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1. Introduction
With growing infrastructures complexity, the world population is facing increasing environmental

risks such as water, air and soil contamination due to organic, chemical or nuclear wastes and accidents.
Human activities pressures natural habitat through agriculture’s practices and forest fires, leading to
biodiversity losses. The vegetation removal increases the risks of extended floods and soil erosion
occurrence. Adding to these human induced threats, natural hazards such as volcanic eruptions, cyclones,
floods and earthquakes are causing more and more victims due to higher population densities.

In 12 months, Webrrelief has reported 29 floods, 10 major earthquakes, 9 Droughts, 6 hurricanes, 3
mudslides and landslides. So far the international community has mainly reacted after the events. Financial
support was principally provided for aid and mitigation. There is a crucial need for developing a culture of
prevention including landscape management and urban planning, education and early warning systems.

In order to prioritise the populations that are facing higher threats, maps showing risks could be a
useful tool for decision makers. Whereas for a selected hazard mapping is easy to achieve at a local scale, the
question is much more complex and controversial, if we speak of multiple hazards at a global scale. Some
elements of discussion and approaches will be discussed in this presentation.

2. Definitions
Before developing any further it is essential to provide clear definitions on how the terms “early

warning”1, “vulnerability” and “risk” are used here. The conception of vulnerability can change considerably
depending on the view, the object taken into account and the end users or the background of decisions
makers. In this presentation the following terms should be taken in the sense as described in Table 1.

Table 1. Definitions
Early warning:

A process that provides timely information so that communities are not only informed, but sufficiently
impressed, that they take preparedness actions before and during the anticipated hazardous event.
Sources: IDNDR

Risk*:
A measure of the expected losses due to hazard event of a particular magnitude occurring in a
given area over a specific time period. Sources: Tobin & Burrel (1997)

Vulnerability*:
The degree of loss to each element should a hazard of a given severity occur. (Coburn et al. 1991, p.
49).

A general acceptation of the formulation for risk estimation can be described by the following
equation:

Risk = Frequency x Population x Vulnerability

Where:
Risk = Number of expected human losses per exposed population per time period (e.g. per year)
Frequency = Expected (or average) number of events per time period
Population = Number of exposed population
Vulnerability = Expected percentage of population loss due to socio-politico-economical context

If the probability of occurrence is null, then the risk is null even if the population is dense and poor; in
the same way if the frequency is high but the area is desert, the risk is null. In this study, vulnerability should
be taken in the sense of population vulnerability and not for costly infrastructures. This is a subjective choice

                                                
1 A process that provides timely information so that communities are not only informed, but sufficiently impressed, that
they take preparedness actions before and during the anticipated hazardous event. Sources: IDNDR
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but need to be specified in order to avoid confusions. The vulnerability or risk of losses as computed by
banks or insurance companies may sensibly differ.

In the formula, the probability of hazard occurrence can be estimated in two ways:

1) By scientific computation or modelling of the process. This requests a significant amount of
data, local measures and scientific research.

2) By statistics, based on past observations. This needs a comprehensive database in order to
derive probability.

The vulnerability depends on three main components: the enhancing physical factors (see Table 2 for
details), the socio-economical factors (population density, quality of infrastructures, collectivity
organisation) and the response capacity (prevention, early warning system, capacity of aid and interventions,
mitigation).

3. Hazards characteristics
Natural hazards have always occurred, however what has changed is the higher density of human

infrastructures and settlements. Earthquakes may have always existed, this is not the case of nuclear power
plants. Now if an earthquake occurred at a location containing such infrastructure the effect on the
population would be different! 
The increasing population density has also force people to live in places that were not used before, such as
slopes, areas with risk of floods, unstable soils that are now used because of lack of other surface, especially
around large cities. The Table 2 shows the enhancing factors that could cause a natural event to become a
disaster.

Table 2. Enhancing Factors

This table delineates the multiplicity of vulnerabilities. A population located in an area sensitive for
volcanoes may not be as exposed to floods.
There is a need to separate the physical causes leading to the occurrence of the event, from the enhancing
factors causing this event to degenerate into a disaster.
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To illustrate with a more concrete situation, the case of tropical cyclones can be considered. The
causes are both climatic and physic: a sea temperature higher than 26°C, combined with a low atmospheric
pressure as well as high Coriolis forces from earth’s rotation. The exposed population (or population at risk)
are located on inter-tropical areas (but not at the equator where the Coriolis force is null), close to ocean (less
than 100 Km) and mostly on east coasts of continent. The vulnerability toward cyclones, may rely on poor
infrastructures, bad access, low elevation, precarious access to information, or even with political conflict.

Following our previous formula, the risk of population losses, can be modelled in function of the
population living on east coasts of tropical regions, located at less than 100 km from the coasts, with low
elevation, poor economy and at the end of summer (when the sea water are at the warmest).

If characteristics of all hazards can be modelled then areas where risk is the highest could be
identified. Highlighting the places where the populations are vulnerable and are facing a high probability of
hazards occurrence!!! The total risk is then computed with the following formula:

      RiskTOTAL =  Risk from Volcanoes + Risk from Floods + … + Risk from N

If for some hazards the frequency of occurrence can be reduced (by building dam to contain flood or
by stabilising slopes) nothing can be done to decrease cyclone or earthquakes occurrence, however, one may
act on vulnerability. Physical factors need to be taken into account when planing human settlements, capacity
of response can be developed.

4. Intrinsic problems for global index on risk or on vulnerability
The generation of an index that takes into accounts a global risk or global vulnerability is complex.

Several questions need to be solved. First of all, what hazards should be considered? Vulnerability is not the
same from one hazard to the next. Depending on the selection made the parameters, weighting and results
will differ as shown on Table 3.

Table 3. Which hazards should be taken into account ?

Sources: CRED

If drought and epidemics are included in the index, the number of victims from floods and
earthquakes does not change, but seemed minimised in comparison of the two others.
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Then the computation of the probability needs either an extended set of data, which are not always available
for all places. If computed statistically, what length of time should be taken into account ? This will depends
on the availability of the data, however it the length of time considered completely change the computation
of the frequency as depicted by Table 4.

Table 4. Number of victims by type of hazards since 1964

Sources: CRED

On what ground should be based the selection of hazards considered for computing global risk ? Should
human induced hazard such as mines, pollution, nuclear wastes and accident be incorporated as well ? The
distribution is not the same for each continent as depicted by Table 5 (and even more different considering
each country). In fact from one valley to the next, the risk can change.

Table 5. Proportion of victims from hazards by continent
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How to compare the situation of earthquakes in South America with the problem of drought in Africa ? Not
only the number of people affected is very different as seen on Table 6, but also the percentage of occurrence
vary largely for each continent.

Table 6. Number of victims per continent
Hazards impacts differs in:
•  Scales: local/regional/global,

coverage (punctual/large area)
•  Danger: Frequency, magnitude
•  Length:  short term/long term

Their comparison constitutes a true
challenge!

5. The question of indicators
Following the precedent comments, the question of indicators is then quite “tricky” and even seems

insoluble. If comprehensive models require data that may not be available world-wide, one should start with
what is available at a country scale. The problem can then be taken the other way round. What do we have
and how reliable is it?

Simple indices relying on good data and with stated limitation and subjectivity might be much more
efficient than complex ones that cannot be computed because of the lack of (reliable) data.

Taking this last philosophy, one can start with an inductive approach. The risk (expected human
losses) should be normalised by the quantity of population living in a country (or other given area), so that
comparisons can be derived between countries. In the risk there are three components: frequency of hazards,
population and vulnerability. The population is the easiest one, the risk will be function of the number of
people living in a given area: if nobody is living in a place then the risk is null and the vulnerability
irrelevant.

The frequency and severity of hazards may be computed based on historical datasets and modelled by
a spatial analysis using a Geographical Information system (GIS) for example. This will request extensive
generalisation and a large amount of data, which may not be always available.

The vulnerability may be approached following a more deductive method. Are there intrinsic forcing
functions for vulnerability such as quality of accesses, hospitals, solidity of habitat seems important, once
again purely on a deductive way. How can we reflect the global quality of infrastructures? The only available
figures may rely on the economic development, so Gross Domestic Product (GDP) may be useful to reflect
it. Other indicators could be incorporated such as the level of education, the capacity of response to a
hazards: but how to incorporate this without specific? And how to weight them in the process?

Once a selection of available indicators is made, a statistical analysis can be undertaken to identify
correlation.
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Table 7. Number of killed per million in relation
with GDP

The scatter plot in Table 7 delineates the
relationship between the GDP and the normalised
number of victims (victims per 100’000) seems to
follow a negative exponential function. The GDP
seems to have a great influence on the number of
victims but not in a linear way, unless Africa –
mostly affected by drought – is an exception.

After a rough exploratory of several combinations of ratio computed and correlated with the database
from Centre for research on the Epidemiology of Disasters (CRED), those that present the best correlation
with the normalised number of victim (number of victims per 100000) were the following:

Test Vulnerability Index 1 = Density of Population) / (Gross Domestic Product^3)
Correlation with the normalised number of victim is  r = 0.66

Test Vulnerability Index 2 = Density of Population) / (Gross Domestic Product^3*HDI)
This demonstrated that the Human Development Index is not adding information r = 0.64.

The demonstrated algorithms were tested on 50 countries and correlated with the database from
CRED. These vulnerability Indexes do not explain everything (66% for the best one) as the probability of
being hit by a natural hazard is not taken into account.

This is a first try, and most probably not be the best indicator: further extensive statistical analysis
conducted on all countries should be carried out. However, it shows that a simple index computed with
general information can have a significant correlation with factual figures such as the normalised number of
victims.

6. Principles for vulnerability mapping
The map showing vulnerability should reflect the probability of an event to occur as well as the

vulnerability.

Table 8: the Pelto Triangle In order to represent multiple variables, there are several
solutions:
Computing a ratio (or any index) between the variables.
Or displaying all the variables in different channel of
colour (three maximum). This method is called the
“Pelto Triangle”. For two variables a “rectangle of
Pelto” can be used.
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The map below indicates how Gross Domestic Product and Population
Density were represented in one layer.
The density of population varies in colour intensity, whereas the GDP
varies from four classes of hue ranging from yellow to purple.
The population density reflects the change of vulnerability within the
country. This adds finer information delineating vulnerability at a more
local level.

Hue

The colours represent both the density of population and the GDP. A country with a high GDP and
a low density of population has a low vulnerability (pale yellow). In the opposite a country with a
low GDP and a high density of population presents a high vulnerability (dark purple). On top of this
layer, one can add the events (here the tropical cyclone for 1998/99) or even better, the probability
of an event to occur. This method allows the visualisation of the risk for the population and avoids
the problem of weighting the different factors. The only subjectivity of the map lies in the choice of
colour (that highlight risk for population and not risk for investments and/or infrastructures) and the
choice of the classes for the population. The categories of GDP follow the 4 classes provided by the
World Bank.
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