end of the nineteenth
century new measures, like weather forecasting
and severe storm warnings, could also be used. It
is largely undertaken with the aid of science-based
government agencies and remains a necessary and
important strategy today.

Before the mid-twentieth century, there was
limited understanding of the interactions between
environmental hazards and people. The behav -
ioural paradigm originated with an American
geographer, Gilbert White (1936, 1945). He saw
that natural hazards are not purely geophysical
phenomena outside of society but are linked to
societal decisions to settle and develop hazard-
prone land, often for economic motives. White
was critical of the undue reliance placed on en -
gineered structures to control floods and other
hazards in the USA and introduced the social
perspective of human ecology. This interpret-
ation stems from earlier work in the 1920s, 
not ably by Harlan H. Barrows, who applied con-
cepts from ecology – such as interconnectivity, 
spatial organization and system behaviour – to
the functioning of human communities. The basic
idea was that the interactive nature of human–
environment relations defines the well-being 
of both. In other words, human ecology links 
the physical and social sciences to provide a more

Table 1.2 Disaster-related deaths in high- and low-income countries 1980–2004

Country category Number of Average Exposed Killed in GDP per Democracy

disasters population population disasters capita index

(million) (million)

High-income 1,476 828 440 75,425 23,021 9.5

Low-income 1,533 869 496 907,810 1,345 3.2

Source: D. Strömberg (2007) Natural disasters, economic development and humanitarian aid. Journal of Economic
Perspectives 21: 199–222. Reproduced with permission.

Notes: Exposed population – the population share in each country that lives in areas in the top three deciles of risk exposure
to volcanic activity, earthquake, floods, landslides or drought multiplied by the population in the country and summed
over the countries in that income group.



balanced approach to resolving the conflicts that
arise between human needs and the sustainability
of the environment.

Gilbert White was the first person to question
whether truly ‘natural’ hazards exist at all. He
proposed that, instead of attempting to control
nature’s extreme events – like floods – people
should adapt their behaviour to the uncertainties
raised by the magnitude and frequency of physical
processes. Although revolutionary at the time, this
view led to a blended approach. Engineers con -
tinued to build to standards designed to with-
stand natural forces and scientists introduced
other technocratic advances, for example in haz -
ard monitoring and warning schemes. Simultan -
eously, social scientists explored how disasters
might be reduced through human adjustments,
such as insurance and better land planning. 
This combined hazards-based viewpoint became
widely accepted and was summarized in several
books from the North American research school
(White, 1974; Burton, Kates and White, 1978, rev.
1993).

The development paradigm emerged during the
1970s as a more theoretical and radical alternative
(Box 1.2). It drew on experience in the less indus -
trialized parts of the world, where natural disasters
create more severe impacts, including large losses
of life. Answers were sought in the longer-term,
root causes of disasters and the research focus
shifted from hazards to a disasters-based view -
point and from the MDCs to the LDCs. The link
between under-development and disasters was
scrutinized, and it was concluded that eco nomic
dependency increased both the frequency and 
the impact of natural hazards. Human vulnera -
bility – a feature of the poorest and the most dis -
advantaged people in the world – became an
important concept for understanding disaster
impacts (Blaikie et al., 1994; Wisner et al., 2004).

In the late twentieth century, these two con -
trasting views were still evident (Mileti et al.,
1995). Physical scientists, including civil engin-
eers and meteorologists, were associated with 
the agent-specific, hazard-based behavioural 
para digm using technical solutions plus some
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Table 1.3 The evolution of environmental hazard paradigms

Period Paradigm name Main issues Main responses

Pre-1950 Engineering What are the physical causes for the Scientific weather forecasting and large 
magnitude and frequency of natural structures designed and built to defend 
hazards at certain sites and how can against natural hazards, especially those 
protection be provided against them? of hydro-meteorological origin.

1950–70 Behavioural Why do natural hazards create deaths Improved short-term warning and 
and economic damage in the MDCs and better longer-term land planning so that 
how can changes in human behaviour humans can adapt and avoid sites 
minimize risk? prone to natural hazards.

1970–90 Development Why do people in the LDCs suffer so Greater awareness of human 
severely in natural disasters and what vulnerability to disaster and an 
are the historical and current socio- understanding of how low economic 
economic causes of this situation? development and dependency 

contribute to disaster.

1990– Complexity How can disaster impacts be reduced Emphasis on the complicated 
in a sustainable way in the future, interactions between natural and 
especially for the poorest people in an human systems, leading to 
unequal and rapidly changing world? improvement in the long-term 

management of hazards according to 
local needs.
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Box 1.2 The twentieth-century paradigm debate
Environmental hazards are open to many interpretations. In the past, divisions arose between the more
technology-based behavioural paradigm, adopted by many government bodies, and the more
theoretical development paradigm, favoured by some social scientists.

The behavioural paradigm

Engineering responses to environmental hazards go back a long way but modern approaches began
in the USA. Following the 1936 Flood Control Act, the US Army Corps of Engineers constructed major
flood-control works (dams and levees) throughout the country. This strategy appeared rational during
the 1930s and 1940s, due to growing confidence in the relevant scientific fields (meteorology,
hydrology), political demands for greater development of natural resources and the availability of
capital for public works.

Gilbert White was at first a lone voice in arguing that flood control works should be integrated with
non-structural methods, like land use planning, to produce more comprehensive floodplain
management. His view recognized the role played by human behaviour in creating hazards. Urban
development of flood-prone land was attributed to ‘behavioural’ or cultural faults, including a mis -
perception – by developers and home-owners alike – of the risk/reward balance that exists when
hazardous land is occupied for economic gain. Within the developing countries, other forms of
behaviour, such as deforestation or the over-grazing of land, were considered irrational and thought
to contribute to disaster. The universal purpose of disaster reduction was to prevent these temporary
disruptions to ‘normal’ life.

Although White’s ideas gained some attention, ‘technical fix’ solutions dominated. It was believed
that, in the fullness of time, the transfer of technology from the developed to the developing world, as
part of an overall modernization process, would solve its problems too. Many centralized organizations
were created because only government-backed bodies had the financial resources and expertise
needed to apply science and engineering on the required scale. The United Nations, in particular,
sprouted a number of agencies responsible for international disaster mitigation at this time.

According to Hewitt (1983), the behavioural paradigm had three thrusts:

• Despite some acknowledgement of the role of human behaviour in the occupation of hazard-prone
land, the prime aim was to contain nature through engineering works, such as flood embankments
and earthquake-proofed buildings, allied with land use controls.

• Other measures included field monitoring and the scientific explanation and statistical assessment
of geophysical processes. Modelling and prediction of damaging events followed the introduction
of advanced technical tools, e.g. remote sensing and telemetry.

• Priority was given to strengthening bureaucracy for disaster planning and emergency responses,
mostly operated by the armed forces. The notion that only a military-style organization could
function in a disaster area was attractive to governments because it emphasized the authority of
the state when re-imposing order.

This paradigm has a cultural emphasis but also contains practical methods for loss reduction. It
remains important but has been described as an essentially Western interpretation of disaster. Critics
see this approach as materialistic, reflecting undue faith in technology and capitalism leading to ‘quick
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fix’ remedies. It has also been faulted for overemphasizing the role of individual choice, against the
power of financial bodies and other institutions, in hazard-related decisions; for neglecting
environmental quality, for example in the construction of control schemes and the drainage of wetlands
as a flood reduction measure, and for down-playing human vulnerability in disasters.

The development paradigm

This philosophy emerged due to slow progress in reducing disaster losses in poorer countries. It
originated with social scientists who believed that disasters in the Third World arise principally from
the workings of the global economy and the marginalization of disadvantaged people. Extreme natural
events were seen as ‘triggers’ of deeply rooted and long-standing problems, especially poverty. This
more radical interpretation of disaster proposes fundamental change in economic, social and political
systems. Contrary to the behavioural paradigm, it dwells on the long-term common features of disaster
and stresses the limits to individual actions imposed by powerful financial and political interests.

The development paradigm was ably summarized in the work of Wisner et al. (2004), who envisage
disasters as the outcome of a direct clash between the socio-economic processes that create human
vulnerability and the natural processes that create geophysical hazards. There are several key points:

• Disasters are caused largely by human exploitation rather than by natural or technological
processes. Macro-scale root causes of vulnerability lie in the economic and political systems that
exercise power and influence, both nationally and globally, and result in marginalizing poor people.

• On-going pressures, such as chronic malnutrition, disease and armed conflict, channel the most
vulnerable people into unsafe environments, such as flimsy housing, steep slopes or flood-prone
areas, either as a rural proletariat (dispossessed of land) or as an urban proletariat (forced into shanty
towns). Effective local responses to hazards are limited by a lack of resources at all levels.

• ‘Normality’ in the Western sense is an illusion. Frequent disaster strikes are characteristic, rather
than unusual, and reinforce socio-economic inequalities. Disaster reduction in poor countries
depends on fundamental changes and a re-distribution of wealth and power. Modernization – relying
on imported technology and ‘quick fix’ measures – is inappropriate. Instead, self-help using
traditional knowledge and locally negotiated responses is seen as a better way forward.

In summary, the development view is based on the theory that disasters spring from under-
development arising from political dependency and unequal trading arrangements between rich and
poor nations. The poorest sections of society are forced to over-use the land and other resources, so
that this behaviour cannot be regarded as ‘irrational’. Specifically, rural over-population, landlessness
and migration to unplanned, hazard-prone cities are the inevitable outcomes of capitalism, which is
the root cause of environmental disaster.

In the immediate future, the political economy of the world is unlikely to change sufficiently in ways
favoured by the development lobby. However, the paradigm has been helpful in refining some key
concepts, such as the importance of poverty and vulnerability amongst disadvantaged people
everywhere. Geophysical processes are not the sole contributor to disaster impact, any more than
humanitarian aid is a permanent solution to deep-seated socio-economic problems in poor countries.
A better understanding of socio-economic conditions is clearly needed and human vulnerability
analysis and mapping is now routinely undertaken alongside geophysical risk assessments when
planning for disaster reduction.
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adapta tion measures derived from human 
ecol ogy. In contrast, social scientists, such as
sociolo gists and anthropologists, drew on the
develop ment para digm and adopted a cross-
hazard, disaster-based view that stressed failings
within political and social systems, together with
the need to improve the efficiency of human
responses to all types of mass emergency
(Quarantelli, 1998).

McEntire (2004) argued that, whilst the
behavioural and development paradigms enriched
the study of hazard and disaster, each approach
has crucial shortcomings. He made a case for a
broader, more integrated view that sees disaster 
as the outcome of complicated interactions
between many variables – physical, technological,
social and institutional. Similarly, Dynes (2004)
called for a vision that broadens beyond the
Western focus on the rapid-onset hazards threat -
ening largely urban communities to embrace
modern-day threats that range from the multi-
layered emergencies afflicting the rural poor in the
LDCs to the disasters that still occur in the richest
mega-cities of the MDCs.

E CURRENT VIEWS: THE
COMPLEXITY PARADIGM

The need for a new paradigm can be illustrated 
by a tale of two hurricanes (Petley, 2009). On 
28 October 1998, hurricane ‘Mitch’ made landfall
on the coast of Honduras as a Category 5 storm –
the strongest category of tropical cyclone. Over the
next three days it crossed Honduras, Nicaragua
and Guatemala, creating much destruction in
Central America (Figure 1.8a). By 2 November 
at least 11,000 people had been killed and a similar
number were missing. Most deaths resulted from
mudslides and flash floods which caused eco -
nomic damage, estimated at over US $5 billion, 
in areas that were already poor. Nine years later,
on 2 September 2007, hurricane ‘Felix’, another
Category 5 storm, made landfall on the border
between Honduras and Nicaragua at almost 
the same location as ‘Mitch’ (Figure 1.8b). It also

tracked across Honduras, Nicaragua and Guate -
mala, bringing strong winds and intense rainfall.
But this time, the losses were far fewer. The
estimated number of fatalities was 135, less than
one per cent of the deaths in hurricane ‘Mitch’,
whilst the economic damage was a fraction of that
previously recorded.

The two storms had a similar size and intensity,
and followed similar tracks, but had different
impacts. Why should this be so? A behaviourally
based answer would stress the forces of nature:

Figure 1.8 The track of two Category-5 hurricanes
across Central America. Upper map shows hurricane
‘Mitch’ in October–November 1998; lower map
shows hurricane ‘Felix’ in September 2007. After
Petley (2009).



perhaps the intensity and duration of rainfall 
was much greater for hurricane ‘Mitch’ than for
‘Felix’. This is possible because hurricanes are
graded according to maximum wind speeds rather
than rainfall, the characteristics of which were
responsible for most of the losses in ‘Mitch’. 
A development-based response would stress the
vulnerability of the local population. For example,
after hurricane ‘Mitch’, new disaster reduction
measures were implemented – relocation of
people away from the most dangerous areas, plus
improved emergency planning – that would have
reduced the impact of ‘Felix’ to some extent.

Hazard researchers and disaster managers have
now merged the natural and social sciences in a
more even-handed way. The complexity paradigm
– termed sustainable hazard mitigation by Mileti
and Myers (1997) – looks beyond local, short-
term loss reduction in order to mesh disaster
reduction with a realistic development agenda
that secures a more sustainable future. A new haz -
ard paradigm does not imply a complete rejec tion
of previous ideas but represents a shift in em -
phasis. Most successful paradigms capture best
practice from the past and absorb that experi-
ence into a fresh approach. The focus here has
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Multispectral colourized satellite image of hurricane ‘Mitch’ at 20.28 UTC on 26 October 1998. This Category 5
Atlantic storm, one of the deadliest on record, produced winds of 155 knots around the low pressure centre.
(Photo: NCDC/NOAA)



shifted from preparedness and emergency res -
ponse to wards mitigation that includes long-term
recovery and improvement, as well as societal
issues like vulnerability and resilience (Wenger,
2006). But previous strategies remain relevant. It
is diffi cult to envisage a world in which well-
designed engin eering works, good land planning
and effective humanitarian aid play no part in
disaster reduction.

The complexity approach embeds hazards and
disasters within global issues like climate change
and sustainability (see Chapter 3). Humans are 
not simply the victims of hazards; they them-
selves contribute to hazardous processes and to
disaster outcomes. Human actions over-exploit
and de grade natural resources through pro-
cesses like deforestation and global warming that,
in turn, amplify the risk from natural hazards like
river floods and sea-level rise. The exact rela -
tionships between ‘traditional disasters’ and
‘complex emergencies’ – and between these
disasters and the forces of global environmental
change – are presently unclear. This is because we
are only just starting to understand the extent of
human domination of the Earth’s ecosystems 
and the extent to which this influences the vul-
ner ability of societies to extreme events (Messerli
et al., 2000).

Chronic uncertainty fuels the fear of catas -
trophic threats of global significance. For example,
the terrorist attack of 11 September 2001 in New
York City was (until hurricane ‘Katrina’) the most
costly disaster in US history, releasing at least
US$20 billion for aid and anti-terror measures. 
It brought hazards of mass violence to the fore 
and led to the US concept of ‘homeland security’.
It also alerted the insurance industry to the threat
from other ‘super’ hazards. Future disasters are
expected to be larger in scale than in the past, 
due to the growing complexity of human society
and the concentration of people in urban areas.
Mega-disasters, capable of cutting across regional
boundaries and existing socio-economic systems,
have to be considered. These include threats like
disease pandemics and the collision of meteorites

with settled parts of planet Earth. Some threats 
– like climate change – are already global in 
scope.

F THE ORGANIZATIONAL
CONTEXT

Policy makers have become increasingly aware 
of the globalization of hazards and disasters. The
United Nations is responsible for creating an
international framework for disaster reduction.
The process began in 1990 with the International
Decade for Natural Disaster Reduction (IDNDR),
a programme driven by concerns that disaster
losses threatened the sustainability of future
population growth and wealth creation, especially
in the developing countries. This was followed 
in 1994 by the mid-term World Conference on
Natural Disaster Reduction, held in Yokohama,
Japan. That conference highlighted some policy
failings, including an excessive emphasis on 
scientific solutions, reliance on the transfer of
hazard-mitigating technologies to poorer coun -
tries and a relative neglect of the social, economic
and political dimensions of disaster. In effect, the
Yokohama conference became the first global
forum to recognize the significant contribution
that human vulnerability makes to disaster losses.

More recently, parallel efforts have reflected
concern about climate change. The United Nations
Framework Convention on Climate Change
(UNFCCC) is an international treaty, established
in 1992, designed to stabilize greenhouse gas
concentrations in the atmosphere at a level that
protects the climate system for present and future
generations. In particular the treaty encouraged
the MDCs to help poorer countries adapt to the
adverse effects of climate change. In 1997 the
Kyoto Protocol was adopted. This Protocol came
into force in February 2005 and placed a legal
requirement on developed countries to reduce
greenhouse gas emissions by at least 5 per cent of
the combined emissions recorded in 1990 during
the period 2008 to 2012. Yet another disaster-
related initiative was the Millennium Declaration
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of September 2000, an ambitious agenda which
formalized 18 Millennium Development Goals 
set out by world leaders for reducing poverty and
improving lives. All these initiatives drew atten -
tion to the links between poverty and disasters.
They highlight the concern that environmental
hazards have the capability to undermine the
Millennium Development Goals and that disaster
risk reduction has a key role to play in encouraging
sustainable development for the future.

In 2000, as a policy follow-up to the IDNDR,
the UN member states adopted the International
Strategy for Disaster Reduction (ISDR) as the prime
mechanism for raising political efforts to reduce
natural and man-made disasters (UN/ISDR,
2004). The mandate of ISDR is to act as the focal
point within the UN system for the coordina-
tion of disaster reduction and to ensure that
disaster reduction becomes integral to all sustain -
able development, environmental protection 
and humanitarian policies. In effect, the ISDR
consists of a wide array of partnerships compris-
ing govern ments, intergovernmental and non-
gov ern mental organizations, financial institu -
tions, scientific and technical bodies as well as the
private sector and civil society. The ISDR secre -
tariat is based in Geneva, with a liaison office in
New York. It operates through a network of five
regional offices in Bangkok, Cairo, Brussels,
Nairobi and Panama, with related functions
located in Dushanbe, Suva, Bonn and Kobe.

Further developments took place at the Hyogo
World Conference on Disaster Reduction held at
Kobe, Japan, during 2005. This meeting produced
the Hyogo Framework for Action (HFA), adopted
by 168 countries for actions during 2005–15. 
Once again, the need to build communities more
resilient to disaster in order to achieve sustainable
development in the future is acknowledged.
Specifically, the HFA aims to:

• ensure that disaster risk reduction is a national
and local priority supported by strong institu -
tions

• identify, assess and monitor disaster risks and
enhance the provision of early warning

• increase capacity, knowledge and innovation
to build a culture of safety and hazard resilience
at all levels

• integrate all disaster reduction measures –
preparedness, mitigation and programmes to
lower vulnerability – into sustainable develop -
ment policies

• add risk reduction into the design and imple -
mentation of disaster emergency response,
recovery and reconstruction programmes.

The HFA document encourages a collaborative
strategy that includes national governments,
regional bodies and local communities. Unlike
the Kyoto Protocol, it has no legal status. It would
be tempting to conclude that disaster risks are
different from, and are treated less seriously than,
the adverse effects of climate change. This would
be wrong. Previously, responses to disaster have
been viewed as short-term emergency actions,
whilst climate change has been seen as a slow-
onset, multi-generational problem. In truth,
Disaster Risk Reduction and Climate Change
Adaptation share mutual goals that can often be
achieved by similar means. They need solutions
now. It is important that this complementarity is
recognized so that synergies can be harnessed to
reduce environmental risks from all sources in a
more comprehensive and sustainable manner for
the future.
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A INTRODUCTION

In the 30 years between 1974 and 2003, more than
2 million people were killed in over 6,350 ‘natural’
disasters worldwide (Guha-Sapir et al., 2004). In
addition, 5.1 billion individuals were directly
affected by these events, including 182 million
people left homeless; economic costs were esti -
mated at US$1.4 trillion. These are significant
losses, but all disaster data should be interpreted
with care. The records are difficult to assemble.
Disaster impacts, trends and patterns are complex
and often controversial. This is especially so when
policy-related questions are raised about apparent
increases in the frequency and/or magnitude of
extreme geophysical events and the adverse
societal consequences.

Most disaster losses are due to a small number
of very high-magnitude events. Taking a long-
term view, Table 2.1 lists all recorded disasters
since AD 1000 that claimed at least 100,000 lives.
Four hazard types were involved – earthquakes,
tropical cyclones, floods and droughts – and were
responsible for over 20 million deaths. The list 
is notable for the frequent appearance of Asian
countries. Indeed, over 70 per cent of these

disasters were located in Asia, with almost 40 
per cent in China alone. This reflects the geo -
graphical size of Asia, the high proportion of the
world’s population living there, the length of
written records available for China and – not least
– the hazardous nature of the physical environ -
ment. Famine is excluded from Table 2.1 although
it is often linked with drought. Both drought and
famine can last for several years. For example, in
1932–33, 7 million people died from famine in the
Soviet Union, and between 1959 and 1962, 29
million people died from famine in China.

It is vital to compile reliable disaster data in
order to identify time trends and spatial patterns
that will inform policy making. Problems start
with a lack of standardized methods for data
collection in the field and inconsistencies in
defining and assessing key impacts. Even if the
organization responsible for archiving the data
adopts clear and consistent definitions, and uses
transparent methods for processing the informa -
tion, the original suppliers of the information may
not have done so (Guha-Sapir and Below, 2006).
An absence of agreed methodologies can lead to
misunderstanding and undermine confidence in
the information.

CHAPTER TWO

Dimensions of disaster 2



B DEFINING DISASTER

1 Recording disaster

It is easy to see that the events in Table 2.1 were
important, but there is no internationally agreed
definition of what constitutes a ‘disaster’. The
most obvious feature is that the losses have to be
sufficiently large to disrupt the functioning of 
a community beyond its ability to cope. But
quantifying the precise impact thresholds neces -
sary for such disruption – whether for fatalities,
economic damage or other losses – is a challenging
task. Loss of human life is usually the prime
indicator. This may seem to be a readily available
statistic, but it may not be so in countries lacking
detailed population data. Information on other
human impacts such as personal injury, disease
and homelessness is more difficult to obtain, 
even in well-governed nations. In the absence of
standardized methods of survey and assessment,
the collection of robust information on property
damage and less direct economic losses is also
unlikely.

Many disasters are compound events and
create instant problems of classification. To avoid
double counting of impacts, each loss category,
such as deaths or damages, should be recorded
once only and allocated to a specific cause, but
practical problems arise. For example, when an
earthquake triggers a landslide, should deaths be
attributed to the earthquake (the trigger event) or
the landslide (the direct cause)? Will deaths
occurring days or weeks later from injuries
sustained in the landslide be recorded? Generally
speaking, when recording mass fatalities, the
initial trigger is named. This means that the effects
of ‘secondary’ hazards, such as landslides, are
under-estimated (see Chapter 8). For long-
duration disasters, such as drought, there may be
doubts about the exact date of the event. The
precise location of a disaster can also be difficult
to identify, especially for events (like floods and
droughts) that cross administrative boundaries.
As a result, Peduzzi et al. (2005) linked an
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Table 2.1 Disasters responsible for at least 100,000
deaths recorded since AD 1000

Year Country Type of 

disaster Fatalities

1931 China Flood 3,700,000
1928 China Drought 3,000,000
1971 Soviet Union Epidemic 2,500,000
1920 India Epidemic 2,000,000
1909 China Epidemic 1,500,000
1942 India Drought 1,500,000
1921 Soviet Union Drought 1,200,000
1887 China Flood 900,000
1556 China Earthquake 830,000
1918 Bangladesh Epidemic 393,000
2010 Haiti Earthquake 316,000
1737 India Tropical cyclone 300,000
1850 China Earthquake 300,000
1881 Vietnam Tropical cyclone 300,000
1970 Bangladesh Tropical cyclone 300,000
1984 Ethiopia Drought 300,000
1976 China Earthquake 290,000
1920 China Earthquake 235,000
2004 Indian Ocean Tsunami 230,210
1876 Bangladesh Tropical cyclone 215,000
1303 China Earthquake 200,000
1901 Uganda Epidemic 200,000
1622 China Earthquake 150,000
1984 Sudan Drought 150,000
1923 Japan Earthquake 143,000
1991 Bangladesh Tropical cyclone 139,000
2008 Myanmar Tropical cyclone 138,000
1948 Soviet Union Earthquake 110,000
1290 China Earthquake 100,000
1786 China Landslide 100,000
1362 Germany Flood 100,000
1421 Netherlands Flood 100,000
1731 China Earthquake 100,000
1852 China Flood 100,000
1882 India Tropical cyclone 100,000
1922 China Tropical cyclone 100,000
1923 Niger Epidemic 100,000
1985 Mozambique Drought 100,000

Note: These figures are approximate. The list is biased towards the
recent past because of the unavailability of earlier records. Adapted from
Munich Re (1999), CRED database and other sources. 
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Box 2.1 Types of disaster impact

Few disaster reports include any losses beyond the direct and tangible impacts (Figure 2.1). Direct
effects are the first-order consequences that occur immediately after an event, such as the deaths and
economic loss caused by the throwing down of buildings in an earthquake. Indirect effects emerge
later and may be more difficult to attribute to the event. These include factors such as mental illness
resulting from shock, bereavement and relocation from the area. Tangible effects are those for which
it is possible to assign monetary values, such as the replacement of damaged property. Intangible
effects, although real, cannot be properly assessed in monetary terms. For example, many important
archaeological sites in Italy are at risk from landslides, floods and soil erosion (Canuti et al., 2000).

• Direct losses are the most visible conse quence
of disasters, due to the immediate damage,
such as building collapse. They are compara -
tively easy to measure, although method -
ologies are not standardized and surveys are
always incomplete. For example, loss estimates
for insurance purposes are probably more
accurate than some field-based surveys. How -
ever, insurance claims can be deliberately
inflated and there is a lack of insurance cover in
poor countries. Direct losses are not always the
most significant outcome of disaster.

• Direct gains represent benefits flowing to sur -
vivors after a disaster, including various forms
of aid. People with skills in the construction trade may obtain well-paid employment in the
restoration phase following the event and, occasionally, some longer-term enhancement of the
environment may occur. On the Icelandic island of Heimaey, volcanic ash resulting from the 1973
eruption was used as foundation material to extend the airport runway, and geothermal heat has
been extracted from the volcanic core.

• Indirect losses are the second-order consequences of disaster, like the disruption of economic and
social activities. As property values fall, consumers save rather than spend, business becomes less
profitable and unemployment rises. Again, data are incomplete. For example, no financial losses
are reported for epidemics, although the premature death of active workers inevitably results in a
loss of manpower and produc tivity. Ill-health effects often outlast other losses. Psychological stress
affects the victims of disaster directly and has an indirect influence on family members and rescue
workers. The symptoms include shock, anxiety, stress or apathy and are expressed through sleep
disturbance, belligerence and alcohol abuse. Attitudes of blame, resentment and hostility may 
also occur.

• Indirect gains are less well understood. They are the long-term benefits enjoyed by a community
as a result of its hazard-prone location. Little systematic research has been undertaken, for example,
into the balance between the on-going advantages of a riverside site (flat building land, good
communications, water supply and amenity), as compared with the occasional losses suffered 
in floods.

Figure 2.1 Possible losses and gains in disaster,
both direct and indirect, with specimen examples of
tangible and intangible effects.
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automated geographical information system
(GIS) to Centre for Research on the Epidemiology
of Disasters (CRED) disaster data to create a rapid
mapping procedure for floods, earthquakes,
cyclones and volcanoes. It was found that over 80
per cent of these events could be successfully geo-
referenced by this scheme.

Although damaging extreme events may be
classified according to natural and technological
causes, they must breach certain human effects
thresholds before they are recorded as disasters.
One consequence is the widespread under-
reporting of smaller-scale disasters. This is most
common in LDCs that lack the reliable, up-to-
date demographic and socio-economic statistics
needed to provide a precise record of loss. For
example, what total should be used when, as often
happens, a wide range of deaths are given or when
mortality is assessed ‘in the thousands’? How can
the data include those persons reported missing,
those who die later from their injuries or from
secondary effects, such as famine or disease? So
far, a definition for disaster-related ‘injury’ has not
been agreed.

Despite these limitations, data on disaster
mortality are often more accurate than other 
loss information, including that relating to finan -
cial costs. Munich Re (2005) estimated that the
percentage of natural catastrophes with good-
quality reporting of economic losses in the period
1980 to 1990 was approximately 10 per cent. 
By 2005 that figure had risen to about 30 per cent,
but still left about two-thirds of natural disas-
ters lacking accurate information. Once again, 
the problem arises from inconsistencies in data
collection, especially for indirect economic losses.
For example, if a flood damages a bridge and
farmers cannot transport their goods to the local
market, should the loss in produce sales be in -
cluded in the calculation? This is preferable, 
but data are rarely available. Similarly, little
account is taken of the on-going financial burden
of disaster preparedness, even though these re -
sources are not then available for other com -
munity needs.

In summary, most disaster audits are limited 
to estimates of direct deaths, injuries and im-
mediate damage and capture only part of the
impact picture (Box 2.1). Many disaster survivors
suffer indirect impacts, including the loss of a
relative, malnutrition, physical or mental illness,
loss of employment, debt and forced migra-
tion. Some consequences can persist for years after
the event, but few follow-up surveys are made.
The extent of homelessness immediately after a
disaster is often the only indirect loss for which
reasonably reliable statistics exist.

2 Reporting disaster

The mass media play a major role in raising
disaster awareness and as a primary source of
information for the agencies that collect disaster
data. News organizations are well equipped to
collect and transmit information continuously in
times of crisis, and knowledge of a disaster spreads
rapidly from the hazard zone to a global audience
(Figure 2.2). This flow of information can stim -
ulate public interest in the event and may also
influence the flow of disaster aid. Eisensee and
Stromberg (2007) found that emergency relief
decisions by the US federal government were
strongly influenced by media reports of natural
disasters. More aid was provided when disasters

Figure 2.2 A disaster-impact pyramid. Consequences and
awareness of the event spread outwards from a small number
of people directly affected in the hazard zone to the global
population, via the mass media.


