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E.5.1 Risk, Hazard and Vulnerability: Concepts

Risk, in layman's terms, is the "chance of disaster" (Fair-
man et aI. 1998). More formally

cal event can disrupt the human environment, i.e. a haz-
ard is the combination of both the active physical expo-
sure to a natural process and the passive vulnerability
of the human system with which it is interacting (Plate
1996).

The physical exposure is essentially the damage-
causing potential of the natural process and is a func-
tion of both its intensity and duration. The natural proc-
ess becomes a hazard when it produces an event that
exceeds

Risk is a quantitative measure of a defined hazard,
which combines the probability or frequency of oc-
currence of the damaging event (i.e. the hazard) and
the magnitude of the consequences (i.e. expected
losses) of the occurrence.

Embedded within this defmition is the term hazard,
and implied in the phrase "consequences of the occur-
rence" is the concept of vulnerability to the hazard. These
two terms are therefore described next, before re-visit-
ing broader issues of risk.

A hazard is commonly described as the "potential to
do harm". Defined more rigorously (Zhou 1995; Smith
1996; Fairman et al.1998; Downing et al.1999)

A hazard is a naturally occurring, or human induced,
physical process or event or situation, that in particu-
lar circumstances has the potential to create damage
or loss. It has a magnitude, an intensity, a duration,
has a probability of occurrence and takes place within
a specified location.

The above definition serves to highlight the concept
that a physical process only becomes a hazard when it
threatens to create some sort of loss (such as loss of life
or damage to property) within the human environment
(Smith 1996). This is therefore essentially an anthro-
pocentric view of the concept of hazard and does not
take into account the effect that an extreme natural event
can have op an uninhabited area (Suter 1993). The as-
sessment of losses and the determination of the detri-
mental effects on future overall sustain ability in unin-
habited areas are extremely difficult to undertake and
they generally fall under the concept of ecological risk
assessment (Suter 1993). Here, the magnitude of a haz-
ard is thus determined by the extent to which the physi-

.thresholds, i.e. the critical limits (bounds) that the en-
vironment can normally tolerate before a negative
impact is produced on a system or activity (Downing
et al. 1999). In the case of rainfall, too much produces
a flood hazard and too little a drought hazard. In
Fig. E.4 the shaded area represents the tolerance lim-
its of the variation about the average, within which a
resource such as water can be used beneficially for
social and economic activities within the human en-
vironment (Plate 1996). The magnitude by which an
event exceeds a given threshold determines the dam-
age-causing potential of such an event.

.Intensity refers to the severity, or damage-causing po-
tential, of a natural process, e.g. rainfall at 20 mm h-l
is generally less damaging than 100 mm h-l over the
same time period. The hazard intensity is determined
by the peak deviation beyond the threshold (vertical
scale in Fig. E.4).

.Duration, the other variable determining the damage-
causing potential of an event, implies exposure to an
event, and the longer the exposure the greater the dam-
age-causing potential (Zhou 1995; Plate 1996; Smith
1996). Hazard duration is determined by the length of
time the threshold is exceeded (horizontal scale is
Fig. E.4).

Response to a hazard, as discussed in more detail later,
is either by

.adaptation, i.e. the long-term arrangement of human
activity to take account of natural events (e.g. becom-
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Fig. E.4.
The magnitude of environ-
mental hazard expressed as a
function of the variability of
a physical element within
the limits of tolerance (after
Smith 1996)
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ing more dependent on groundwater than on more er-
ratic surface water resources in more arid zones), or

.mitigation, i.e. the intentional response to cope with
a hazard (e.g. only constructing buildings beyond a
demarcated 1: 50 year flood line).

the flood discharge). Systems may, according to Smith
(1996), also be subjected to

.deprivation events (e.g. drought, soil erosion or leach-
ing of fertilisers out of the soil), in which case the
thresholds of vulnerability are determined by the re-
tention and replacement capacities of the system (e.g.
the buffer of deeper soil depth to storing moisture
for a plant during a drought, or the rate of weather-
ing to replace soil lost by erosion).

Vulnerability implies the need for protection. From
an anthropogenic viewpoint

Vulnerability is the characteristic of a person or group
or component of a natural system in terms of its capa-
city to resist and!or recover from and/or anticipate and!
or cope with the impacts of an adverse event (Blaikie
et al.1994; Downing et al.1999).

Vulnerability therefore invanably embraces an

Vogel (1998) describes vulnerability in terms of the
resilience and susceptibility of a system, including its
physical, social and human dimensions, while Plate
(1996) adds the reliability of the system to its attributes.

.external dimension (Vogel 1998), i,e. the threat of an
event, that may increasingly predispose people to risk
(e.g. climate change and its impacts on water re-
sources), as well as an

.internal dimension, i.e. the internal capacity to with-
stand or respond to an event, such as the defenseless-
ness to cope with a hazard (e.g. poor people living on
a floodplain) or the lack of means to cope with the
aftermath of damaging loss..Resilience (Vogel 1998) is the capacity of a system (e.g.

a dam) to absorb and recover from a hazardous event
(e.g. a drought). Resilience therefore implies that there
are thresholds of vulnerability.

.Reliability, on the other hand, is the probability that
the system, or a component of a system, will perform
its intended function for a specified period of time
(e.g. what is the probability that the dam will be able
to supply water to a city over the next 50 years?).

People may thus face the same potential risk, but are
not equally vulnerable because they may face different
consequences to the same hazard.

Although intuitively simple, the vulnerability concept
requires quantitative tools which are only now being de-
veloped. The issue of vulnerability is discussed in UNEP
(2000), for example. One new aspect to the vulnerabil-
ity perspective is that the affected resource can itself
feedback to influence its environment. An attempt to
quantify vulnerability in terms of the proportion of peo-
ple affected under extreme rainfall conditions in South
America has been presented by Guenni et al. (2001).
They assumed that the proportion of people affected (or
vulnerable) to extreme rainfall conditions is a random
variable that can be calibrated by using available infor-
mation on the conseqences of extreme events on the
population in different South American countries.

In terms of vulnerability, systems may be subjected to

.assault events (e.g. heavy rainfall; flood peak; pollu-
tion levels above a certain concentration), in which
case the vulnerability threshold is determined by the
system absorption and redirection capacities (e.g. a
heavy rainfall saturating a soil and the soil then drain-
ing the excess water rapidly enough, or a dam filling
to capacity and the spillway coping adequately with
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Fig.E.S.
A schematic illustration in
which risk changes due to var-
iations in the physical system
and the socio-economic sys-
tem. In all the cases risk in-
creases over time (with modi-
fications after Smith 1996)
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In viewing risk as having a human component, in
addition to its probabilistic one, three tiers of risk have
been identified by Zhou (1995):

Risk Revisited

If risk is the probability of a specific hazard occurring

and the loss caused by that hazard in regard to the level
of vulnerability of the affected people or places, then

several possibilities exist that give rise to increased risk.
These are illustrated in Fig. E.5 (Smith 1996):

.a lower band of risk, which is acceptable to the af-
fected people and where, for example, the benefits of
doing nothing or little outweigh the disadvantages
of carrying an unacceptable cost burden,

.a middle band of risk, where decisions have to be made
which trade off the costs of reducing the risk versus
the benefits of the risk reduction, and

.an upper band of risk, where doing nothing is com-
pletely unacceptable, irrespective of cost.

Each of these three tiers of risk is related to the bal-
ancing of benefits v. costs. This is usually done through
risk management, which on the one hand has to be regu-
lated by professional standards and legal measures while
on the other hand it contains a large element of subjec-

tivity.
The vulnerability approach described above provides

a methodology by which the public in general and the
policy-makers in particular will gain a better insight into
which thresholds and limits in environmental changes
might potentially cause stress or damage. They would
have a better estimate of the uncertainty associated with
the occurrence of these thresholds and they could bet-
ter quantify the expected losses for specific hazards.

A cost-benefit analysis must necessarily be a next step
for policy-makers to take the required actions in high
vulnerability situations. In the following sections, spe-
cific examples of environmental variability and changes
and multiple stresses to ecosystems with their expected
impacts are presented.

.Case A represents a scenario where the tolerance and
the variability remain constant, but there is a gradual
change over time in the mean value. In this particu-
lar case the frequency of extreme events at one end
of the scale increases, as would be the case of a mean
decrease in rainfall, or a decrease in runoff associ-
ated with upstream afforestation.

.Case B shows a scenario in which both the mean and
the band of tolerance remain constant, but the vari-
ability increases. In this particular case the frequency
of potentially damage producing events increases at
both ends of the scale.

.In Case C the physical variable, e.g. runoff, does not
change, but the band of tolerance narrows, i.e. the vul-
nerability of the human system increases (e.g. because
of increased water demands on a river from people
living directly in the floodplain). In this particular
situation the frequency of damage-causing events in-
creases at both ends of the scale (e.g. too little water
during dry periods; vulnerability to flood damage
during high flows).

.In Case D, there is an abrupt change in the mean, but
the variability remains the same. Such a rapid tran-
sition provides little time to adopt to a change (such
as might be possible with Case A).


