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Introduction

The 21st century begins as the best
of times and the worst of times in the
history of contemporary disaster man-
agement. On the one hand, there are
clear signs of a shift in thinking away
from over-reliance on post-disaster

relief, recovery and reconstruction as
the main means of managing disas-
ters towards a more proactive para-
digm of managing the risk factors that
create disasters. On the other hand, a
continuing series of large-scale disas-
ters—the Indian Ocean tsunami of
26 December 20043, the floods in
New Orleans associated with Hurri-
cane Katrina in August 20054, the
South Asian earthquake of 8 October
20055, for example—adds to a grow-
ing trend in losses. Loss of life is pro-
portionally higher and the economic
impacts of disasters are proportionally
greater in developing countries. In dis-
aster-prone areas of the developing
world, recurrent losses continually
undermine development. 

This article argues that evidence of
risk factors and risk levels is key for
both promoting and enabling a transi-
tion from emergency to risk manage-
ment. Such evidence renders risk fac-
tors visible and allows them to be
addressed through socio-economic
development processes. We examine
the process by which evidence on the
causal factors of disasters can be cre-
ated. The article concludes with some
practical observations and recommen-
dations relevant for high-risk countries
concerning: 

• The role of evidence in supporting
risk management decisions;

• The importance of hydrometeoro-
logical hazards and the need for
high-quality hazard observations;
and 

• The technical expertise and close
collaboration among different disci-
plines required for risk analysis.

Background

The case for risk management as an
alternative to emergency manage-
ment is made by mounting disaster
losses. Losses could be stemmed if
the causal factors that lead to disas-
ters were more systematically identi-
fied and preventive actions taken. 

Currently, the frequency of disasters
associated with all types of major nat-
ural hazards is increasing, and disas-
ters associated with hydrometeoro-
logical hazards (cyclones, droughts
and floods) are increasing in fre-
quency faster than disasters associ-
ated with geophysical hazards (Guha-
Sapir et al ., 2004). Although the
number of victims per 100 000 inhabi-
tants has generally declined for upper
and upper-middle income countries in
recent decades, the numbers of vic-
tims in lower and lower-middle
income countries have held steady or
even increased (Guha-Sapir et al.,
2004). Moreover, economic losses—
insured and uninsured—have contin-
ued to cl imb (Munich Re Group,
2004).

Despite these mixed (or even nega-
tive) results, recent publications by
major organizations with global disas-
ter and humanitarian assistance man-
dates document an encouraging trend
in terms of how we think about the
disaster problem, increasingly advo-
cating a risk-management approach.
For example, in 2002, the Interna-
tional Federation of Red Cross and
Red Crescent Societies’ annual World
Disaster Report focused on disaster
risk reduction (IFRC, 2002). In 2004,
the International Strategy for Disaster
Reduction’s Living with Risk report
documented a large number of on-
going actions to manage disaster risks
globally (ISDR 2004).
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In the past two years, three new
reports have been published that pro-
vide evidence on global and regional
disaster risks. In 2004, the United
Nations Development Programme
released Reducing Disaster Risk, A
Challenge for Development (UNDP
2004). This report contains a Disaster
Risk Index (DRI), developed by the
United Nations Environment Pro-
gramme. The DRI measures relative
vulnerability of countries exposed to
cyclones, floods, drought and earth-
quakes. It demonstrates that some
countries experience higher levels of
mortality than others with similar
degrees of hazard exposure, and sug-
gests some explanatory vulnerability
factors that account for these differ-
ences.

Similarly, Natural Disaster Hotspots: A
Global Risk Analysis (Dilley et al.,
2005), documents relative risks of dis-
aster-related mortality and economic
losses associated with six major haz-
ards globally: cyclones, drought,
floods, landslides, earthquakes and
volcanoes. Risks of these two out-
comes are calculated on a 5 x 5 km
grid, based on the hazard exposure of
population and GDP and historical loss
rates stratified by region and country
wealth. The hotspots project was a
collaboration between the World Bank
and Columbia University with a num-
ber of international implementing part-
ners under the umbrella of the
ProVention Consortium.

The Inter-American Development
Bank and the National University of
Colombia in Manizales recently com-
piled a set of indicators for disaster
risk management in the Americas
(Cardona, 2005; IDEA, 2005). These
indicators reflect the extent to which
12 countries are financially prepared
for the maximum probable loss in a
major disaster, the degree of multi-
hazard vulnerability, the spatial disper-

sion of disaster risks and risk manage-
ment capacity.

Evidence-based risk management

A simple schema for disaster-risk
management is composed of three
areas: risk identification, risk reduction
and risk transfer (www.proventioncon-
sortium.org). Risk identification deals
with the factors that cause disasters,
namely: natural hazards; the exposure
of people, infrastructure and eco-
nomic activities to these hazards; and
the vulnerabilities that the exposed
elements may possess that cause
them to be damaged or lost when a
hazard strikes. 

Risk identification was acknowledged
as essential for reducing disaster
losses at the January 2005 World
Conference on Disaster Reduction
(ISDR, 2005). Risk reduction com-
prises actions that decrease the likeli-
hood or extent of losses. Risk transfer
involves the use of financial mecha-
nisms that allow risks to be shared
and redistributed (Kreimer et al.,
1999).

The role of evidence in risk-

management decision-making

Identification of disaster risk levels
and factors is crucial for preventing
losses. In the pre-disaster phase, evi-
dence on disaster risks and risk levels
can support the incorporation of disas-
ter risk reduction and transfer meas-
ures into development. After disas-
ters, evidence on risks can be used to
promote risk reduction and transfer as
part of recovery and reconstruction. In
both processes, risk identification pro-
vides the means of setting priorities,
developing risk management plans
and strategies, and evaluating the
specific policies and measures
needed to achieve an appropriate bal-

ance between risk minimization and
other development priorities.

After a disaster, the risk factors that
led to the losses—hazards, exposure
patterns and vulnerabilities—become
clear. The resulting losses can be
dealt with through post-emergency
management. Preventing such losses,
however, requires that the latent
causal factors that can lead to a disas-
ter be identified before a disaster
occurs, so that they can be reduced or
transferred away from the affected
population. One of the sad realities of
disaster and risk management is that,
very often, the main window of oppor-
tunity for risk management is in the
aftermath of a disaster. At such times,
the need for risk management is clear
and attention at all levels of society is
focused on the disaster problem. 

This means that risk managers have
two windows in which to act: before
disasters, through prevention and pre-
paredness; and after, during relief,
recovery and reconstruction. The
major difference is that, while the visi-
bility of disasters is high post-disaster,
the demands of the disaster response
make longer-term risk management
planning more difficult. Taking advan-
tage of the window of opportunity for
reducing risks in the aftermath of dis-
asters requires measures put in place
ahead of time that can be imple-
mented during recovery and recon-
struction. Otherwise, the imperative
to rapidly restore essential systems
may lead to reconstruction of the
same patterns of exposure and vul-
nerability that led to the disaster in the
first place, or even worse. 

Damage and losses during disasters
occur across all economic sectors.
Social sectors include health, educa-
tion and housing; productive sectors
include agriculture, livestock and
industry; infrastructure sectors include
roads, railways, water and sanitation
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systems, telecommunications and
electric power. Disaster losses in
these sectors can be either direct (i.e.
damages to assets) or indirect (i.e.
downstream losses due to damaged
or lost assets) (UNECLAC and the
World Bank, 2003). Preventing losses
requires assessing hazard exposure
and vulnerabilities within these sec-
tors—focusing on the geographic
areas where hazard events are most
likely to occur—and reducing the vul-
nerabilities that could lead to losses.
In the wake of a disaster, pre-identifi-
cation and preparation of vulnerability-
reducing measures can promote
adoption of these measures beginning
from the very first stages of recovery.

What constitutes evidence?

In the wake of a disaster, the hazard,
the vulnerabilities and the resulting
risks become apparent. Unrealized
risks associated with other hazards
may not be so visible, however. Many
disaster-prone areas are subject to
multiple hazards; the next disaster will
not always involve the same hazard as
the one before. One challenge of
post-disaster risk management is

simultaneously to avoid reducing the
risks of a recurrence of the last disas-
ter, while incorporating measures to
reduce the risks of the next. 

In the pre-disaster phase, the even
greater challenge is to make the latent
risk factors associated with all hazards
visible. This is often the more difficult
task, in the absence of a disaster
recent enough to capture the atten-
tion of the decision-makers.

In either case, the key to making the
risk factors visible enough so that
they can be acted upon is the creation
of evidence that disaster-causing fac-
tors are both present and dangerous.
Evidence to that effect helps disaster

risks compete for attention with other
pressing development priorities. Evi-
dence-based policy requires informa-
tion that is relevant, representative
and reliable (Solesbury, 2001). Meet-
ing those criteria requires a scientific
theory of disaster causality on which
rigorous methods can be based and
relevant data identified.

The most obvious causal factor in a
disaster is the hazard event. When a
tropical cyclone breaches a levee, it is
tempting to attribute the damage to
the pounding of the levee by the wind
and water alone. Yet the damage that
occurred in New Orleans following
Hurricane Katrina—first to the levee
and then to the city itself—had two
other, perhaps hidden, causes. 

The first of these is exposure. New
Orleans sits on the coast of the Gulf
of Mexico, at an elevation at or below
sea-level. Had the city been further
inland (or the hurricane not hit the
coast), the damage would have been
different, or non-existent. The second
is vulnerability. For years, planners in
New Orleans understood that, given
New Orleans’s exposure to hurri-
canes, the levees might not withstand
a Category 4 or 5 storm. Had the lev-
ees been strengthened, their vulnera-
bility to the storm would have been
reduced and the damage might not
have occurred. 
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Hazard type

Hydrometeorological

Geophysical

Frequency

7 369

1 172

Killed
(millions)

18

2

Affected
(millions)

5 723

103

Economic loss
(US$ billion)

866

320

Global disaster frequency and losses 1900-2004*

*EM-DAT: The OFDA/CRED International Disaster Database (www.em-dat.net), Université
catholique de Louvain, Brussels, Belgium



A complete explanatory theory of dis-
aster causality therefore includes both
hazard exposure and vulnerability.
Risks of losses are a product of these
two sets of causes. Evidence on vul-
nerability is particularly crucial for plan-
ning purposes, because reducing
exposure and/or vulnerability is gener-
ally the main means of reducing over-
al l  r isks. Such evidence may not
always be heeded; plans for raising the
levees in New Orleans stalled due to
lack of funding caused by US federal
budget cuts (“Why the levee broke”,
Will Bunch, 1 September 2005,
http://www.alertnet.org/story/24871).
But the consequences, when the evi-
dence is not heeded, underscore its
importance for decision-making. 

The main task of risk identification is
to assemble the necessary data on
hazard exposure and vulnerability and
integrate it with appropriate methods
to arrive at a scientifically grounded
explanation of the risks of potential
consequent losses. As hydrometeoro-
logical hazards are involved in the
majority of disasters globally, having
good data on climatic hazards and

associated vulnerabilities is particu-
larly important.

Hydrometeorological hazards

Disasters involving hydrometeorologi-
cal hazards are the most frequent and
geographically extensive globally and
account for the largest share of overall
disaster losses (see table below). Rel-
ative risks of disaster-related mortality
and economic losses associated with
drought and flooding in particular are
high across large areas of virtually
every inhabited continent (Dilley et al.,
2005). 

Climate changes associated with
global warming have the potential to
change regional hydrometeorological
hazard patterns. Such changes would
reveal new vulnerabilities and create
new global, national and local patterns
of risk. Given the pervasive nature of
hydrometeorological hazards and cur-
rent levels of vulnerability, keeping up
with these changes will require con-
tinuing and renewed commitment to
maintaining the basic data needed for

identifying and managing climate-
related risks.

Hazard events are characterized by
magnitude, duration, location and tim-
ing (Burton et al., 1993). Calculating
the probability of occurrence of hazard
events in terms of these characteris-
tics is the key task in fully document-
ing the hazard component of disaster
causality. These defining characteris-
tics provide a basis for extracting
information on hazard frequency and
severity from observational datasets.

The fundamental requirement is the
availability of, and access to, high-
quality historical meteorological and
hydrological data. This requires: 

• Ongoing, systematic and consistent
observations of hazard-relevant
hydrometeorological parameters;

• Quality assurance and proper archiv-
ing of the data into temporally and
geographically referenced and con-
sistently catalogued observational
datasets; and

• Ensuring that the data can be
located and retrieved by users. 

Since its establishment in 1950, one of
the core activities of WMO has been
the consolidation of general require-
ments for global Earth observations
and the coordination of consistent,
systematic and continuous collection
and archiving of hydrometeorological
observations. Furthermore, through
establishment of standards, guide-
lines and procedures for data collec-
tion, quality control, formatting, archiv-
ing and rescue, WMO has assisted
countries, through their National
Meteorological and Hydrological Ser-
vices, to enhance their capacity in this
area. 

WMO continues to work towards
ensuring consistent data quality and
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The power of a hurricane: ships and barges were swept up and left stranded on levees
when katrna made landfall on the US Gulf coast on 29 August 2005. (Photo: NOAA)



accessibility across national bound-
aries for the purpose of improving
risk-management capabilities at the
regional and subregional level.
Through the WMO Global Observing
System, operated by the National
Meteorological Services, data are col-
lected from 14 satellites, hundreds of
ocean buoys, thousands of aircraft
and ships and nearly 10 000 land-
based stations. More than 50 000
weather reports and several thousand
charts and digital products are dis-
seminated daily through the WMO
Global Telecommunication System,
which interconnects all meteorological
centres around the globe. The WMO
Global Data-processing and forecast-
ing System ensures cooperation by
world, regional and national centres to
process data and routinely provide
countries with analyses and meteoro-
logical forecasts—including of severe
events—supporting early warning
through national meteorological serv-
ices. 

Although significant progress has
been made in some countries, and
long historical records exist in some
cases, data in others are scarce and
variations in data quality are signifi-
cant. Furthermore, there remain
inconsistencies in the historical
records across national boundaries
and over time. 

At the national level, many challenges
remain, including: 

• The need for hydrometeorological
instrumentation;

• Data-collection and management
systems;

• Technical capacity and resources for
maintaining observational networks;

• Data rescue to translate massive
amounts of paper-based records
into digital form;

• Ongoing quality control to ensure
consistency and completeness of
the records;

• The capacity to archive large data-
bases’ and 

• Ensuring that the data is available to
all users. 

Development of these capacities
should be considered as an invest-
ment towards enhanced risk manage-
ment and socio-economic develop-
ment in disaster-prone countries.
Increasingly at the political level coun-
tries are recognizing the importance
of investing in hydrometeorological
data as a national resource, and are
consequently directing more
resources to their National Meteoro-
logical Services. Furthermore, the
international and regional develop-
ment community—including the
World Bank and regional development
banks—recognizes the critical contri-
bution of National Meteorological and
Hydrological Services and is increas-
ingly investing in strengthening their
capacities to be able to meet these
critical needs. 

Currently, renewed efforts are under-
way to address l imitations with
respect to data quality and consis-
tency, as well as availabil ity and
accessibility of relevant data for criti-
cal applications such as risk assess-
ment on regional and subregional
scales. The goal of the international
Group on Earth Observations (GEO)6

is to ensure comprehensive and sus-
tained Earth observations. This initia-
tive builds on and adds value to exist-
ing Earth observation systems by
coordinating their efforts, addressing
critical gaps, supporting interoperabil-

ity, sharing information, reaching a
common understanding of user
requirements and improving delivery
of information to users. This interna-
tional initiative aims to establish a
Global Earth Observation System of
Systems (GEOSS) over the next
decade. GEOSS is intended to
achieve comprehensive, coordinated
and sustained observations of the
Earth system in order to improve
monitoring of the state of the Earth,
increase understanding of its
processes, and enhance prediction of
its behaviour. GEOSS seeks to meet
the need for timely, quality, long-term
global information as a basis for sound
decision-making, and to enhance
delivery of benefits to society for nine
high-priority societal areas—of which
one is reducing loss of life and prop-
erty from natural and human-induced
disasters. 
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Governments that recognize the
importance of risk assessment can
commit themselves to addressing the
above-mentioned challenges by con-
tributing to GEOSS. Actions include
appropriate data-access policies and
legislation and measures to enhance
the institutional capacity and opera-
tional services of their technical agen-
cies such as the National Meteorologi-
cal and Hydrological Services.
Furthermore, through close national,
regional and international collabora-
tions and exchange of relevant data,
al l  countries can benefit from
enhanced understanding of the haz-
ards and their impacts, contributing to
hazard mapping and risk assessment
around the globe. In this way, organi-
zations dealing with hydrometeorolog-
ical data can further contribute to risk
identification, risk management and,
ultimately, the reduction of losses.

Expertise and collaboration 

requirements

To arrive at disaster risks, data on haz-
ards are used to estimate the likely
exposure of people, infrastructure and
economic activit ies. Once the
exposed elements have been identi-
fied, a more detailed exploration of
their vulnerabilities to the specific haz-
ards to which they are exposed can
be undertaken. 

Risk identification therefore involves a
range of physical and socio-economic
data and expertise. Obtaining and
integrating the required data and
achieving the required collaboration
among stakeholders, can be pursued
through a three-step process:

• Identifying and reviewing existing
disaster risk and loss information
products;

• Locating or developing the capacity
to generate and improve upon such
products;

• Understanding the status of risk
management decision-making
within the relevant domain and the
entry points for risk identification
input. 

Key or illustrative elements within
each area, as well as key information
resources, are summarized below.

Existing risk and loss information

products

Valuable information on risks can be
obtained from data on historical
losses. Internationally, the most com-
prehensive publicly accessible data-
base on global disaster losses is EM-
DAT (www.em-dat.net). EM-DAT
contains one entry per disaster, with
data on the date, location, type of haz-
ard, numbers of people killed and
affected and the information source.

At the regional level, a similar method-
ology, called DesInventar, has been
used to develop national-level data-

bases in Latin America and the
Caribbean (www.desinventar.org).
Pilot work applying DesInventar is
also under way in Asia.

In the process of inventorying infor-
mation resources on historical disas-
ter losses for use in identifying risks,
it is important to identify any data on
losses that may be maintained at the
national or state/province level. In
high-risk areas, if such data are not
being systematically collected and
maintained, a system for doing so
should be established as a priority.
Identifying the appropriate institutional
home for such a system is crucial.
Considerations include database sus-
tainability, institutional mandates and
credibility, capacity for rigorous data
verification and maintenance, and
open data access. Databases on dis-
aster losses should conform, as much
as possible, to international standards
such as those set by EM-DAT and
DesInventar.

Another important international stan-
dard is the GLobal disaster IDEntifier
(GLIDE) developed by the Asian Dis-
aster Reduction Center and partners
(www.glidenumber.net). GLIDE num-
bers provide a unique identifier for
each disaster (see footnotes 3-5
above). Use of GLIDEs allows disaster
events to be unambiguously identified
and data about specific disasters to be
verified across datasets. GLIDE num-
bers are routinely assigned to all dis-
aster tracked on Reliefweb
(www.reliefweb.int) by the United
Nations Office for the Coordination of
Humanitarian Affairs. GLIDE numbers
can also be assigned for disasters at
the national or subnational level.

An important consideration in the
establishment of national or local dis-
aster data inventories is that loss data
must be routinely and consistently
obtained, disaster after disaster. This
requires consistent application of rig-
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orous and comprehensive loss-
assessment methodologies. One
such method, for assessing economic
losses, was developed by ECLAC
(cited above). DesInventar can used to
inventory damage in real-time follow-
ing disaster events, and also permits
that information to be archived in a
geo-referenced, historical database.

Information on past losses provides
valuable information about the poten-
tial for future losses. In the case of
infrequently occurring hazards, such
as earthquakes, volcanic eruptions or
tsunamis, however, the recent past
may not be a good guide to the near
future. Furthermore, the 50-year flood
will ultimately be followed by the 100-
year flood, and so on. Therefore, it is
important to complement historical
loss information with analyses of risk,
based on hazardousness, exposure
and vulnerability as described above. 

The global and regional risk analyses
cited earlier provide limited risk infor-
mation about all countries. In high-risk
areas, additional, higher-resolution risk
assessment information may be avail-
able on national or local scales. It is
important to locate these larger-scale
studies if they exist and verify
whether they meet the criteria for evi-
dence described above.

Risk and loss estimation and 

documentation capacity

The quality and quantity of available
risk-identification products on national
and local scales is an indicator of risk-
assessment capacity. Creating and
updating these products require input
from a wide range of experts, to the
extent that risk-assessment products
can seldom be generated by a single
institution. Required inputs to a multi-
hazard risk assessment, for example,
include expertise on each hazard, the
elements at risk and the vulnerabilities

of those elements to each hazard.
Inputs include physical hazard data
and subnational, geo-referenced
socio-economic and demographic
data.

Undertaking to create or improve
existing risk assessments therefore
involves clarifying institutional roles,
responsibil it ies and comparative
advantages in producing and process-
ing the required information on risk
factors. Where critical capacity is lack-
ing, it may be necessary to draw on
international expertise to support and
enhance it. 

Entry points and capacity for 

risk reduction and transfer 

decision-making 

The relatively recent trend towards
risk management as an alternative to
disaster management has advanced
at different rates from one country or
context to the next. In many
instances, disasters may sti l l  be
thought of as an issue primarily of civil
defence. Yet, reducing and transfer-
ring disaster risks through a risk-man-
agement approach involves a range of
decisions across virtually all economic
sectors. Within a total risk-manage-
ment strategy, preparedness—an
important civil defence function—is
complemented by preparedness
within affected sectors, as well as by
long-term measures to prevent losses
through appropriate development poli-
cies and sector-specific risk reduction
measures.

When undertaking risk identification,
therefore, it is important to under-
stand and involve the specific actors
whose decisions the evidence gener-
ated through the analysis is intended
to support. These stakeholders are
not simply “users”, they are full part-
ners in the risk-identification exercise
and the decision options that they

identify dictate the specifications of
the products developed. Although the
capacity of these decision-makers to
effectively apply risk information is an
issue that goes beyond the scope of
risk identification itself, the ultimate
utility of the investment in risk identifi-
cation depends totally on the extent
to which it is effectively used for risk
management.
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