
A THE NATURE OF RISK

The Chinese word for risk, ‘wei ji’, combines the
two characters meaning ‘danger’ and ‘oppor -
tunity’. Another interpretation is ‘precarious
moment’. Both translations show that risk is not
a purely negative concept and that uncertainty
involves a balance between profit and loss. A
degree of risk is associated with almost every
aspect of life. As observed by Adams (1995), if
there is no uncertainty – if individuals know what
an outcome will be – they are not dealing with risk
in the first place.

In practice, people strive to assess and manage
their own risks in order to reduce any adverse
consequences. Risk assessment involves evaluating
the significance of a particular threat, by either
quantitative or qualitative means. Decision theory
distinguishes between so-called risky prospects,
where the probabilities of possible outcomes are
thought to be known, and less-certain outcomes,
where such information is unavailable. Quantita -
tive assessments are generally based on estimates
of the probability of an event together with the
magnitude of its known adverse consequences,
often expressed as:

RISK = Hazard Probability ! Elements at
Risk ! Vulnerability

Quantitative risk assessment has not been
attempted for all environmental hazards. Even
when risks have been quantified, the level of un -
cer tainty associated with the estimates of loss 
may be high. It is a process understood by a small
minority of the general public. Therefore, it is
important that risk assessments are communi -
cated in a transparent and accessible manner to lay
people and that care is taken to explain the extent
of uncertainty attached to any estimate.

In terms of disaster reduction, the main
practical goal is risk management, which aims to
lower the known threats – from either natural or
technological sources – whilst maximizing any
related benefits. Potentially, almost every person,
community and organization has something to
contribute to risk management, but achieving the
optimum balance between risk and safety involves
controversial value judgements. There is often
much difficulty in answering even basic questions,
such as: What is an acceptable level of risk? Who
benefits from risk assessment and management?
Who pays for the process? What is meant by
success or failure in risk reduction policy?

CHAPTER FOUR

Risk assessment and
management 4
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A sound approach to risk requires good science
and good judgement. Neither risk assessment 
nor risk management can be divorced from
choices. These choices are conditioned by indi -
vidual beliefs and circumstances, including finan -
cial constraints, and also by wider attitudes in
society. Since most people make decisions based
on their personal assessment of a threat, risk
perception has to be regarded as a valid ele ment in
risk management, alongside more sci entific
assessments. Distinctions are often drawn between
objective and perceived risks. This is because the
level of personal risk, perceived by the individual
concerned, often differs from the results obtained
by more objective assessments. Care must be
taken to ensure that an objective risk analysis,
perhaps based on financial models of costs and
benefits, is not always assumed to be correct – or
to lead to better outcomes – than assessments
based on perception.

When dealing with the perceptions of indi -
vidual people, risks are allocated into two
categories:

• Involuntary risks happen to us without our
prior knowledge or consent. As such, they 
are often seen as external to the individual. 
So-called ‘acts of God’, like being struck by
lightning or a meteorite, are considered to be
involuntary risks, as is exposure to some envir -
onmental contaminants. Occasionally, such
risks are known to the individual, but then
they are often seen as inevitable or uncon -
trollable, as in the case of earthquakes. Most of
the hazards considered in this book represent
involuntary risks to individuals or commun -
ities, due to their location in a hazard-prone
environment.

• Voluntary risks are associated with activities
that we elect to undertake as part of modern
life, such as driving a car or smoking cigarettes.
These risks, willingly accepted by individuals,
are generally more common and controllable.
Because they are undertaken on a personal

basis, they also have less catastrophe potential.
The control of voluntary risk is exercised either
through modifications of individual behaviour
(stopping smoking or ceasing participation 
in a dangerous sport) or by government action
(introduction of safety legislation, such as the
requirement to wear a crash helmet when
riding a motor cycle). Human-induced haz -
ards, including risks from technology, are
normally placed in this group.

In reality, the division between these two 
risk categories is less clear than it appears. For
example, while cigarette smoking and mountain
climbing are obvious cases of voluntary activities,
the same cannot be so firmly stated for driving a
car, which may be an essential form of transport
for people in remote areas. The alternative to
working in a dangerous chemical factory may be
unemployment. In other words, a risk is more
voluntary than another risk if its avoidance is
associated with a greater personal sacrifice on the
part of the risk-bearer. Some floodplain dwellers
may elect to buy a home near a river because it is
cheaper than an equivalent property in a safer
part of town. Such a decision can be both volun -
tary and economically rational. These issues are
further complicated by the poor levels of know -
ledge that most people have of the actual levels of
voluntary risk. A limited understanding of risk
means that, in many cases, individual decisions are
not rational in terms of the statistical facts.

Most people react differently to voluntary 
risks, as compared to the risks imposed externally.
In a pioneering study of public attitudes towards
various technologies, Starr (1969) attempted a
correlation between the risk of death to an indi -
vidual, expressed as the probability of death per
hour of exposure to a certain hazardous activity
(Pf), and the assumed social benefit of that activity
converted into a dollar equivalent. Figure 4.1
shows that there were major differences between
voluntary and involuntary risks, with people
willing to accept voluntary risks with a Pf value
approximately 1,000 times greater than that of
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involuntary risks. Voluntary risks such as driving,
flying and smoking were accepted even though
they produced a risk of death of one in 100,000 or
more per person per year, while the involuntary
risks exposed people to a risk of about one in 10
million or less per person per year. Fell (1994)
found that the acceptable level for risks perceived
as involuntary varied between a frequency of 
10–5 and 10–6 per year, as compared to between
10–3 and 10–4 per year for voluntary risks.

Starr also showed that the acceptability of 
risk from a given technology was approximately
equal to the third power of the benefits. That is,
the technologies with the greatest dangers also
have the greatest benefits. Later workers, such as
Slovic et al. (1991), suggested that such trade-offs
between risks and benefits are not always made
because perceived dangers influence attitudes
more strongly than do perceived benefits. This
situation is typified by so-called ‘dread’ hazards
like nuclear power. It is also the case that perceived
levels of risk can change quickly over time. For
example, the perceived risk posed by tsunamis
increased greatly after the 2004 Indian Ocean

earthquake, even though the actual risk worldwide
continued to remain relatively low.

In summary, perceived risk is subjective and
variable. The fact that individuals tolerate sub -
stantially more risk when the threat is associated
with voluntary behaviour has been explained as 
an unrealistic belief in personal control. In other
words, individuals rarely have the degree of
control over events that they assume or would
wish. Research, summarized by Sjöberg et al.
(2004), challenged Starr’s emphasis on volun -
tariness and opened up two other strands in risk
perception – the psychometric paradigm (rooted
within psychology and the decision sciences) and
cultural theory (rooted within sociology and
anthropology). The psychometric paradigm is
based on studies of how people process inform -
ation. It suggests that newly discovered risks,
including ‘dread’ risks like nuclear power, greatly
increase the seriousness with which the threats
are perceived. The cultural theory was promoted
by Douglas and Wildavsky (1982) on the premise
that individual risk perception is conditioned by
societal institutions, group cultural values and
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Figure 4.1 Risk (Pf) plotted relative to benefit and grouped for various voluntary and involuntary activities
involving exposure to hazard. The diagram also shows the approximate third-power relationship between risks
and benefits. The average risk of death from disease is indicated for comparison. After C. Starr, Social benefit
versus technological risk. Science 165 (1969): 1232–8. Reprinted with permission from AAAS.
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community ways of life. This approach has proved
somewhat controversial, although cross-cultural
studies have proved that people are influenced by
their social context in ways that may restrict the
scope for individual perception of hazards. Thus,
variations in risk perception exist according to
location, occupation and lifestyle, even between
individuals of the same age and gender, as well as
between nations (Rohrmann, 1994).

Others have taken an even wider view. The
work of Giddens (1990) and Beck (1992) high -
lighted the fact that people in the MDCs today 
are faced with new and complex threats well
beyond those posed by traditional ‘natural haz -
ards’. Many of these threats have been created by
human activity, in particular the technological
hazards linked to industrialization and the on-
going modernization process. As a result, the
concept of the risk society was born. Amongst
other things, the risk society is characterized by
much greater political and public concern about
industrial practices, especially when major disas -
ters like the Chernobyl and Fukushima nuclear
accidents reinforce such views of technology.

When people believe they are well informed,
whatever the source or reliability of the inform -
ation, they are more likely to attempt risk assess -
ment for themselves. Consequently, with the
spread of information via the internet and other
media, there has been a decline in the level of
public trust given to figures in authority, such as
industrialists, politicians and experts of many
kinds. In turn, this distrust has been accompanied
by a rise in support for concepts such as the
precautionary principle (designed to minimize
technological risks) and sustainable development
(designed to secure future livelihoods). People
currently living in the risk society attach greater
importance to safety, and to a secure future, than
did previous generations. As societies become
richer and people enjoy longer, healthier lives,
they perceive a definite value in an extended 
life and become more risk averse. One obvious 
ex pression of this has been the marked growth of
an enthusiastic health and safety culture, and

increased government regulation in everyday life,
in most affluent countries.

Given that absolute safety is impossible to
achieve, there is much sense in trying to deter-
mine the level of risk that is acceptable for any
activity or situation. Acceptable risk is the degree
of loss that is perceived by the community, or 
the relevant regulatory authorities, to be most
relevant when managing risk. It is a much-
mis understood term. For example, it does not
describe either the level of risk with which people
are happy or even the lowest risk possible.
Fischhoff et al. (1981) concluded that the word
describes the ‘least unacceptable’ option because
the associated risk is not really ‘acceptable’ in any
absolute sense. As a result, the term tolerable risk
is often used, i.e. the level of risk that is tolerated,
rather than accepted. Tolerable risk is a dynamic
concept because the actual level varies according
to a wide range of factors. These include the sever -
ity of the risk itself, the nature of the potential
impacts, the level of general understanding of the
risk, the familiarity of the affected people with 
the risk, the benefits associated with the risk and
the dangers and benefits associated with any
alternative scenario.

It is important, when specifying the level of
acceptable or tolerable risk, to be clear about the
people to whom it is acceptable. Actual behaviour
does not necessarily reflect the optimum choice.
For example, in the case of a consumer buying a
car, the act of purchase need not imply that the
product is safe enough, just that the trade-off 
with other forms of transport is the best available.
In this instance, the risk is tolerated rather than
accepted. There are many factors that influence
the consumer’s choice of a car. Perhaps sur pris -
ingly, statistics on the safety of the vehicle are
rarely prioritized, so, in most decisions, risk per -
cep tion is just one element in the process.

To summarize, there is no fully objective
approach to risk decisions and, since there is often
uncertainty about the best way to manage hazards
and risks, quantitative analysis is best viewed as a
partial, rather than as a complete, function.

74 THE NATURE OF HAZARD

Smith, Keith, and Keith Smith. Environmental Hazards : Assessing Risk and Reducing Disaster, Taylor & Francis Group, 2013. ProQuest Ebook Central,
         http://ebookcentral.proquest.com/lib/nottingham/detail.action?docID=1104839.
Created from nottingham on 2021-01-30 09:18:01.

C
op

yr
ig

ht
 ©

 2
01

3.
 T

ay
lo

r &
 F

ra
nc

is
 G

ro
up

. A
ll 

rig
ht

s 
re

se
rv

ed
.



RISK ASSESSMENT AND MANAGEMENT 75

B RISK ASSESSMENT

Risk assessment involves three steps:

• The identification of hazards likely to result in
disasters – what hazardous events may occur?

• The estimation of the likelihood of such events
– what is the probability that it will happen?

• The evaluation of the social consequences of
the hazard – what is the likely loss created by
each event?

In reality, the process is more complex because
there is an additional need to understand the
magnitude of the event and how it may affect 
risk outcomes. For example, the probability of
occurrence of an avalanche is related to the
volume of snow; large avalanches occur less fre -
quently and are, therefore, less probable. But, the
frequency – volume relationship – may not be 
the full story because the threat posed could 
be influenced by the velocity of the avalanche 
flow, and the nature of the snow, as well as the
volume.

Assuming that these problems can be over -
come, the statistical analysis of risk is based on
theories of probability whereby risk (R) is taken
as a product of probability (p) and loss (L):

R = p ! L

If every event resulted in the same conse-
quences, it would be necessary only to calculate
the frequency of occurrence. But, as already
indicated, environmental hazards have variable
impacts. Therefore, an assessment of damaging
consequences is required (Box 4.1). For many
threats, especially technological hazards, the
available data of past events are rarely adequate for
a reliable statistical assessment of risk. In these
cases event and fault tree techniques are used
(Figure 4.2). These use a process of inductive logic,
most often applied to industrial accidents, where
a known chain of events must take place before a
disaster can occur.

1 Magnitude–frequency
relationships

Many natural hazards can be measured objec-
tively on scientific scales of magnitude or inten -
sity, e.g. earthquakes (MW and Mercalli scales);
tornadoes (Fujita scale); hurricanes (Saffir-
Simpson scale). Unfortunately, such scales tend 
to measure just one physical factor that influ-
ences disaster impact. For hurricanes, the Saffir-
Simpson scale relates to the maximum sustained

Figure 4.2 A probabilistic event tree for a hypothetical gas pipeline accident. The performance of safety
systems A and B determines the outcome probability of the initiating event. Diagram courtesy of Dr J.R. Keaton,
personal communication.
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Box 4.1 Quantitative risk assessment
From experience, it is known that n different, mutually exclusive, events E1….En may occur. These
events might be a series of damaging floods or urban landslides, but the effectiveness of the method
depends heavily on the availability of a good database. Thus, the method is less satisfactory for rare
natural events, such as large-magnitude earthquakes, or for some technological hazards, such as the
release of radionuclides from nuclear facilities.

From historical data, it can be determined that event Ej will occur with probability pj and cause a
loss equivalent to Lj, where j represents any of the individual numbers 1….n and L1….Ln are measured
in the same units, e.g. pounds sterling or lives lost. It is assumed that all the possible events can be
identified in advance. Therefore, p1 + p2….pn = 1.

After arranging the n events in order of increasing loss (L1<….<Ln), the cumulative probability for
an individual event can be calculated as Pj = pj + ….pn. This specifies the probability of the occurrence
of an event for which the loss is as great as, or greater than, Lj, as shown in Table 4.1.

If we can categorize all possible events in terms of the property loss (expressed in pounds sterling),
it may be possible to produce a risk analysis along the following lines:

This theoretical example shows that there is
a 95 per cent chance of no property loss and only
a 2 per cent chance of a property loss of £50,000
or greater.

In some circumstances, it may be necessary or desirable to produce a summary measure of risk
(R). This can be done by calculating the total probable loss:

R = p1L1….+ pnLn

In this example, R would be £1,550. Alternatively, the maximum loss could be calculated. This is a rather
extreme summary that ignores the probability of occurrence and takes the risk to be equal to the
maximum loss, which, in this case, would be
£100,000. Because of the skewed distribution,
another way would be to take a given per centile
loss, for example 98 per cent level of loss.

The same methodology can be applied 
when damaging events cause loss of life. For 
the above example, an appropriate tabulation
might be:

Property Probability Cumulative
loss(£) (p) probability

(P) of exceedance

0 0.950 1.000
10,000 0.030 0.050
50,000 0.015 0.020
100,000 0.005 0.005

Number of Probability Cumulative 
deaths probability

0 0.99 1.000
1 0.006 0.010
2 0.003 0.004
3 0.001 0.001

(After Krewski et al., 1982)

Table 4.1 Basic elements of quantitative risk
analysis

Event Prob- Loss* Cumulative 
ability probability

E1 P1 L1 P1 = p1 + … + pn = 1
Ej pj LJ Pj = pj + … + pn

En pn Ln Pn = pn

Source: After Krewski et al. (1982)

Note: *Arranged in increasing order (L1!…!Ln)
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RISK ASSESSMENT AND MANAGEMENT 77

wind speed only, whereas most damage is due to
extreme wind gusts, storm surge or intense
precipitation (Chapter 9). Even if scientific scales
could incorporate all the damaging phenomena,
the event alone is a poor guide to disaster impact
because of moderating effects by local environ -
mental and societal conditions. For example, an
earthquake on a submarine fault might generate
a tsunami; one in a mountain chain cannot. More
significantly, disaster impact severity reflects the
level of vulnerability in the communities where
hazard strikes. Time of day can be important. 
At night more people will be indoors: perhaps
protected from strong winds and rain, but vul -
nerable to earthquakes if buildings collapse.
Vulnerability is not static, but varies over time as
both human populations and the physical
environment change (Meehl et al., 2000).

As previously mentioned, the magnitude (size
or intensity) of a hazardous process is usually
inversely related to the frequency of its occurrence.
For example, large earthquakes occur much less
often than small ones and major disasters result
from relatively rare, big events. The energy release
from the 2004 Boxing Day earthquake, which
killed about 250,000 people, was about 100 times
that of the 2005 Kashmir earthquake, which
resulted in 74,500 deaths. The five largest events
during the twentieth century were responsible 
for over half of all the earthquake-related deaths.
When the magnitude of an event is plotted against
the logarithm of its frequency, it normally exhibits
the relationship shown in Figure 4.3a. The recur -
rence interval (or return period) is the time that
elapses, on average, between two events that equal,
or exceed, a given magnitude. A plot of recurrence
intervals versus associated magnitudes (Figure
4.3b) produces a group of points that approxi -
mates to a straight line on a semi-logarithmic
graph.

The analysis of extreme events by probability
methods relies on the assumption of uniformi -
tarianism – a belief that past processes and events
are a good guide for the future. It is most appro -
priate for hazards for which a long-term record

exists, particularly hazards unaffected by human
activity. For example, it is reasonable to assume
that global tectonic processes, driven by large-
scale geological forces, have remained fairly con -
stant on human timescales. Probability analy sis 
is less suitable for environmental pro cesses known
to have changed during historical times. Thus,
there may be a shift in magnitude–frequency
relationships for floods of a particular size if exten -
sive deforestation has taken place over the
drainage basin. Setting such limitations aside,
probability-based approaches can be used to
estimate the size of floods that might be expected
once every year, once every 10 years, and once
every 100 years and so on. But, whilst a 100-year
flood has a probability of 1:100 of hap pening in
any one year, and an estimated average return
period of 100 years, in practice such a flood could
occur next year, be exceeded several times in the
next 100 years or not occur for 200 years.

Despite such limitations, probability-based
estimates help engineers to design and build 
key defensive structures in hazard-prone areas.
The list includes dams and levees for flood control,
nuclear power plants protected against storm
surges and hospitals reinforced against ground
shaking in earthquake zones. Engineers plan for a
selected design event, which is often the magnitude
of the hazardous process that a structure is built
to withstand during its expected lifetime. The
actual return period for the design event varies

Figure 4.3 Generalized statistical relationships between the
magnitude and (a) the frequency and (b) the return period for
damaging natural events. A few very high-magnitude events are
responsible for the majority of disaster losses.
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78 THE NATURE OF HAZARD

according to the nature of the hazard and the
vulnerability of the elements at risk. As an exam -
ple, large dams on major rivers are often built to
withstand the 1:10,000-year flood because the
consequences of failure would be catastrophic for
many downstream communities. On the other
hand, in the UK, railway bridges are generally
designed to withstand the 1:100-year flood event
because the potential consequences of failure are
much less catastrophic.

Magnitude–frequency relationships are used
in other areas of hazard management. For exam -
ple, a mortgage lender or an insurer might wish to
know the magnitude–frequency relationships of
flood risk for new houses built on a floodplain
during the average mortgage span of 30 years.
Figure 4.4 shows the risks of an event’s being

equalled or exceeded during this period. It can be
seen that an event as high as, or higher than, 
the 50-year flood has a 45 per cent probability 
of occurrence, but if the 100-year return period is
chosen, the probability drops to 26 per cent. This
is valuable information. If the probability of a
claim’s being made, and the likely cost of that
claim, are known, then the insurance premium
can be set appropriately. If the estimate of prob -
able losses is too high, the premium will be high
and may prove to be uncompetitive in the in -
surance market. If the estimate is too low, the
insurance company stands to make a loss from
unexpected claims.

2 The analysis of extreme events

Extreme event analysis is concerned with the
statistical spread of maximum or minimum
values, such as the strongest wind gust or the
largest flood, at a given site. The process can be
explained using an example of annual maximum
wind gusts that might be employed to assess the
potential for storm damage. In this case, data are
available on the annual maximum wind gusts
recorded at Tiree in western Scotland over the 
59-year period from 1927 to 1985. The first step
is to give a ranking (m) for these events, starting
with m = 1 for the highest recorded wind gust,
m = 2 for the next highest, and so on in des -
cending order. The return period or recurrence
interval Tr (in years) can be computed from

Tr (years) = (n + 1)/m

where m = event ranking and n = number of
events in the period of record. The percentage
probability for each event may then be obtained
from

P (per cent) = 100/Tr

and the annual frequency (AF) is given by

1/Tr (years) = AF.

Figure 4.4 The probability of occurrence of floods of
various magnitudes during a period of 30 years. This
is the average duration of a standard property mort -
gage and the information on risk will be of interest to
mortgage lenders and to property insurers.
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Figure 4.5 shows these wind gusts plotted 
using the return period calculation described
above. The data fall on a straight line, illustrating
once again the link between magnitude (gust
speed) and frequency (probability). From this it
is possible to estimate the return period corres -
ponding to any desired gust speed and the speed
that has a given return period. Caution is needed
in extrapolating to gust speeds that are outside the
range of the available data (about 100 knots in this
case). This is because of uncertainty in the data
beyond this point. Sometimes attempts are made
to estimate a theoretical maximum value using
physical principles, but these assumptions could
be undermined by inadequate knowledge, chang -
ing climatic conditions or other factors.

When a dataset is too short to be repre -
sentative, it may be necessary to extrapolate a
design event, despite the risk of substantial error.
It is for this reason that efforts are made in
earthquake engineering and flood hydrology to
extend the instrumental records, using historical
documents and other proxy records to estimate
the frequency and size of unmeasured extreme
events. The situation is most difficult for very rare
hazards, such as high-magnitude tsunamis, for
which there is no statistically valid dataset. In these
cases, the only viable approach is to examine the
geological record for proxy evidence in order to
create modelling scenarios for such events.

A major conclusion must be that the relia-
bility of results from probability-based analysis
depends heavily on the quality of the database.
Ideally, each event in the record should be drawn
from the same statistical population, should be
independent and should follow a known distri -
bution curve. For example, each of the maximum
wind gusts in the Tiree dataset is independent –
they are maximum annual gusts (so each value
must be from a different storm event) but, because
they are all caused by mid-latitude cyclones, they
are drawn from the same statistical population.
Other environmental phenomena are not neces -
sarily independent. Earthquake occurrence is not
random in time, as the magnitude of the event

depends in part upon the amount of strain energy
that is stored up in the Earth’s crust. When a large
earthquake occurs, at least part of the strain energy
is released. This reduces the immediate likelihood
of another large event on the same section of fault
until the strain energy has built up again. On the
other hand, the stress may have been transferred
onto other local faults, increasing the chance of an
earthquake on a nearby fault.

Whilst it is sometimes assumed that the stat -
istics are best described by a Normal distribution
function, this is not always so. Daily rainfall 
data, for example, have a skewed, rather than 
a Normal, statistical distribution, with resulting
com pli cations for probability analysis. Other
problems arise, as mentioned in the previous
section, when past records are used for predic-
tion purposes on the assumption that there will be
no change in causal factors. This assumption,
known as stationarity, ignores the possibility of
wider environmental change. Changes to physical
sys tems can occur naturally over very long time
periods, but changes resulting from human
activities are often more important. In terms of
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Figure 4.5 Annual maximum wind gusts (knots) at Tiree,
western Scotland, from 1927 to 1985 plotted in terms of
probability and return period. This example indicates a straight-
line relationship, which offers limited potential for extrapolation
for more extreme events.
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80 THE NATURE OF HAZARD

near-surface geophysical processes, like floods,
the relevant systems have almost certainly been
affected to some degree by human activity over the
last century or so. The prospect of climate change
means that the existing statistical distributions 
are less likely to provide a reliable estimate of
future events.

The consequences of such changes, when ex -
pressed in statistical terms, are complex. Changes
in the frequency of hazardous events can be
expressed most simply as shifts in the mean and
standard deviation of the dataset. Figure 4.6
illustrates a climate-change situation in which the
mean value remains constant but the variability,
expressed by the standard deviation, increases.
Thus, the frequency of both ‘high’ and ‘low’
extreme events increases relative to the thresholds
which define the relevant social band of tolerance.
This might simulate climate change that leads 
to both colder winters and warmer summers, as
shown on the temperature scale. On the other
hand, Figure 4.7 shows the consequences of an
increase in the mean value but with no change 
in variability. This might simulate the effects of
climate change in which a location undergoes 
a net warming without a major change to the
weather patterns. In this case the frequency of
‘high’ extremes relative to the impact threshold
rises, whilst the incidence of ‘low’ extremes falls.
Needless to say, this effect would be reversed with
a lower mean value.

In reality, environmental change might cause
shifts in both the mean temperature and the
variability. It might also alter the shape of the
distribution. For this reason, accurate predictions
of the effects of climate change on the occur-
rence of hazardous events are difficult to achieve
with existing models. One complication is the
non-linear relationships that exist between 
driving factors and the hazards themselves, such
as between sea-surface temperatures and the
formation of tropical cyclones (see Chapter 9).
The probability function for most hazardous
process is itself sensitive to changes in the mean
value (Wigley, 1985). A shift in the mean value of

Figure 4.6 The effects of a change to increased variability on
the occurrence of extreme events. Both upper and lower
hazard-impact thresholds are breached more frequently as a
result of the increased standard deviation, although the mean
value remains constant. The example is provided on a tempera -
ture scale.

Figure 4.7 The effects of a change to an increased mean
value on the distribution of extreme events. The shift results in
an increased frequency of hazard impacts from ‘high’ magnitude
events, with a corresponding decrease in the frequency of ‘low’
magnitude events.
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only one standard deviation would cause an
extreme event expected once in twenty years to
become five times more frequent. Similarly, the
return period for the one-in-a-hundred-year
event would fall to only eleven years, an increase
in probability of nine times. This is one reason
why some researchers believe that the impacts of
atmospheric hazards will increase significantly
with only modest changes in climate.

Another challenge lies in understanding the
changing sensitivity – or vulnerability – of
societies to hazards. Some possibilities that give
rise to increased risk of disaster are shown in
Figure 4.8. Case (a) shows a constant band of
social tolerance and constant variability of the
hazardous element in question but a decline in the
mean value of that element (perhaps a decrease 
in temperature). Case (b) represents a constant
band of tolerance and constant mean but an
increased variability (perhaps a trend to greater
fluctuations in annual rainfall). Finally, in case
(c), the variable does not change but the band of
tolerance narrows and vulnerability increases
(perhaps because population growth places more
people at risk).

C RISK PERCEPTION AND
COMMUNICATION

A distinction between objective (statistical) risk
and subjective (perceived) risk has already been
made. Objective risk assessment is the conse -
quence of a scientific process. It follows a system -
atic procedure that seeks to exclude emotive
elements due to personal preferences, in order 
to supply valid, reproducible results. Subjective
risk assessment, on the other hand, does not result
from a formalized process. It relies on personal
views and experience and the resulting percep -
tions are not reproducible in a scientific sense.
For example, an individual’s views may change
quickly, especially if they personally experience a
disaster. But the two approaches are not polar
opposites. Perceived risks may integrate a con -
siderable body of scientific knowledge, whilst so-

called ‘objective’ risk evaluations involve value
judgements, such as the ways in which different
impacts are compared.

The model of decision taking most widely
employed in the hazards field assumes that per -
ception acts as a personal filter through which the
decision maker views the ‘objective’ environment.
Faced with the complexities of natural and human
systems, for which there is an imperfect know -
ledge base, the decision maker has to seek an
optimum, rather than an ideal, outcome. Kates
(1962) stressed that such choices are based on the
individual ‘prison of experience’. Consequently,
hazard victims and hazard managers tend to
respond to risk in different ways. It is generally
considered that all individual perceptions of risk
are equally valid and that, for any given threat,
each individual has a right to choose their own
response.

Differences between expert risk assessments
and lay risk perceptions can lead to problems 
in the management of hazards (Table 4.2). A
statistician might well rate voluntary and invol -
untary risks equally, whereas most non-experts
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Figure 4.8 Changes in human sensitivity to hazard, due to
variations in physical events and changes in societal tolerance,
shown by the central bands on the graphs. In each case the
magnitude and frequency of hazard increases through time.
After de Vries (1985).
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show greater concern for involuntary risks. Addi -
tionally, an objective perspective would suggest
that large infrequent events that take many lives
can be seen as equivalent to frequent hazards that
take only a single life at a time but which, over
time, lead to a similar scale of loss. Conversely, in
the perception of most lay people, the dramatic
hazards that take many lives at a time are more
significant. For example, in the UK, on average
more people die each day in road accidents 
than die each year in rail crashes, but railway acci-
dents attract more media coverage. This is partly
because rail accidents are considered the result of
involuntary risk and the events tend to produce
striking images. Car accidents are perceived as the
result of voluntary risk and the number of deaths
per event tends to be low.

Resolving conflict between technical risk
analysis and less formal risk perception is a
headache for hazard managers. On the one hand,
it is argued that the outcomes of objective analyses
allow risks to be compared and balanced appro -
priately. In this way, rational economic decisions
about expenditure on risk reduction can be made.
Indeed, some analysts consider non-scientific
perceptions of risk to be invalid simply because
they arise from subjective influences. Others argue
that risk is highly complex, going far beyond
simple statistical estimates of mortality, morbidity
or loss. Today, the incorporation of perceived risk
into decision making is believed to capture a
public view which is important for policy making
within a democratic society.

The latter view accords with the view that lay
perceptions have value because they tend to blend
expert analysis with individual judgement based
on personal experience, social context and other
factors. The public is also aware that limitations
apply to the information available to experts
(Sjöberg, 2001). Some high-profile public-health
fears in the UK include the risks to children of
autism associated with the triple vaccine for
measles, mumps and rubella (MMR), and the link
between eating infected beef and contracting 
the illness CJD. In a ‘risk society’ the public is
increasingly cautious about accepting scientific
views about hazards. This is a recurrent issue in
debates about global warming, when the – largely
incorrect – assertion has been made that scientists
over-emphasize the threats from anthropogenic
global warming (AGW) in order to protect their
sources of research funding.

During contentious decision making, serious
breakdowns in trust between risk managers and
the public can occur. In practice a balance must
be achieved. Whilst community views should 
be taken into consideration, an emphasis on lay
perceptions of hazard and risk well beyond the
limits of objective analyses can lead to the waste
of public resources in order to achieve very limited
improvements in safety. Furthermore, percep -
tions of risk can sometimes be driven by unjusti-
fi able prejudices, which are often amplified
through the media and by politicians. In partic -
ular, where risk perception is used to drive hazard
manage ment, great care is needed to ensure that
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Table 4.2 Differences between risk assessment and risk perception

Phase of analysis processes Risk assessment Risk perception

Risk identification Event monitoring Individual intuition
Statistical inference Personal awareness

Risk estimation Magnitude/frequency Personal experience
Economic costs Intangible losses

Risk evaluation Cost-benefit analysis Personality factors
Community policy Individual action
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the results do not disadvantage minorities in
society.

Past conflicts, between technical assessors of
hazard and risk and the public, demonstrate the
need for good communication between the two
interest groups. From a practical standpoint,
improved communication should enable lay
people to understand the results of objective
analyses of risk and also help to inform scientists
about the risks that cause most concern to the
public. However, there are problems attached to
communicating complex technical assessments of
risk to the public (Slovic, 1986):

• People’s initial perceptions of risk are often
inaccurate.

• Risk information often frightens and frustrates
the public.

• Strongly held, pre-conceived beliefs are hard to
modify, even when the justification for those
beliefs is incorrect.

• Naive or simplistic views are easily manipu -
lated by presentation format. When it is stated
that there is a 10 per cent chance of an event
occurring, rather than a 90 per cent chance
that it will not, opinions change.

The growth of online sources of informa-
tion has made matters more complicated. Many
people have access to a vast range of informa-
tion and can undertake their own independent
research using the internet. Whilst this is a valid
and empowering trend, the quality of the inform -
ation accessed is sometimes poor and data may be
selected to reinforce initial misconceptions.
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Plate 4.1 Emergency response to a 2009 road traffic accident on Highway 2/E30 leading to Berlin near Hanover,
Germany. Transport risks tend to be acceptable to the public, despite the relatively large cumulative death rate in road
accidents. (Photo: Panos/Martin Roemers MRM01548GER)

Smith, Keith, and Keith Smith. Environmental Hazards : Assessing Risk and Reducing Disaster, Taylor & Francis Group, 2013. ProQuest Ebook Central,
         http://ebookcentral.proquest.com/lib/nottingham/detail.action?docID=1104839.
Created from nottingham on 2021-01-30 09:18:01.

C
op

yr
ig

ht
 ©

 2
01

3.
 T

ay
lo

r &
 F

ra
nc

is
 G

ro
up

. A
ll 

rig
ht

s 
re

se
rv

ed
.



D RISK PERCEPTION IN 
PRACTICE

An individual’s perception of risk is the result of
complex interactions between the general atti -
tudes taken by the community in which the per -
son lives and any personal experience of dealing
with the hazard in question (Garvin, 2001). The
cultural environment provides the setting within
which the risk is interpreted. For example, a per -
son living in a community with strong religious
beliefs may be more likely to view a hazard as an
unmanageable ‘act of God’. Past experience is im -
port ant because people with personal know-
ledge of hazard events tend to have more accurate
views regarding the probability of future occur -
rence. For example, people moving from rural
areas to live in urban slums on the margins of 
large cities may be vulnerable to landslides because
they are unaware of the threats posed by such
slopes.

Personal experience can be a powerful incen -
tive for hazard mitigation, as shown in an early
study by Meltsner (1978). After the 1971 earth -
quake at San Fernando, California, 46 per cent 
of residents in San Fernando and nearby Sylmar
took hazard-reducing measures to reduce future
seismic hazards, but this dropped to 24 per cent 
for the rest of the San Fernando valley and fell to
11 per cent for the Los Angeles basin as a whole.
Some may take the view that once any disaster,
such as an earthquake, has occurred, the prob -
ability of a recurrence is reduced and there is less
need to take further mitigating action. When
direct hazard experience is lacking, as it is for most
people, perceptions are moulded in other ways.
The media – television specifically – is a powerful
source of information. Given the extent of in-
built bias in reporting disaster news, detailed in
Chapter 2, and an increasing reliance on inform -
ation from the internet, the hazard perceptions 
of lay people are likely to be shaped differently
from more objective risk analysis outcomes. 
That having been said, media outlets provide an

oppor tunity for scientists to influence commun-
ity per ceptions of risk, and there is awareness 
of the need for better public understanding of 
the science of risk.

Some lay people may perceive hazards differ -
ently from technical experts because of geo -
graphical location and aspects of personality. Early
work on floods revealed that rural dwellers have
hazard perceptions closer to statistically derived
estimates than do urban dwellers, due to their
greater levels of connection with, and reliance
upon, the natural environment. The influence 
of personality is often classified according to the
degree to which an individual believes that the
impact of a hazardous event is dependent upon
fate (it is externally controlled) or their own
actions (it is internally controlled). Clearly, a range
of views exists surrounding what is usually des -
cribed as the ‘locus of control’. Within this
spectrum, three distinct types of perception can be
identified. These are:

• Determinism. This pattern of behaviour,
sometimes called the gambler’s fallacy, exists
when lay people find it difficult to accept the
random nature of most hazardous events. This
form of perception admits that hazards exist
but seeks to place extreme events in some
ordered pattern, perhaps associated with
regular intervals of time or a repeating cycle. 
In the UK, for example, there is a common per -
ception that a cold spell on the eastern sea -
board of the USA precedes a similar cold spell
in Britain, even though there is little evidence
to support this view (Petley, 2009). For some
earthquake sequences, this need not be an
inaccurate perspective, but it does not fit the
temporally random pattern of most threats.

• Dissonance. Although it takes many forms,
dissonant perception represents denial or 
a minimization of risk. Typically, an event 
is viewed as a freak occurrence unlikely to be
repeated. In extreme cases the existence of 
a past event may be denied completely. 
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Disso nance is a highly negative form of per -
ception, often associated with people’s having
much material wealth at risk from a major
disaster. In an early study, Jackson and Burton
(1978) suggested that people living in areas
subject to high levels of seismic hazard did 
not consider the hazard to be troublesome,
partly because of the practical difficulty of
coping with the consequences of a large earth -
quake and partly due to psychological prob -
lems in coming to terms with continuing vague
threats. From this viewpoint, dissonance is an
attempt to deal with on-going risks on a
bearable day-to-day basis.

• Probabilism. Probabilistic perception is the
most sophisticated view because it accepts that
disasters will occur and that many events are
random. It generally accords best with the
views of officials charged with making deci -
sions about risks. But in some cases the accept -
ance of risk is combined with a need to transfer
the responsibility for dealing with the hazard
to a higher authority, which may range from
the government to God. Indeed, the proba -
bilistic view has sometimes led to a fatalistic,
‘acts of God’ syndrome, whereby individuals
feel no responsibility for hazard response and
wish to avoid any actions or expenditure on
risk reduction.

An important feature of public risk perception
is social amplification. This happens when factors
combine to create an exaggerated fear of a threat.
It tends to occur when the threat is new to the
individual, when people believe that the true
magnitude of the risk is being hidden from them
in some way, when there is a belief that the hazard
cannot be controlled, when the individuals ex -
posed to the hazard are considered to be highly
vulnerable (e.g. if they are children) and when
there is a feeling that experts do not understand
the risks. On the other hand, risk perception may
be reduced when individuals or groups are not
able to relate directly to the hazard, when the level

of media reporting about the hazard is limited or
short term, when there are perceived benefits
associated with the hazard, when there is a belief
that the hazard is well understood and that the
responsible individuals are trusted. In the UK, for
example, there has been a perception that rail
travel is more dangerous than the statistics sug -
gest, partly because of high media interest when
accidents do occur and partly due to a low level of
public trust in the effectiveness of track main -
tenance.

Some of the factors that can increase or reduce
public risk perception are listed in Table 4.3. 
Risks are taken more seriously if they are life
threatening, immediate and direct. This means
that an earthquake is rated more seriously than a
drought. The type of potential victim can be
significant, since risk perception is not restricted
to purely personal concerns. Awareness is
heightened if children are at risk or if the victims
are a readily identifiable group of people. For
example, threats to a school party would be greatly
amplified. Level of knowledge can be important,
particularly when related to the degree of trust 
in the sources of hazard information. This is a
common feature in the perception of complex
technological risks, especially if a lack of scien-
tific understanding is combined with disbelief 
of opinions expressed by technical experts. Age is
also a factor. Fischer et al. (1991) found that
students gave relative emphasis to threats to the
environment, whilst older people were more
interested in health and safety issues. If techno -
logical hazards become more prominent, the
public will increasingly view these risks as capable
of some human control. Much weight is already
given to the common hazards, like road safety,
which can be significant for some countries. 
In New Zealand the death toll on the roads 
every six months exceeds the loss of life due to
earthquakes throughout the recorded history 
of that nation.
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E RISK MANAGEMENT

Risk management is a process whereby risk is
evaluated to facilitate the introduction of hazard-
reducing strategies. To some extent, there are
differences between risk management for techno -
logical and natural hazards. For example, fault
tree methods are more common for technological
hazards, but, in both cases, an appreciation of the
entire system involved is needed. In most coun -
tries, the prime responsibility for risk manage -
ment lies with national governments, who create
health and safety legislation, which, in turn, is
implemented and enforced by regional authorities
and specialized agencies. Whatever administrative

structure exists, successful risk management
depends on the use of effective and transparent
methods that are cost-effective and acceptable to
the stakeholders within the relevant community.

Management methods vary according to the
type of risk and the needs of countries at con -
trasting stages of human and economic develop -
ment. In an ideal world, there would be a clear set
of agreed priorities for formal risk management,
with the highest levels of risk addressed first. In
order to develop such a priority list, a quantita-
tive risk assessment of all relevant factors and
consequences is required. This goal is almost
impossible to achieve, due to a lack of data, the
need to balance risks between high- and low-
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Table 4.3 Twelve factors influencing public risk perception, with some examples of relative safety
judgements

Factors tending to increase risk perception Factors tending to decrease risk perception

Involuntary hazard Voluntary hazard
(radioactive fallout) (mountaineering)

Immediate impact Delayed impact
(wildfire) (drought)

Direct impact Indirect impact
(earthquake) (drought)

Dreaded hazard Common hazard
(cancer) (road accident)

Many fatalities per event Few fatalities per event
(air crash) (car crash)

Deaths grouped in space/time Deaths random in space/time
(avalanche) (drought)

Identifiable victims Statistical victims
(chemical plant workers) (cigarette smokers)

Processes not well understood Processes well understood
(nuclear accident) (snowstorm)

Uncontrollable hazard Controllable hazard
(tropical cyclone) (ice on highways)

Unfamiliar hazard Familiar hazard
(tsunami) (river flood)

Lack of belief in authority Belief in authority
(private industrialist) (university scientist)

Much media attention Little media attention
(nuclear plant) (chemical plant)

Source: Adapted from Whyte and Burton (1982).
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RISK ASSESSMENT AND MANAGEMENT 87

frequency events, financial constraints and, as
already discussed, the complexities attached to
public perceptions of risk. In particular, top-down
approaches may fail to capture the needs of some
at-risk groups, especially in the LDCs, and there
is now focus on more community-based partici -
patory approaches to risk management and
disaster mitigation.

1 The formal approach

Recent experience of large disaster losses, com -
bined with reduced financial resources, has
encouraged governments in Europe and elsewhere
to adopt more rigorous and systematic methods
of risk management, as exemplified by the pro -
cedures introduced for natural hazards reduction
in Switzerland (Bründl et al., 2009). As shown in
Figure 4.9, this approach consists of a detailed,

three-stage procedure that includes risk analysis,
risk evaluation and risk management.

• Risk analysis is the first step when a general
hazard appraisal takes place using archived
information from maps, terrain analysis, aerial
photographs and satellite imagery. Exposure
analysis then identifies and assesses the extent
to which people or other local assets are at risk.
Consequence analysis combines the hazard 
and exposure outcomes to provide estimates of
expected damages or other losses from given
events. Risk calculation is then conducted to
determine the scale of expected losses for
persons or socio-economic assets.

• Risk evaluation follows, so that the expected
losses, expressed in terms of fatalities or eco -
nomic damage, can be scaled against pre -
determined safety goals (e.g. with respect to

Figure 4.9 A sequential approach to natural hazard risk management as adopted in Switzerland. The process progresses
through stages of analysis, evaluation and mitigation for individual and societal risks. After Bründl et al. (2009). Reproduced
under Creative Commons Attribution 3.0 License.
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fatalities) in order to determine what losses are
acceptable and what are not. Intervention
action is then prioritized accordingly.

• Risk management is the final phase of evalu -
ation and planning, when a search is made for
the most appropriate mitigation strategy based
on a variety of economic, ecological and social
criteria in use at the time.

2 The participatory approach

The notion that community risk assessment is
best served by an inclusive approach has been
around for some time (Pelling, 2007). Local
people often have a good understanding of the
risks that they face. This is especially so if they have
previous experience of the hazard, like the rural
communities exposed to volcanic threats near
Mount Cameroon, West-Central Africa (Njome 
et al., 2010). The participatory approach aims to
respect the risk perceptions held by local stake -
holders and to work jointly towards the applica -
tion of indigenous skills and coping meas ures. In
a study of inhabitants’ perceptions of coastal
threats in the flat coastal area of Benin, West
Africa, Teka and Vogt (2010) found that risk
perception differed according to factors such as
age and ethnicity and concluded that risk manage -
ment strategies should reflect these group-specific
attitudes. Making use of a community GIS in
Mexico, Krishnamurthy et al. (2011) demon strate
a way in which the local perceptions of hurricane
risk can be factored into policy making for disaster
reduction.

Case studies from developing countries show
much potential for loss reduction by an under -
standing of social characteristics and vulnera -
bilities gained through active engagement with
local people. In the immediate aftermath of disas -
ter, local residents are usually the first res ponders,
so better training, and reliance on family and
community networks, will improve the search-
and-rescue phase. The recovery process following
disaster is crucial because this phase offers a win -
dow of opportunity to adopt initiatives designed

to correct faults in development policies and
weaknesses in infrastructure so as to make com -
munities more resilient in the future. Once again,
the communities themselves have skills, and
sometimes the resources, to take on these tasks,
even though these assets are often neglected by the
outside world.

As previously indicated, the framework for risk
management is usually set by government regula -
tions operating at local, regional, national and
international levels. For example, in the UK many
everyday risks are managed through laws origin -
ating from both European and British parliaments
which are administered by agencies such as the
Health and Safety Executive and the Environment
Agency. Enforcement may then be undertaken 
by those bodies, by the police (with respect to the
management of risk on the highways) or by local
authorities. In addition, the British Standards
Insti tute provides a set of codes of practice that,
although not legally binding, provide appropriate
guidance to enable organizations to comply with
the legislative requirements. Finally, some special -
ized industries have their own legislative frame -
works and enforcement systems. For example, 
the aviation industry is covered by a specific set of
laws, agreements and frameworks which, in the
UK, are enforced by the Civil Aviation Authority.

The legal framework for risk management is
supported by a range of other measures, such 
as the use of public information programmes 
that inform people about hazards, the purposes
and nature of the regulatory framework and the
actions that people can take to minimize their
own risks. This advice may be backed up by eco -
nomic instruments such as financial subsidies and
tax credits for compliance, combined with fines
for non-compliance. As an example, the author -
ities in an urban area with a high level of seismic
risk might reduce risk by:

• enforcing a building code that requires all new
structures to be able to withstand a specified
earthquake risk. Ideally this building code will
be enforced through legislation, with high
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RISK ASSESSMENT AND MANAGEMENT 89

penalties (including demolition in extreme
cases) imposed for non-compliance;

• providing tax incentives and subsidies to
owners to encourage the retrofitting of existing
buildings in order to meet the building code
standards;

• educating the public about the building code
and suitable measures for retrofitting build -
ings. Programmes that increase public aware -
ness of the earthquake risk may be undertaken.
Emphasis is often placed on teaching chil-
dren how to react because this helps to protect
some of the most vulnerable people in society
and assists in the transfer of information to
adults.

Despite its importance, risk management is
only one of many goals in society. The resources
required have to be balanced against other worthy
demands. In many LDCs, for example, the man -
age ment of hazard must be weighed against reduc -
ing poverty, improving health provision and 
low life expectancy and providing basic educa-
tion. Generally speaking, the amount of risk-
related government spending is small. In the 
UK direct public spending on health and safety
regulations is only about 0.1 per cent of total
central government expenditure (Royal Society,
1992). Even then, some of the investment in
increased safety is likely to be traded off against
other values, such as when spending on flood

Box 4.2 The ALARP
principle
ALARP stands for ‘as low as reasonably prac -
ticable’ (Petley, 2009). The principle is
applied to risk management on the assump -
tion that society is faced with a hierarchy of
risks from acceptable through tolerable to
unacceptable (Figure 4.10). Risks in the un -
acceptable range (at the top of the diagram)
are considered to be too great to bear and
must be addressed, more or less regardless
of cost. Risks in the tolerable range are then
tackled, using the ALARP principle that states
they should be reduced as far as is feasible
within the wider eco nomic and social frame -
work. Finally, the lowest category, negligible
(acceptable) risk, is not addressed through
risk manage ment because it would represent
a misuse of resources.

The aim of risk management is to reduce
all risk to the acceptable level. In reality, this
is not achievable. Therefore a cost-benefit
calculation is used to enable the prioritization of resource use. In the UK, the ALARP approach is
embedded in law, as a result of a legal ruling in the European Court of Justice in 2007.

Figure 4.10 The ALARP approach to risk manage -
ment. High-level (unacceptable) risks are at one end
of the scale, lower-level (acceptable) risks are at the
other end. The majority of tolerable risks should be
managed and reduced as far as possible by practic -
able means. After Petley (2009).
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defence works leads to greater property values and
economic risk on floodplains, the so-called ‘levee
effect’ (see Chapter 11). In effect, the aim of risk
management is to reduce threats to an acceptable
level that is compatible with other socio-economic
demands (Helm, 1996) and is guided by some
variant of the ALARP principle (Box 4.2 and
Figure 4.10).

The principle of risk acceptance is especially
relevant to the danger arising from hazardous
industrial sites. Typically, the risks extend from
individual operatives within a plant, up to wider
societal consequences if the effects of explosions
or dangerous pollutants travel off-site. Attempts
have been made to scale these risks, and the
consequent hazard severity, in terms of their level
of acceptance. Table 4.4 shows a risk matrix for
deaths and injuries for industrial accidents.
According to Duijm (2009), practice in European
countries has moved towards a consensus, so that,
for individual or location-based risk, the prob -
ability of an accident should be less than 10–6 per
year.

Many risk-management decisions are based 
on financial grounds. This means that there is a
need to attribute an economic value to a human
life, despite the fact that many people are uncom -

fort able with the notion. A number of approaches
have been developed, of which the so-called
human capital method is perhaps the best-
estab lished. This method works on the basis of 
an individual’s lost future earning capacity in the
event of accident or death. It is a relatively simple
principle, which values the life of a child at the
highest level, but it is flawed in that it places a zero
value on those people who, for whatever reason,
are unable to work. A better approach is willing -
ness to pay, which seeks to determine how much
people would be willing to pay in order to achieve
a certain reduction in their chance of a premature
death (Jones-Lee et al., 1985). This is preferable
because it measures risk aversion, i.e. the value
people place on reducing the risk of death and
injury, rather than on more abstract, long-term
concepts. Willingness to pay can be assessed 
by questionnaires which ask the respondents to
estimate either the levels of compensation re -
quired for assuming an increased risk, or the
premium they would pay for a specified reduction
in risk. Studies have found that the valuation of
risk should include some allowance for the pain
from, and aversion to, the potential form of death
(e.g. high values for death by cancer) and that
willingness to pay tends to decline after middle
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Table 4.4 An example of a risk matrix for industrial accidents

Frequency classification Frequency Accident magnitude
per year

Frequent 1–10–2 Undesired event
Occurs several times during lifetime of installation Minor material damage

Likely 10–2–10–4 Minor accident
Will probably, but not necessarily, happen Minor occupational injuries on site

Not likely 10–4–10–6 Serious accident
Could possibly happen Serious occupational injuries on site

Very unlikely 10–6–10–8 Major accident
Almost unthinkable Fatalities on site, injuries to people off site

Extremely unlikely <10–8 Disaster
Frequency is under the limit of reasonability Fatalities on and off site

Source: Adapted from Duijim (2009). Used with permission. 
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age, as the risk of mortality from natural causes
increases.

F THE ROLE OF INFORMATION
TECHNOLOGY

The contribution of information technology to
the management of natural disasters has greatly
increased over recent decades, as indicated by
Cutter (2003), Tralli et al. (2005), Gillespie et al.
(2007), Joyce et al. (2009) and Reddick (2011).
These reviews reflect advances in geospatial tech -
nologies over time. For example, prominence 
has been given to the use of near real-time data 
by emergency services and the public during 
the emergency-response phase of disaster. In turn,
this has led to more anticipatory forms of risk
assessment. But information technology also has
a place in hazard monitoring and the compila-
tion of disaster databases for later analysis and
prepared ness planning. Many applications of
information technology are hazard- and disaster-
specific. For that reason, some parts of this topic
– for example, developments in hazard forecasting
and warning schemes – are reserved for Part Two
of this book. The aim of this section is to provide
a context in which to place more detailed
treatments.

From the late 1970s onwards, increased com -
puting capacity has offered fresh opportun-
ities in project planning and real-time decision 
mak ing in emergencies. By the early 1990s, rela -
tively powerful and networked desktop computer 
sys tems were an integral part of disaster man-
age ment operations, especially in the MDCs
(Stephen son and Anderson, 1997). Drabek (1991)
reported fairly wide use of PC-based decision-
support systems in the USA, especially during the
emergency phase, when damage assessment, route
designation for evacuation and the availability 
of shelters are critical issues. At this time there was
a concern for improved telecommunications 
and simulation modelling, plus the need for 
some integration of the emerging technologies.
Although networked computer systems remain

prone to power failure during disasters, the in -
creas ing reliability of portable radio-based trans -
mission systems permits communication even
when the ground-based infrastructure is des -
troyed. Notebook computers and PDAs can 
be carried into remote or devastated areas where
GPS technology permits instantaneous location
fixing and vehicle tracking. Satellite-based tel -
emetry can then be deployed for imaging and field
survey work.

1 Satellite remote sensing

Many forms of remote sensing have led to disaster
reduction, especially in the LDCs (Wadge, 1994
and Table 4.5). In general, Earth observation
satellites have supported pre-disaster prepared -
ness through monitoring and mapping activities,
while communication satellites have contributed
to disaster warning and the mobilization of emer -
gency aid (Jayaraman et al., 1997). As already
indicated, the specific application depends on the
task and the hazard. For example, automated
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Plate 4.2 A scientist from the United States Geological Survey
Volcano Observatory on Hawaii Island uses a portable GPS
receiver to track changes in the surface topography during an
island-wide survey of volcanic activity. (Photo: Loren Antolik,
USGS)

Smith, Keith, and Keith Smith. Environmental Hazards : Assessing Risk and Reducing Disaster, Taylor & Francis Group, 2013. ProQuest Ebook Central,
         http://ebookcentral.proquest.com/lib/nottingham/detail.action?docID=1104839.
Created from nottingham on 2021-01-30 09:18:01.

C
op

yr
ig

ht
 ©

 2
01

3.
 T

ay
lo

r &
 F

ra
nc

is
 G

ro
up

. A
ll 

rig
ht

s 
re

se
rv

ed
.



techniques are now in place for the detection of
volcanic activity and wildfire by the remote
sensing of excess heat. During the routine moni -
toring and land zoning of a volcanic cone, the
imagery is unlikely to be time dependent, 
but during emergency operations, information is

urgently required and must be available in all
weather conditions.

The type of sensor used depends on the spatial
or spectral resolution required. Radar data is
needed when cloud obscures disaster areas, and a
mixture of optical and infra-red bands is best for

92 THE NATURE OF HAZARD

Table 4.5 The use of remotely sensed imagery in hazard management

Hazard Remote sensor Nature of data Uses

Storms Geostationary satellites (5) Global, 5 km resolution, every 
(e.g. Meteosat) half hour: gives cloud, water 

vapour
Polar-orbiting satellites (2) Global, 1 km resolution, every Storm tracking, weather 
(e.g. NOAA) 6 hours: gives cloud, temperatures forecasting
Ground-based VLF Global, time and position of Storm tracking
(e.g. SFERIC service) lightning

Floods Landsat (SPOT, NOAA) Near infrared discrimination of Flood extent mapping
land/water

Satellite radar (e.g. ERS-1) Water content from backscatter Runoff/snowmelt models
for soil/snow

Ground-based radar Intensity of rainfall Weather forecasting/runoff 
models

Earthquakes Satellite/airborne radar Interferometric mapping of surface Prediction of earthquakes?
(e.g. ERS-1) deformation
Differential GPS Point monitoring of surface Prediction of earthquakes?

deformation
Landsat/SPOT/Fuyo-1 Detection of topographic evidence Estimate of earthquake 

for earlier faults and offsets recurrence

Volcanic NOAA/TOMS Eruption plume height, motion Aircraft warning, eruption 
eruptions and SO2 monitoring

Landsat (Thematic Mapper) Size and temperature of emitted Eruption precursor/ monitoring
radiation

Satellite/airborne radar Deformation of volcano’s surface Eruption precursor/ monitoring

Drought/ Meteosat and NOAA Cloud temperatures and vegetation African storm warnings, 
pests indices drought monitoring and pest 

migration prediction

Fires NOAA (Thermal infrared) Night-time thermal emissive Wildfire monitoring
anomalies give temperature and 
size of fires

Landslides SPOT Topography from stereopairs
Landsat Spectral character of landslide Landslide inventory and 

ground susceptibility mapping

Source: After Wadge (1994)
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wildfire detection. Integrated techniques are in -
creasingly used – for example Singhroy (1995)
described the use of SAR (synthetic aperture
radar) in assessing landslide and coastal erosion
hazards. SAR technology is particularly useful 
for mapping the extent of surface floods. Other
applications include lahar monitoring on the
flanks of volcanoes (Kerle and Oppenheimer,
2002). Early detection of regional drought, before
it grows into a disaster, is also possible. Because of
the high cost of development and launching, Earth
observation satellites have not been deployed as
widely as communication platforms, although this
situation may change with developments in small-
satellite technology (da Silva Curiel et al., 2002).

For many years, hurricanes have been tracked
by geostationary satellites (e.g. Meteosat) that
provide global cover between 50°N and 50°S 
at half-hourly intervals. Such repetition enables
close monitoring of a storm as it moves towards
landfall. As a result, no major tropical cyclone is
likely to form without detection, but forecasting
the future track of such storms remains problem -
atic. A similar situation arises with smaller-scale
phenomena like tornadoes. These storms are
tracked by geostationary satellites, in combination
with Doppler radar to monitor the rotation and
the speed of forward movement of tornadoes.
More recently, attention has been given to linking
hurricane forecast tracks with up-to-date demo -
graphic information for the expected landfall area
in order to target formal warning messages more
precisely and forestall the evacuation of coastal
populations not at risk.

Satellites provide a cost-effective, global cover -
age of volcanic activity through the detection 
of thermal anomalies and plume tracking. Simi -
larly, large-scale drought monitoring is possible
through changes in surface albedo and the appli -
cation of a vegetation index (VI) that meas ures
vegetation stress (Teng, 1990). This inform a-
tion can be used for a variety of purposes, ranging
from a change in cropping patterns and irriga-
tion practices early in a growing season to the 
late-season estimation of crop yields and their

possible effects on food supplies (Unganai and
Kogan, 1998). The mapping of flood-affected
areas is also highly successful, due to differences
in the spectral signatures for different types of
inunda tion – standing water, submerged crops,
areas of flood-water retreat, etc. In addition, 
the topo graphic information necessary for hazard
zone mapping can be provided by instruments
such as the SPOT and ERS satellites, which have
stereo-imaging for this purpose. Over the last
decade the availability of very high-resolution
instruments, such as Ikonos and Quickbird, 
has allowed the identifi cation of individual struc -
tures and even earthquake-induced cracks in the
ground (Petley et al. 2006). This is now permit-
ting the assessment of damage to be undertaken
remotely.

There are limitations. Remotely sensed imag -
ery needs filtering and correction, a process that
is expensive and time consuming. The very high-
resolution satellites typically image each area 
every few days only. In addition, the instru ments
are optical in character, meaning that they cannot
penetrate cloud cover. Radar instruments can 
do this but the data resolution is often too poor
to allow useful analysis for short-term damage
assessment. High-resolution data are also very
expensive to purchase. An attempt was made to
address some of these issues by the establishment
of the International Charter on Space and Major
Disasters in 1999. Almost all of the satellite data
providers are signatories to this charter, which
allows member organizations (mostly govern -
ment bodies, international agencies and the 
major NGOs) to acquire satellite data for disaster
areas free of charge. In the aftermath of the 2005
Kashmir earthquake, the charter was used to allow
the acquisition of data to assist with the relief
operations in Pakistan and India. However, the
effectiveness of such systems remains limited by
difficulties in analysing the remotely sensed data
in a timely fashion and the problems of com -
municating the analyses to end-users on the
ground in an area with poor communication
networks.
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2 Geographical Information Systems

GIS technology provides a major resource for
disaster mitigation and emergency managers.
Local government offices and other agencies
routinely hold archives of contours, rivers, geol -
ogy, soils, highways, census data, phone listings
and the areas subject to flooding, or other hazards,
for their area. This archived information can then
be integrated with dynamic layers of information
on evolving floods and droughts which have 
been extracted from remotely sensed satellite data. 
GIS is used on PCs at an affordable cost to aid 
all aspects of disaster management, including 
land zoning decisions, warning of residents and
the routing of emergency vehicles. GIS-based
systems work best for those hazards that can be
mapped at a suitable scale. For example, Emmi
and Horton (1993) presented a GIS-based method
for estimating the earthquake risk for both
property and casualties which can be applied to
disaster planning and land zoning in large com -
munities, whilst Mejía-Navarro and Garcia (1996)
demonstrated a GIS suitable for assessing a range
of geological hazards, backed up with a decision-
support system for planning purposes. However,
as noted by Cutter (2003), most emergency res -
ponders (such as police, medical teams) are not
always trained to use GIS and the practical support
system needs to be transparent and user friendly.

Most success has been achieved with the
monitoring and forecasting of meteorological and
flood hazards. In turn, this has led to improved
warning and evacuation systems. Dymon (1999)
described how GIS models were used to calculate
the height of the potential storm surge before
hurricane ‘Fran’ reached the North Carolina coast
in 1996. Emergency managers in the USA now 
use GIS information to identify the areas to be
evacuated when a hurricane is forecast, whilst after
the storm, detailed data on residential locations
can help to verify insurance claims. Potential vul -
ner ability to disaster, expressed by the location 
of the poorest groups, the elderly and women-
headed households, can also be captured in a GIS

in order to promote better emergency responses
in the future (Morrow, 1999). GIS can also be
applied in the recovery period following disaster,
when the need may be to devise alternative
evacuation routes, plan the relocation of facilities
and make other land use decisions. GIS and GPS
technology is also starting to make a contribution
to the alleviation of major humanitarian emer -
gencies in the developing world (Kaiser et al.,
2003). Early applications were in the control of
disease outbreaks, but later advances in Africa
involve large-scale vulnerability assessment, mor -
tality surveys, the rapid identification of basic
disaster needs (such as water, food and fuel) and
the mapping of population movements.

3 Social communication systems

Recent developments have taken place with
respect to various social media – the internet, 
cell phones, Twitter and Facebook. The internet
is widely used for the dissemination of official
information about disasters and general advice
on emergency procedures. For example, the US
Federal Emergency Management Administra-
tion (FEMA) posts resources online, including
certification courses in disaster-related fields. 
Less formal channels permit the rapid sharing of
information, including images, and may well find
more organized applications during emergencies
in due course. For example, Twitter allows users
to construct personal identities for dialogue and
information exchange with other members of 
the public and also with organizations such as the
emergency services and the police. This process
may help to stimulate and direct emergency action
and also increase public awareness.

Cell phones can be routinely programmed to
receive automated alerts from an emergency
operations centre. Cell networks may not always
operate during a disaster, so this facility will be
more useful prior to the event, perhaps to provide
guidance on evacuation, or after the event to
provide information in the recovery phase. Fire
departments and other emergency personnel 
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can now communicate over wireless networks to
exchange text-based information about a devel -
oping situation. New techniques are constantly
being trialled for capturing moving images in the
field (Mills et al., 2010). The literature on the
disaster applications of social media sources is
currently limited (see Smith, 2010; Yates and
Paquette, 2010; Bedford and Faust, 2011) but
these are innovations well worth watching into the
future.
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