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Preface 
 

Disaster risk is not only associated with the occurrence of intense physical phenomenon but also 
with the vulnerability conditions that favour disasters when such phenomena occur. Vulnerability 
is intimately related to social processes in disaster prone areas and is usually related to the fragili-
ty, susceptibility or lack of resilience of the population when faced with different hazards. In oth-
er words, disasters are socio-environmental by nature and their materialization is the result of the 
social construction of risk. Therefore, their reduction must be part of decision making processes. 
This is the case not only with post disaster reconstruction but also with public policy formulation 
and development planning. In this regard, it is necessary to strengthen institutional development 
and stimulate investment in vulnerability reduction, in order to contribute to the sustainable de-
velopment of countries. In so doing, it is essential to promote knowledge about the levels of vul-
nerability and the society’s capacity to manage risk, in order to facilitate the efficient allocation 
of resources for improving risk management.  
 
The purpose of the Bank’s Disaster Risk Management Policy (GN-2354) is to guide the Bank’s 
efforts to assist its borrowers in reducing risks emanating from natural hazards and in managing 
disasters, in order to support the attainment of their social and economic development goals. In 
this regard and in order to enhance its sector dialogue with countries, in 2003 the Bank initiated 
the preparation of a System of Indicators of Disaster Risk and Risk Management, that is repre-
sentative, robust, easily understood by public policymakers, relatively simple to update periodi-
cally; and that allow comparative analysis among countries. Through the technical cooperation 
ATN/JF-7906/07-RG, financed with resources of the Japan Special Fund of the Inter-American 
Development Bank (IDB), the Bank contracted the Institute of Environmental Studies (IDEA in 
Spanish) of the National University of Colombia, Manizales, which, under the leadership of Dr. 
Omar Dario Cardona, developed the methodology and applied the Indicators to 12 countries us-
ing data for the period 1985 to 2000. In 2008, a methodological review and updating of the indi-
cators were conducted through the technical cooperation: Application and Update of the Indica-
tors of Disaster Risk and Risk Management (RG-T1579/ATN/MD-11238-RG), financed with 
resources from the Multidonor Disaster Prevention Trust Fund of the Bank.  
 
This Technical Note presents the Indicator of Disaster Risk and Risk Management updated for the 
following borrowing member countries; Argentina, Barbados, Bolivia, Chile, Colombia, Costa Ri-
ca, Ecuador, El Salvador, Guatemala, Honduras, Jamaica, Mexico, Nicaragua, Panama, Peru, Do-
minican Republic, and Trinidad and Tobago. The Risk Indicators represent a contribution to know-
ledge and awareness within the Bank and among its borrowing member countries of the importance 
of disaster risk management for development. We anticipate that these indicators will assist in inte-
grating disaster risk management into the Bank’s country programming, as well as project prepara-
tion, monitoring and evaluation exercises. We also expect that this tool will be of use to relevant 
officials in central and local governments as well as international development agencies, for policy 
and investment decision-making. 
  

Hector Malarin 
Chief, INE/RND 



FOREWORD 
 
Disaster risk is not only associated with the occurrence of intense physical phenomenon but also 
with the vulnerability conditions that favour or facilitate disaster when such phenomenon occur. 
Vulnerability is intimately related to social processes in disaster prone areas and is usually related 
to the fragility, susceptibility or lack of resilience of the population when faced with different 
hazards. In other words, disasters are socio-environmental by nature and their materialization is 
the result of the social construction of risk. Therefore, their reduction must be part of decision 
making processes. This is the case not only with post disaster reconstruction but also with public 
policy formulation and development planning. Due to this, institutional development must be 
strengthened and investment stimulated in vulnerability reduction in order to contribute to the 
sustainable development process in different countries.                                                                  
 
In order to improve disaster risk understanding and disaster risk management performance a 
transparent, representative and robust system of indicators, easily understood by public 
policymakers, relatively easy to update periodically and that allow cluster and comparison between 
countries was developed by the Institute of Environmental Studies (IDEA in Spanish) of the 
National University of Colombia, Manizales. This system of indicators was designed between 2003 
and 2005 with the support of the Operation ATN/JF-7906/07-RG “Information and Indicators 
Program for Disaster Risk Management” of the Inter-American Development Bank (IDB).  
 
The first phase of the Program of Indicators IDB-IDEA involved the methodological develop-
ment, the formulation of the indicators and the evaluation of twelve countries from 1985 to 2000. 
Afterwards of two additional countries were evaluated with the support of the Policy Regional 
Dialogue on Natural Disasters. In 2008 a methodological review and the updating of the indica-
tors for twelve countries was made in the framework of the Operation RG-T1579/ATN/MD-
11238-RG. Indicators were updating to 2005 and for the most recent date according to informa-
tion availability (2007 or 2008) for Argentina, Bolivia, Chile, Colombia, Ecuador, Jamaica, Mex-
ico, Peru, Dominican Republic and Trinidad and Tobago1. In addition, Barbados and Panama 
were included in the program.  This report has been made using –with some adjustments that in 
each case are referenced– the methodologies formulated in the first phase of the Program of Indi-
cators IDB-IDEA2. 
 
The system of indicators, abovementioned, attempts risk and vulnerability benchmarking using 
relative indicators in order to facilitate access to relevant information by national level decision 
makers which facilitates the identification and proposal of effective disaster risk management 
policies and actions. Their underlying models search to represent risk and risk management at a 
national scale, allowing the identification of its essential economic and social characteristics and a 
comparison of these aspects and the risk context in different countries. The proposed system of 
indicators permits the benchmarking of the evaluations of each country in different periods. It 

                                                 
1 Last period, in general, is considered tentative or preliminary because usually, most recent values are not totally confirmed and it 
is common it that some of them change, such as has been verified in this updating with values that were used in the previous 
evaluation (2005).  
2 More information and details of methodologies can be found in IDEA (2005). “System of Indicators of Disaster Risk and Risk 
Management: Main Technical Report”. Program of Indicators for Disaster Risk and Risk Management IDB-IDEA, Universidad 
Nacional de Colombia, Manizales. http://idea.unalmzl.edu.co 



assists the move toward a more analytically rigorous and data driven approach to risk management 
decision-making. This measurement approach enables: 
 
 Representation of disaster risk at the national level, allowing the identification of key issues 

relating to their characterization from an economic and social point of view.  
 Risk management performance benchmarking of the different countries to determine 

performance targets for improving management effectiveness. 
 
Due to a lack of parameters, the need to suggest some qualitative indicators measured on subjective 
scales is unavoidable. This is the case with risk management indicators. The weighting or 
pondering of some indices has been undertaken using expert opinion and informants at the national 
level. Analysis has been achieved using numerical techniques that are consistent from the 
theoretical and statistical perspectives3.  

 
The indicators are designed to generate knowledge and awareness within the IDB and among 
borrowing governments of the importance of disaster risk management for development. We an-
ticipate that these indicators will assist in integrating disaster risk management into the Bank’s 
country programming and portfolio management exercises. We also expect that this tool will be 
of use to government officials in sector ministries as well as local governments, and international 
development agencies. 
 

Omar D. Cardona 
ERN-AL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
3 This report presents only the updated or new results for the countries and there will be not found detailed methodological expla-
nations because they are not the scope of this report. Information related to the methodology and the previous results of the sys-
tem of indicators can be found at: http://idea.unalmzl.edu.co, where details on conceptual framework, methodological support, 
data treatment and statistical techniques used in the modelling are presented (Cardona et al 2003a/b; 2004 a/b; Cardona 2005, 
2008; IDEA 2005). 
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Overview 
 
Disaster risk management requires measuring 
risk to take into account not only the expected 
physical damage, victims and economic equiva-
lent loss, but also social, organizational and 
institutional factors. The difficulty in achieving 
effective disaster risk management has been, in 
part, the result of the lack of a comprehensive 
conceptual framework of disaster risk to facili-
tate a multidisciplinary evaluation and interven-
tion. Most existing indices and evaluation tech-
niques do not adequately express risk and are 
not based on a holistic approach that invites 
intervention. 
 
The various planning agencies dealing with the 
economy, the environment, housing, infrastruc-
ture, agriculture, or health, to mention but a few 
relevant areas, must be made aware of the risks 
that each sector faces. In addition, the concerns 
of different levels of government should be 
addressed in a meaningful way. For example, 
risk is very different at the local level (a com-
munity or small town) than it is at the national 
level. If risk is not presented and explained in a 
way that attracts stakeholders’ attention, it will 
not be possible to make progress in reducing 
the impact of disasters. 
 
Risk is most detailed at a micro-social or terri-
torial scale. As we aggregate and work at more 
macro scales, details are lost. However, deci-
sion-making and information needs at each 
level are quite different, as are the social actors 
and stakeholders. This means that appropriate 
evaluation tools are necessary to make it easy 
to understand the problem and guide the deci-
sion-making process. It is fundamentally im-
portant to understand how vulnerability is gen-
erated, how it increases and how it builds up. 
Performance benchmarks are also needed to 
facilitate decisionmakers’ access to relevant 
information as well as the identification and 
proposal of effective policies and actions. The 
Disaster Risk Management Indicators Program 

meets this need. The system of indicators pro-
posed in this paper permits a systematic and 
quantitative benchmarking of each country dur-
ing different periods between 1980 and 2000, 
as well as comparisons across countries. It also 
provides a more analytically rigorous and data 
driven approach to risk management decision-
making. This system of indicators enables the 
depiction of disaster risk at the national level, 
allowing the identification of key issues by 
economic and social category. It also makes 
possible the creation of national risk manage-
ment performance benchmarks in order to es-
tablish performance targets for improving man-
agement effectiveness.  
 
The system describes a series of risk factors 
that should be reduced through public policies 
and actions to reduce vulnerability and maxim-
ize the resilience and coping capacity of the 
population. The risk factors are generally 
represented by indicators available in interna-
tional databases. Lack of data in some cases 
makes it necessary to also propose more sub-
jective qualitative indicators. In the case of risk 
management indicators, some indices are 
weighted using national experts to provide opi-
nions and information. Each index was derived 
on the basis of current theory and statistical 
techniques, and has a number of empirical va-
riables associated with it. The choice of va-
riables was driven by a number of factors, in-
cluding: country coverage, the soundness of the 
data, direct relevance to the phenomenon that 
the indicators are intended to measure, and 
quality. Direct measures were used wherever 
possible, although proxies had to be used in some 
cases. In general, the variables used are those that 
have extensive country coverage; however, in 
some cases more narrow variables are used if 
they measure critical aspects of risk that would 
otherwise be overlooked. 
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Introduction
  
A System of Indicators for  
Disaster Risk Management 
 
Risk is not only associated with the occurrence 
of intense physical phenomena, but also with 
the vulnerability conditions that favor or facili-
tate disasters when these phenomena occur. 
Vulnerability is intimately related to social 
processes in disaster prone areas and is also 
usually related to the fragility, susceptibility or 
lack of resilience of the population when faced 
with various hazards. In other words, disasters 
are socio-environmental by nature and their 
occurrence is the result of socially created risk. 
This means that in order to reduce disaster 
risk, society must embark in a decision-
making processes. This process is not only 
required during the reconstruction phase im-
mediately following a disaster, but should also 
be a part of overall national public policy for-
mulation and development planning. This, in 
turn, requires institutional strengthening and 
investments in reducing vulnerability. 
 
All types of risk management capabilities need 
to be strengthened in order to reduce vulnera-
bility. In addition, existing risks and likely 
future risks must also be identified. This can-
not be accomplished without an adequate 
measure of risk and monitoring to determine 
the effectiveness and efficiency of corrective 
or prospective intervention measures to miti-
gate or prevent disasters. The evaluation and 
follow-up of risk is needed to make sure that 
all those who might be affected by it, as well 
as those responsible for risk management are 
made aware of it and can identify its causes. 
To this end, evaluation and follow up must be 
undertaken using methods that facilitate an 
understanding of the problem and that can 
help guide the decision-making process. 
 
The methodology proposed in this report meas-
ures risk and vulnerability using relative indica-

tors at the national level. The aim is to provide 
national decisionmakers with access to the in-
formation that they need to identify risk and 
propose adequate disaster risk management 
policies and actions. The proposed system of 
indicators allows for the identification of eco-
nomic and social factors that affect risk and risk 
management, as well as the international com-
parison of these factors. 
 
To make sure that this methodology is easy to 
use, it must include a limited number of ag-
gregate indicators that will be of use to poli-
cymakers. While this methodology is national 
in nature, the research also evaluated subna-
tional and urban data using a similar concep-
tual and methodological approach in order to 
illustrate the application of this model at the 
regional and local levels.  The goal of this re-
search program was to adjust the methodology 
and apply it to a wide range of countries in 
order to identify analytical factors (economic, 
social, resilience, etc.) to carry out an analysis 
of the risk and risk management conditions in 
those countries. The integrated system detailed 
in this report allows a holistic, relative and 
comparative analysis of risk and risk manage-
ment (Cardona 2001, 2004, 2010). In accor-
dance with program requirements, this metho-
dology is expected to have three major im-
pacts at the national level. 
 
First, it should lead to an improvement in the 
use and presentation of information on risk. 
This will assist policymakers in identifying 
investment priorities to reduce risk (such as 
prevention and mitigation measures), and di-
rect the post disaster recovery process. 
 
Second, the methodology provides a way to 
measure key elements of vulnerability for 
countries facing natural phenomena. It also 
provides a way to identify national risk man-
agement capacities, as well as comparative 
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data for evaluating the effects of policies and 
investments on risk management. 
 
Third, application of this methodology should 
promote the exchange of technical information 
for public policy formulation and risk man-
agement programs throughout the region. 
 
In addition, the research program is expected 
to help fill an important information gap for 
national decisionmakers in the financial, eco-
nomic, environmental, public health, territorial 
organization, and housing and infrastructure 
sectors. The methodology provides a tool for 
monitoring and promoting the development of 
risk management capacities. Because the data 
is comparable across countries, it will make it 
possible for policymakers to gauge their coun-
try’s relative position and compare their evolu-
tion over time. Finally, the results of the Dis-
aster Risk Indicators Program yield a tool that 
the IDB can use to guide its policy dialogue 
and assistance to member countries. It also 
contributes to the Bank’s Action Plan and, in 
particular, to promoting the “evaluation of 
methods available for estimating risk, estab-
lishing indicators of vulnerability and vulnera-
bility reduction and stimulating the production 
and diffusion of wide-ranging information on 
risks.” It is also related to an IDB strategic 
area; namely, it provides information on risks 
in order to facilitate decision-making (Clarke 
and Keipi, 2000). 
 
A Measurement Approach Based  
on Composite Indicators 
 
Creating a measurement system based on com-
posite indicators is a major conceptual and 
technical challenge, which is made even more 
so when the aim is to produce indicators that 
are transparent, robust, representative, replica-
ble, comparable, and easy to understand. All 
methodologies have their limitations that reflect 
the complexity of what is to be measured and 
what can be achieved. As a result, for example, 
the lack of data may make it necessary to ac-

cept approaches and criteria that are less exact 
or comprehensive than what would have been 
desired. These trade-offs are unavoidable 
when dealing with risk and may even be con-
sidered desirable. Based on the conceptual 
framework developed for this program (Car-
dona et al., 2003a), a system of risk indicators 
is proposed that represents the current vulne-
rability and risk management situation in each 
country. The indicators proposed are transpa-
rent, relatively easy to update periodically, and 
easily understood by public policymakers. 
Four components or composite indicators have 
been designed to represent the main elements 
of vulnerability and show each country’s 
progress in managing risk. The four indicators 
are the Disaster Deficit Index (DDI), the Local 
Disaster Index (LDI), the Prevalent Vulnera-
bility Index (PVI), and the Risk Management 
Index (RMI). 
 
The Disaster Deficit Index measures country 
risk from a macroeconomic and financial 
perspective according to possible catastrophic 
events. It requires the estimation of critical 
impacts during a given period of exposure, as 
well as the country’s financial ability to cope 
with the situation. 
  
The Local Disaster Index identifies the social 
and environmental risks resulting from more 
recurrent lower level events (which are often 
chronic at the local and subnational levels). 
These events have a disproportionate impact 
on more socially and economically vulnerable 
populations, and have highly damaging im-
pacts on national development.  
 
The Prevalent Vulnerability Index is made up 
of a series of indicators that characterize pre-
valent vulnerability conditions reflected in 
exposure in prone areas, socioeconomic weak-
nesses and lack of social resilience in general. 
 
The Risk Management Index brings together a 
group of indicators that measure a country’s 
risk management performance. These indica
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tors reflect the organizational, development, 
capacity and institutional actions taken to re-
duce vulnerability and losses, to prepare for 
crisis and to recover efficiently from disasters. 
 
The system of indicators covers different areas 
of the risk problem, taking into account issues 
such as: potential damages and losses resulting 
from extreme events; recurrent disasters or 
losses; social and environmental conditions 
that make particular countries or regions more 
disaster prone; the capacity of the economy to 
recover; the operation of key services; institu-
tional capacity and the effectiveness of basic 
risk management instruments (such as risk 
identification, prevention and mitigation 
measures, financial mechanisms and risk 
transfer); emergency response levels; and pre-
paredness and recovery capacity.  
 
The Disaster Deficit Index relates assumed 
(deductive) indicators and depends on the sim-
ple modeling of physical risk as a function of 
the occurrence of a potentially extreme hazard 
(scientific prediction). The Local Disaster In-
dex relies on indicators of past events with dif-
ferent impact levels (history). The Prevalent 
Vulnerability and the Risk Management indices 
are composites derived by aggregating quan-
titative and qualitative indicators. The indices 
were constructed using a multi-attribute tech-
nique and the indicators were carefully related 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and weighted. The indicators and the variables 
used in their construction were chosen through 
an extensive review of the risk management 
literature, assessment of available data, and 
broad-based consultation and analysis. The 
program reports listed in the bibliography detail 
the conceptual framework, the methodology, 
and the treatment of the data and statistical 
techniques used in the modeling (Cardona et 
al., 2003a, 2003b, 2004a, 2004b and 2005).4 

This system of indicators has been designed to 
permit measurement and monitoring over 
time, and to identify risks and their causes. Its 
aim is also to facilitate comparisons across 
countries by using criteria related to hazard 
levels and the socioeconomic conditions that 
affect vulnerability. This system of indicators 
provides a holistic approach to evaluation that 
is also flexible and compatible with other eval-
uation methods. As a result, it is likely to be 
increasingly used to measure risk and risk man-
agement conditions. The systems main advan-
tage lies in its ability to disaggregate results and 
identify factors that should take priority in risk 
management actions, while measuring the ef-
fectiveness of those actions. The main objective 
is to facilitate the decision-making process. In 
other words, the concept underlying this me-
thodology is one of controlling risk rather than 
obtaining a precise evaluation of it (physical 
truth), (Cardona 2001; Carreño 2006). 

                                                 
4 See also http://idea.unalmzl.edu.co 



 
4 

 

The Disaster Deficit Index (DDI)  
 

This index measures the economic loss that a 
particular country could suffer when a cata-
strophic event takes place, and the implications 
in terms of resources needed to address the sit-
uation. Construction of the DDI requires under-
taking a forecast based on historical and scien-
tific evidence, as well as measuring the value of 
infrastructure and other goods and services that 
are likely to be affected. In order to do this, we 
must define an arbitrary reference point in 
terms of the severity or periodicity of danger-
ous phenomena. Objective modeling must take 
into account existing information and know-
ledge gaps and restrictions. The DDI captures 
the relationship between the demand for con-
tingent resources to cover the losses caused by 
the Maximum Considered Event (MCE),5 and 
the public sector’s economic resilience (ER) - 
that is, the availability of internal and external 
funds for restoring affected inventories.  
 
 
 
 
Estimating Probable Losses 
 
Potential losses were calculated using a model 
that takes into account different hazards 
(which are calculated in probabilistic form 
according to historical data on the intensity of 
past phenomena) and the actual physical vul-
nerability of the elements exposed to such 
phenomena. This analytical and predictive 
model is not based on historical measures of 
losses (deaths and number of people affected), 
but rather on the intensity of the phenomena. 
Actuarial requirements imply that we must 
avoid making estimates of risk based on pre-
vious damage statistics over short time pe-

                                                 
5 This model follows the insurance industry in establish-
ing a reference point (the Probable Maximum Loss, 
PML) for calculating potential losses (ASTM, 1999; 
Ordaz, 2002). 

riods. Modeling must be done by inference, by 
evaluating the likelihood of high-impact, low-
probability events, as well as the vulnerability 
of infrastructure and other elements that are 
exposed to hazard (see Cardona et al., 2004a, 
2004b and 2005, for additional details of the 
technical bases of the models used). 
 
MCE has been defined with an arbitrary return 
period (we used three scenarios) as the worst 
situation, which requires feasible corrective or 
prospective planning actions to mitigate it in 
order to reduce potential negative effects for 
each country or subnational unit under study. 
The economic loss or demand for contingent 
resources (the numerator of the index) is ob-
tained from modeling the potential impact of 
the MCE for three return periods: 50, 100 and 
5006 years, whose probability during any 10 
years exposure period is 18 percent, 10 percent 
and 2 percent, respectively.   
 
A particularly useful indicator for risk assess-
ment is the expected annual loss, Ly

P, which is 
defined as the expected loss value in any one 
year. It is also known as the pure or technical 
premium. This value is equivalent to the an-
nual average investment or saving that a coun-
try would have to make in order to approx-
imately cover losses associated with future 
major events (Cardona et al 2008). 
 
Resources Potentially Available  
to the Government 
 
ER (the denominator of the index) represents 
internal and external resources that were avail-

                                                 
6 Most existing construction codes are based on the 
maximum possible intensity of events in approximately 
a 500 year time period. Particularly important infra-
structure are designed for maximum intensity events of 
several thousand years. However, the majority of build-
ings and public works constructed in the twentieth cen-
tury have not been designed to withstand such events. 

esilienceREconomic

LossMCE
DDI 
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able to the government when the evaluation 
was undertaken. However, access to these re-
sources has limitations and costs that must be 
taken into account. Seven constraints are ex-
plicitly taken into consideration in this study: 

 Insurance and reinsurance payments for 
insured government-owned goods and in-
frastructure; 

 Disaster reserve funds; 
 Public, private, national or international 

aid and donations; 
 New taxes; 
 Budgetary reallocations, which usually 

corresponds to the margin of discretional 
expenses available to the government; 

 External credit that the country could ob-
tain from multilateral organizations and in 
the external capital market; and  

 Internal credit the country may obtain 
from commercial banks as well as the cen-
tral bank.  

The DDI captures the relationship between the 
demand for contingent economic resources to 
cover the economic losses that the public sec-
tor must assume, and the nation’s economic 
resilience, that is, its ability of generate inter-
nal and external funds to replace the affected 
infrastructure and goods. A DDI greater than 
1.0 reflects the country’s inability to cope with 
extreme disasters even by going into as much 
debt as possible. The greater the DDI, the 
greater the gap between losses and the coun-
try’s ability to face them. Government respon-
sibility was restricted to the sum of losses as-
sociated with public sector buildings and hous-
ing for the lowest income population. 
 
The current report presents the comparison of 
results for eighteen countries7: Argentina, 
Barbados, Belize, Bolivia, Chile, Colombia, 
Costa Rica, Dominican Republic, Ecuador, El 
                                                 
7 Some countries have been evaluated in the framework 
of CAPRA (Central America Probabilistic Risk As-
sessment, available at www.ecapra.org) and the coun-
try-specific catastrophe risk reports of Guatemala, El 
Salvador, Belize, and Honduras developed by the IDB. 

Salvador, Guatemala, Honduras, Jamaica, 
Mexico, Nicaragua, Panama, Peru and Trini-
dad and Tobago.  
 
DDI for 2008 was calculated with the most 
recent available information. Regarding to the 
exposed values, references of built areas and 
their value are established according to the 
existent statistical information and the proxies 
made by the consultant group respectively. 
Likewise, the economic resilience (denomina-
tor of the index) was estimated in terms of 
GDP percentage for each fund, taking as refer-
ence the economic information available for 
2006 and 2007 due to gaps in the information 
that has not been incorporated in the database. 
 
Results of the countries in this summary ver-
sion present some differences in comparison 
with the previous results (Cardona 2005, 
2008) due to improvements have been made in 
the proxy of exposed goods of the countries, 
and, on the other hand, because some indica-
tors related with the funds of the ER were ad-
justed in the original databases. Likewise, in 
some cases new data and information sources 
of the Economic Commission for Latin Amer-
ica and the Caribbean (ECLAC) and the IDB 
(Latin Macro Watch Country Tables) have 
been used. The previous version took into ac-
count values of national governments and, 
within public corporations, non-financial pub-
lic sector, nevertheless in some cases this in-
formation was incomplete. The report of each 
country contains a detailed description of these 
considerations. 
 
The left side of figure 1 shows the DDI in 2008 
calculated for an MCE with 500 years of return 
period (2 percent probability of occurrence in 
ten years). The right side of the figure shows 
the maximum loss, L, for the government dur-
ing the same period. Figure 2 shows the Disas-
ter Deficit Index and potential losses when 
faced with an event with 100 years of return 
period (10 percent probability of occurrence in 
ten years).  
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Figure 1. DDI and Probable Maximum Loss in 500 Years 
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Figure 2. DDI and Probable Maximum Loss in 100 Years 
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Figure 3. DDI and Probable Maximum Loss in 50 Years 
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Figure 3 shows the DDI and potential losses 
when faced with an event with 50 years of re-
turn period (18 percent probability of occur-
rence in ten years). The results, calculated for 
2008, indicate that although maximum probable 
losses of Honduras (HND), Belize (BLZ), Nica-
ragua (NIC) and Barbados (BRB) are relatively 
lower than the losses of Colombia (COL), Peru 
(PER) and Mexico (MEX), DDI of those coun-
tries is excessively high for the three return pe-
riods. On the other hand, Chile (CHL), MEX, 
Argentina (ARG), Trinidad and Tobago (TTO) 
and Costa Rica (CRI) have the capacity to cover 
the losses due to a low probability/high conse-
quences extreme event. In the case of lower 
impact events, for a 100 years return period, 
ARG, CHL, TTO,MEX, Bolivia (BOL) , COL, 
CRI, Jamaica (JAM) and Ecuador (ECU) could 

access to resources that allow covering losses of 
the public sector and the low-income popula-
tion, although it can be observed considerable 
losses in MEX, COL and ECU. Peru stands out 
from the other countries due to the great magni-
tude of losses that can present in the three return 
years evaluated.  
 
To help place the Disaster Deficit Index in con-
text, we’ve developed a complementary indica-
tor, DDI’, to illustrate the portion of a country’s 
annual Capital Expenditure (CE) that corres-
ponds to the expected annual loss or the pure 
risk premium. That is, DDI’ shows the percen-
tage of the annual investment budget that would 
be needed to pay for future disasters. The left 
side of figure 4 shows the DDI’CE for 2008. The 
right side shows the annual expected loss, Ly. 
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These indices were calculated evaluating losses 
in current US dollars for 2008.  Results obtained 
for 2008 indicate that although annual average 
loss in HND, BLZ, BRB GTM and NIC are 
relatively lower than annual average loss in 

PER, MEX, COL and ECU, DDI’ due to capital 
expenditures are very high; that is, the annual 
cost of future disasters represents 29.8%, 
14.0%, 11.8%, 9.5% and 8.1% of capital in-
vestment respectively. 

 

Figure 4. DDI’ and Annual Average Loss 
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In the case of PER, the annual average loss is 
the highest compared with the other countries 
evaluated and this represents the 16.2% of the 
capital investment in the country. Eight coun-
tries have values greater than 7 percent of 
investment budget. 
 
These indicators provide a simple way of mea-
suring a country’s fiscal exposure and potential 
deficit (or contingency liabilities) in case of an 
extreme disaster. They allow national deci-

sionmakers to measure the budgetary implica-
tions of such an event and highlight the impor-
tance of including this type of information in 
financial and budgetary processes (Freeman et 
al., 2002b). These results substantiate the need 
to identify and propose effective policies and 
actions such as, for example, using insurance 
and reinsurance (transfer mechanisms) to pro-
tect government resources or establishing re-
serves based on adequate loss estimation crite-
ria. Other such actions include contracting con 
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tingency credits and, in particular, the need to 
invest in structural (retrofitting) and nonstruc-
tural prevention and mitigation to reduce poten-
tial damage and losses as well as the potential 
economic impact of disasters.  
 
Figure 5 to 8 present the comparison of the re-
sults of the DDI and the DDI’CE, estimated for 
all evaluated countries for which the required 
information was possible to obtain. Results for 
the three return periods (50, 100 and 500) for 
1995, 2000, 2005 and 2008 are included. The 

situation has been improving in most countries 
over time on exception of BRB, BLZ, Domini-
can Republic (DOM), HND and NIC. This has 
been due to changes not only in exposition and 
vulnerability but mainly due to lower accessibil-
ity to feasible resources. Details on each specif-
ic situation are described in the report of each 
country. Barbados and Honduras do not have 
available data on the required variables in the 
international databases for 1995 and it was not 
possible to obtain them directly from the gov-
ernments.

 
Figure 5. DDI (Tr 50 years) 
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Figure 6. DDI (Tr 100 years) 
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Figure 7. DDI (Tr 500 years) 
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Figure 8. DDI’CE 
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The Local Disaster Index (LDI)  
 

This index represents the propensity of a coun-
try to experience small-scale disasters and their 
cumulative impact on local development. The 
index attempts to represent the spatial variabili-
ty and dispersion of risk in a country resulting 
from small and recurrent events. This approach 
is concerned with the national significance of 
recurrent small scale events that rarely enter 
international, or even national, disaster databas-
es, but which pose a serious and cumulative 
development problem for local areas and, more 
than likely, also for the country as a whole. 
These events may be the result of socio-natural 
processes associated with environmental dete-
rioration (Lavell, 2003a; Lavell, 2003b) and are 
persistent or chronic in nature. They include 
landslides, avalanches, flooding, forest fires, 
and droughts as well as small earthquakes, hur-
ricanes and volcanic eruptions. 
 
For the purposes of this study, we classified 
the various types of events registered in the 
DesInventar database8 into six phenomena: 
geodynamic (internal and external), hydrolog-
ical, atmospheric, technological, and biologi-
cal (Cardona et al., 2004a, 2004b, 2005). To 
further simplify, external geodynamic pheno-
mena are referred to as landslides and debris 
flows, whereas internal geodynamic phenome-
na are referred to as seismo-tectonic. Hydro-
logical and atmospheric phenomena were 
grouped and are referred to as floods and 
storms. Finally, technological and biological 
phenomena are simply referred to as other 
events. In addition, the database was standar-
dized to take into account three variables: i) 
the number of deaths, ii) the number of people 
affected by the events, and iii) direct losses 
(that is, the economic value of housing and 
crops lost or damaged) for the four types of 

                                                 
8 The database was put together by La Red de Estudios 
Sociales en Prevención de Desastres de América Latina 
(La RED). 

event. The database also combines disaggre-
gated data for the number of people affected by 
disasters with that for people left homeless. The 
reason for doing this is that in some countries 
both designation depict the same thing. De-
stroyed and affected housing are also aggre-
gated; an “affected” house is equivalent to one-
quarter of a destroyed house. The cost of re-
building destroyed houses is taken to be the 
average cost of a social housing unit during 
the period of analysis. The value of one hec-
tare of crops was calculated on the basis of the 
weighted average price of crop areas that are 
usually affected by disasters, taking into ac-
count expert opinion in the country at the time 
of analysis. 
 
The LDI is equal to the sum of three local dis-
aster subindicators that are calculated based on 
data from the DesInventar database for num-
ber of deaths (K), number of people affected 
(A) and economic losses (L) in each munici-
pality. 
 

LossesAffectedDeaths LDILDILDILDI   

 
The Local Disaster Index captures simultane-
ously the incidence and uniformity of the 
distribution of local effects. That is, it accounts 
for the relative weight and persistence of the 
effects attributable to phenomena that give rise 
to municipal scale disasters. The higher the 
relative value of the index, the more uniform the 
magnitude and distribution of the effects of 
various hazards among municipalities. A low 
LDI value means low spatial distribution of the 
effects among the municipalities where events 
have occurred. The range of each LDI is from 0 
to 100 and the total LDI is the sum of the three 
components. A low LDI value (0-20) means 
high concentration of small disasters in few 
municipalities and a low spatial distribution of 
their effects between the municipalities where 
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they had taken place. Medium LDI values (20-
50) means small disasters concentration and 
distribution of their effects are intermediate; 
high LDI values (from 50 onward) indicate that 
the majority of municipalities suffer small 
disasters and their effects are similar in all 
affected municipalities. High values reflect 
vulnerability and hazards are generalized in the 
territory. 
 
Original methodological formulation of the LDI 
(IDEA, 2005) enclosed the effects of all the 
events (both small and big) occurred in the 
country; that is, both effects of small and 
frequent events and extreme and sporadic 
events. From the moment that evaluation was 
made, it was considered that reflecting the 
influence of extreme events was not the 
objective of this indicator. A recommendation 
for a further evaluation, as current, was to take 
into account only the small events. Thus, this 
updating excludes extreme events from the 
database through statistical identification of 
outliers. Likewise, a standardization process 
was made for obtaining a minimum and a 
maximum value for the Persistence Indices (IP) 
that makes part of LDI calculations. Conse-
quently, this formulation allows clearly identify 
what type of events has the greater incidence 
and regularity in municipalities of the country 
(Marulanda and Cardona, 2006; Marulanda et al 
2008, 2009a). 
 
In a complementary way, it has been formulated 
the LDI’ that measures the concentration of 
aggregate losses at municipal level. Its value is 
between 0.0 and 1.0. A high LDI’ value means 
high economic losses concentration due to small 
disasters in few municipalities. For example, an 
LDI’ equal to 0.80 and 0.90 means that 
approximately 10% of municipalities of the 
country concentrates approximately 70% and 
80% respectively of the losses that have taken 
place due to small disasters in the country. 
Calculation of LDI and LDI’ was made again 
for all the previous periods given that the 
extreme events were extracted from the 

database. Likewise minor adjustments were 
made to the analytical formulation of the LDI. 
An event is considered as big when the number 
of deaths is greater than 50, the affected are 
greater than 2500 and the destroyed houses are 
more than 5009. Table 1 summarizes the state of 
updating of the DesInventar database for the 
countries studied; this will be reflected in the 
results presented.  
 

Table 1. DesInventar database 

 
Figures 9, 10 and 11 present results for the 
three LDI taking into account the number of 
deaths, affected and economic losses.  
 
The data for most countries studied show that, 
during this period, there was a greater incidence 
and persistence in the distribution of deaths 
among municipalities. However, BOL obtained 
a low value of LDIK what means higher 
concentration of deaths among municipalities.  

                                                 
9  Thresholds and technique of outliers identification 
was proposed by Marulanda and Cardona (2006) where 
derived the concepts of intensive and extensive risk 
used in the Global Assessment Report on Disaster Risk 
Reduction (UN, 2009). This report proposed the thre-
sholds for deaths and destroyed houses here used.   

Country 
DesInventar 
database? 

Latest  year 
Available 

Argentina YES 2004 
Barbados NO - 
Belice NO - 
Bolivia SI 2007 
Chile YES 2000 
Colombia YES 2007 
Costa Rica YES 2007 
Ecuador YES 2007 
El Salvador YES 1996-2005 
Guatemala YES 2000 
Honduras NO - 
Jamaica YES 2000 
Mexico YES 2007 
Nicaragua NO - 
Panama YES 2007 
Peru YES 2007 
Dominican Republic YES 2000 
Trinidad and Tobago YES 2000 
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Figure 9. LDIK for 2001-2005 and 2006-2008  
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Figure 10. LDIA for 2001-2005 and 2006-2008  
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Figure 11. LDIL for 2001-2005 and 2006-2008  
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Figure 12. Total LDI (aggregated) for 2001-2005 and 2006-2008  
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Regarding LDIA, BOL and COL show lower 
incidence and persistence in the distribution of 
the number of people affected. Disasters 
between 2001 and 2005 were due to several 
landslides and floods in many municipalities in 
the countries. LDIL shows relative losses in CRI 
and SLV were more similar and more evenly 
distributed among all municipalities than in 
other countries. This means that there is a lower 
variability of risk in the country. It is important 
to point out that although the period 2006-2008, 
of three years is not comparable with previous 
periods of five years, the value for this period is 
illustrative of what has been the evolution of 
the indicator at the moment of the evaluation. 
 
Figure 12 presents the results of the total LDI, 
that is, the aggregated value for the three effects 
considered. In this figure can be observed that 
Panama (PAN), CRI and SLV present the 
greatest incidence and regularity of the effects 
of small disasters of the countries evaluated in 
the period 2001-2005, while for the partial pe-
riod 2006-2007 the highest values correspond 
to PAN, PER and COL.  

In general it is conclude that most of countries 
evaluated present a considerable LDI, what 
reflects an important incidence and regularity 
of the effects. This can be the result of 
processes of environmental degradation, vulne-
rability increasing at municipal level and rising 
of the recurrence of events characteristics of 
climate variability and change.  
 
Although the LDI takes into account the total 
deaths, affected, and economic losses, it is 
important to emphasize that it is a measure of 
uniformity of dispersion of these figures. 
Therefore, in order to evaluate the LDI, the 
figures were normalized according to the total 
area of the municipalities to which they cor-
respond, and were related to the number of 
municipalities where effects were registered. 
Similarly, we calculated a LDI’ that takes into 
account the concentration of losses (direct 
physical damage) at the municipal level and is 
aggregated for all events in all countries. This 
indicator shows the disparity of risk within a 
single country. Figure 13 presents the results 
obtained for LDI’.  

 
Figure 13. LDI’ for the periods 2001-2005 and 2006-2007  
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LDI’ shows that in countries such as PER, 
ARG, MEX and BOL, losses during the period 
studied were concentrated in a few 
municipalities. An LDI’ of 0.98, 0.97, 0.95, 
0.92, signifies that 10 percent of the municipal-
lities concentrate 88, 87, 85 and 82 percent of 
losses, respectively.  
 
 
 

Figures 14 to 16 present the results obtained for 
the three subindicators LDIK, LDIA, LDIL for 
all the countries evaluated in the periods 1991-
1995, 1996-2000 and 2001-2005. Figure 17 
presents the results for the same periods of the 
total LDI, and the results for LDI’ are illu-
strated in figure 18.  
 
 

Figure 14. LDIK for periods 1991-1995, 1996-2000 and 2001-2005 
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Figure 15. LDIA for periods 1991-1995, 1996-2000 and 2001-2005 
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Figure 16. LDIL for periods 1991-1995, 1996-2000 and 2001-2005 
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Figure 17. LDI for periods 1991-1995, 1996-2000 and 2001-2005 
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Figure 18. LDI’ for periods 1991-1995, 1996-2000 and 2001-2005 



 
18 

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

ARG BOL CHL COL CRI ECU SLV GTM JAM MEX PAN PER DOM TTO

LDI'

1991‐1995

1996‐2000

2001‐2005

 
 
These indices are useful for economic analysts 
and sectoral officials, related to the promotion 
of rural and urban policy develop-ment, 
because they can detect the persistency and 
accumulation of effects of local disasters. They 
can stimulate the consideration of risk problems 

in territorial planning at the local level and the 
intervention and protection of hydrologic 
basins, and they can justify resource transfers to 
the local level with specific goals of risk 
management and the creation of social security 
nets. 
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The Prevalent Vulnerability Index (PVI) 
 
This index depicts predominant vulnerability 
conditions by measuring exposure in prone 
areas, socioeconomic fragility and lack of so-
cial resilience. These items provide a measure 
of direct as well as indirect and intangible im-
pacts of hazard events. The index is a compo-
site indicator that provides a comparative 
measure of a country’s pattern or situation.  
Inherent10 vulnerability conditions underscore 
the relationship between risk and development 
(UNDP, 2004). Vulnerability, and therefore 
risk, are the result of inadequate economic 
growth, on the one hand, and deficiencies that 
may be corrected by means of adequate devel-
opment processes. Although the indicators 
proposed are recognized as useful for measur-
ing development (Holzmann and Jorgensen, 
2000; Holzmann, 2001) their use here is in-
tended to capture favorable conditions for di-
rect physical impacts (exposure and suscepti-
bility), as well as indirect and, at times, intang-
ible impacts (socioeconomic fragility and lack 
of resilience) of potential physical events (Ma-
sure, 2003; Davis, 2003). The PVI is an aver-
age of these three types of composite indica-
tors:  
 

3/)PVIPVIPVI(PVI ResilienceFragilityExposure 
 

The indicators used for describing exposure, 
prevalent socioeconomic conditions and lack of 
resilience have been estimated in a consistent 
fashion (directly or in inverse fashion, accor-
dingly), recognizing that their influence ex-
plains why adverse economic, social and envi-
ronmental impacts take place following a dan-
gerous event. Each one is made up of a set of 
indicators that express situations, causes, sus-
ceptibilities, weaknesses or relative absences 
affecting the country, region or locality under 
study, and which would benefit from risk re-

                                                 
10 That is to say, the predominant socioeconomic condi-
tions that favor or facilitate negative effects as a result 
of adverse physical phenomena (Briguglio, 2003b).  

duction actions. The indicators were identified 
based on figures, indices, existing rates or pro-
portions derived from reliable databases availa-
ble worldwide or in each country (see metho-
dology: Cardona et al., 2004a, 2004b, and 
2005). 
 
Indicators of Exposure and Susceptibility 

The best indicators of exposure and/or physical 
susceptibility (PVIES) are the susceptible popu-
lation, assets, investment, production, livelih-
oods, historic monuments, and human activities 
(Masure, 2003; Lavell, 2003b). Other indicators 
include population growth and density rates, as 
well as agricultural and urban growth rates. The 
indicators used are listed below.  
 
 ES1. Population growth, average annual rate. 
 ES2. Urban growth, avg. annual rate (%). 
 ES3. Population density (people/5 Km2). 
 ES4. Poverty, population living on less than 

US$1 per day PPP.  
 ES5. Capital stock in millions US dollar per 

thousand square kilometers. 
 ES6. Imports and exports of goods and ser-

vices as a percent of  GDP 
 ES7. Gross domestic fixed investment as a 

percent of GDP.  
 ES8. Arable land and permanent crops as a 

percent of land area. 
 
These variables reflect the nation’s suscepti-
bility to dangerous events, whatever their na-
ture or severity. Exposure and susceptibility 
are necessary conditions for the existence of 
risk. Although, in any strict sense it would be 
necessary to establish if exposure is relevant 
for each potential type of event, we may nev-
ertheless assert that certain variables reflect 
comparatively adverse situations where natural 
hazards can be deemed to be permanent exter-
nal factors without needing to establish their 
exact nature. Figure 19 shows the PVIES by 
country and period, weighted using the Analyt-
ic Hierarchy Process (AHP). 
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Indicators of Socioeconomic Fragility 
 
Socioeconomic fragility (PVISF), may be 
represented by indicators such as poverty, lack 
of personal safety, dependency, illiteracy, in-
come inequality, unemployment, inflation, debt 
and environmental deterioration. These indica-
tors reflect relative weaknesses that increase the 
direct effects of dangerous phenomena (Can-
non, 2003; Davis, 2003; Wisner, 2003). Even 
though these effects are not necessarily cumula-
tive (and in some cases may be superfluous or 
correlated), their influence is especially impor-
tant at the social and economic levels (Benson, 
2003b). The indicators are listed below.  
 
 SF1. Human Poverty Index, HPI-1. 
 SF2. Dependents as a proportion of the 

working age population. 
 SF3. Inequality as measured by the Gini 

coefficient.  
 SF4. Unemployment as percent of the total 

labor force. 
 SF5. Annual increase in food prices (%).  
 SF6. Share of agriculture in total GDP 

growth (annual %). 
 SF7. Debt service burden as a percent of 

GDP. 
 SF8. Soil degradation resulting from human 

activities (GLASOD).11  
 
These indicators show that there exists an in-
trinsic predisposition for adverse social im-
pacts in the face of dangerous phenomena re-
gardless of their nature or intensity (Lavell, 
2003b; Wisner, 2003). The propensity to suf-
fer negative impacts establishes a vulnerability 
condition of the population, although it would 
be necessary to establish the relevance of this 
propensity in the face of all types of hazard. 
Nevertheless, as with exposure, it is possible 
to suggest that certain values of specific va-
riables reflect a relatively unfavorable situa-
tion in the eventuality of natural hazard, re-

                                                 
11 Global Assessment of Human-induced Soil Degrada-
tion 

gardless of the exact characteristics of those 
hazards. Figure 20 shows the PVISF weighted 
using the AHP. 
 
Indicators of (Lack of) Resilience 
 
Lack of resilience (PVILR), seen as a vulnera-
bility factor, may be represented by means of 
the inverse12 relationship of a number of va-
riables that measure human development, hu-
man capital, economic redistribution, gover-
nance, financial protection, community aware-
ness, the degree of preparedness to face crisis 
situations, and environmental protection. These 
indicators are useful to identify and guide ac-
tions to improve personal safety (Cannon, 
2003; Davis, 2003; Lavell, 2003a; Lavell, 
2003b; Wisner, 2003).  
   
 LR1. Human Development Index, HDI [Inv] 
 LR2. Gender-related Development Index, 

GDI [Inv] 
 LR3. Social expenditures on pensions, health 

and education as a percent of GDP [Inv] 
 LR4. Governance Index (Kaufmann)  [Inv] 
 LR5. Infrastructure and housing insurance as 

a percent of GDP [Inv] 
 LR6. Television sets per 1000 people [Inv]  
 LR7. Hospital beds per 1000 people [Inv] 
 LR8. Environmental Sustainability Index, 

ESI [Inv] 
 
These indicators capture the capacity to recov-
er from or absorb the impact of dangerous 
phenomena, whatever their nature and severity 
(Briguglio, 2003b). Not being able to ade-
quately face disasters is a vulnerability condi-
tion, although in a strict sense it is necessary to 
establish this with reference to all potential 
types of hazard. Nevertheless, as with expo-
sure and socioeconomic fragility, we can posit 
that some economic and social variables (Ben-
son, 2003b) reflect a comparatively unfavora-
ble position if natural hazards exist. Figure 21 
shows the PVILR weighted using the AHP. 

                                                 
12 The symbol [Inv] is used here to indicate an inverse 
variable (¬R = 1- R). 
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Figure 19. PVI for Exposure and Susceptibility 
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Figure 20. PVI for Socioeconomic Fragility 
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Figure 21. PVI Due to Lack of Resilience 
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Figures 19, 20 and 21 present the results for the 
three PVI that were calculated from different 
databases of the World Bank, ECLAC, UNDP, 
IDB and from the own countries. From figure 
19 to 21 it is concluded that the prevalent vul-
nerability index in relation with exposition and 
physical vulnerability, PVIES in the smallest 
countries such as BRB, JAM, TTO and SLV is 
systematically greater. NIC presents a relative 
increase of exposition and susceptibility in the 
last years. CRI, TTO, Belize (BLZ), PAN and 
DOM have had a slight diminish from 2000, 
and in ARG reduction for 2005 is very notable. 
The prevalent vulnerability index in terms of 
socio-economic fragility, PVISF for BLZ, GTM, 
NIC, HND and SLV is relatively high, although 
in the majority of the countries the socio-
economic fragility has registered a diminish 
through the time, with exception of BLZ, NIC 
and CHL, especially in the last period. Values 
of the prevalent vulnerability index in terms of 
lack of resilience, PVILR, in general, are very 
high, and the value is very notable in GTM and 
NIC although it is being reducing. The index 
has also remarkably decreased in CHL, PAN, 
MEX, BLZ, BOL, HND and PER. CHL and 
BRB present greater resilience. Figures 22 and 
23 illustrate average and aggregated PVI of the 

countries evaluated. Although in 2007 NIC 
presents the highest value that has been more or 
less constant through the years. HND, GTM, 
JAM and SLV also present very high PVI val-
ues since 1995. Most countries show a declin-
ing trend in vulnerability along the years of 
evaluation with exception of NIC where a sus-
tained increasing is presented and in HND, 
JAM, SLV, BLZ, BRB, BOL, PER, COL and 
CHL have been a slight increase in 2007. Other 
notable PVI values are in DOM and TTO. 
CHL, ARG, MEX, COL and PER present the 
lowest PVI values in the regional context.  
 
PVI varies between 0 and 100, a value of 80 
means very high vulnerability, from 40 to 80 
means high, from 20 to 40 is a medium value 
and less than 20 means low. PVI was calculated 
again for all the periods due to various values 
of the databases that were not known, currently 
are available or have been modified as result of 
revisions that were made after the previous 
evaluation of the index. Modifications in 
maximum and minimum reference values were 
also made for this new evaluation due to stan-
dardization of values of subindicators can be 
made in a uniform form for all the evaluated 
countries. 

 

Figure 22. PVI for Countries Studied 

0

10

20

30

40

50

60

70

CHL ARG MEX COL PER ECU BOL PAN BRB CRI BLZ TTO DOM HND SLV GTM JAM NIC

PVI

1995

2000

2005

2007

 

 
 



 
23 

 

Figure 23. Aggregate PVI for 2007 
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In general, total PVI has been decreasing in the 
most of countries. A slight increase has been 
presented only in some countries in the last 
period that cannot be considered definitive due 
to the normal adjustments of the most recent 
subindicators. An important group of countries 
present an average PVI high in 2007: NIC, 
HND, JAM, GTM, SLV, DOM, TTO and BLZ. 
The other countries present an intermediate PVI 
and there are no countries that present a low 
value of PVI. In general, the lack of resilience 
is the subindicator that most contribute to the 
results of the prevalent vulnerability and expo-
sition in the case of small countries or islands 
as it is illustrated in the case of BRB and JAM. 
 
PVI reflects susceptibility due to the level of 
physical exposition of goods and people, which 
favor the direct impact. Likewise, reflects 
conditions of social and economic fragilities, 
which favors the indirect and intangible impact.  
 
 
 

The index also reflects the lack of capacity to 
absorb the consequences, efficiently respond 
and recover. Reduction of these kinds of 
factors, object of a process of sustainable 
human development and explicit policies of 
risk reduction, is one of the aspects where 
special emphasis must exist.  
 
The Prevalent Vulnerability Index should form 
part of a system of indicators that allows the 
implementation of effective prevention, mitiga-
tion, preparedness and risk transfer measures to 
reduce risk. The information provided by an 
index such as the PVI should prove useful to 
ministries of housing and urban development, 
environment, agriculture, health and social wel-
fare, economy and planning. Although the rela-
tionship between risk and development should 
be emphasized, it must be noted that activities 
to promote development do not, in and of 
themselves, automatically reduce vulnerability. 
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The Risk Management Index (RMI) 
 
This index was designed to assess risk man-
agement performance. It provides a qualitative 
measure of management based on predefined 
targets or benchmarks that risk management 
efforts should aim to achieve.  The design of 
the Risk Management Index involved estab-
lishing a scale of achievement levels (Davis 
2003; Masure 2003) or determining the “dis-
tance” between current conditions and an ob-
jective threshold or conditions in a reference 
country (Munda 2003; Carreño et al 2007a). 
 
The RMI was constructed by quantifying four 
public policies, each of which has six indica-
tors. The policies include the identification of 
risk, risk reduction, disaster management, and 
governance and financial protection. Risk 
identification (RI) is a measure of individual 
perceptions, how those perceptions are unders-
tood by society as a whole, and the objective 
assessment of risk. Risk reduction (RR) in-
volves prevention and mitigation measures. 
Disaster management (DM) involves measures 
of response and recovery. And, finally, gover-
nance and financial protection (FP) measures 
the degree of institutionalization and risk trans-
fer. The RMI is defined as the average of the 
four composite indicators:   
 
 
 
Each indicator was estimated based on five 
performance levels (low, incipient, significant, 
outstanding, and optimal) that correspond to a 
range from 1 (low) to 5 (optimal).13 This me-
thodological approach permits the use of each 
reference level simultaneously as a “perfor-
mance target” and allows for comparison and 

                                                 
13 It is also possible to estimate the RMI by means of 
weighted sums of fixed values (such as 1 through 5, for 
example), instead of using fuzzy sets and linguistic 
descriptions. However, that simplification eliminates 
the nonlinearity of risk management and yields less 
accurate results.  

identification of results or achievements. Gov-
ernment efforts at formulating, implementing, 
and evaluating policies should bear these per-
formance targets in mind.  
  
Risk Identification Indicators 
 
It is important to recognize and understand the 
collective risk to design prevention and miti-
gation measures. It depends on the individual 
and social risk awareness and the methodolog-
ical approaches to assess it. It then becomes 
necessary to measure risk and portray it by 
means of models, maps, and indices capable of 
providing accurate information for society as a 
whole and, in particular, for decisionmakers. 
Methodologically, RMIRI includes the evalua-
tion of hazards, the characteristics of vulnera-
bility in the face of these hazards, and esti-
mates of the potential impacts during a partic-
ular period of exposure. The following six 
indicators measure risk identification RMIRI: 
 
 RI1. Systematic inventory of disasters and 

losses. 
 RI2. Hazard monitoring and forecasting. 
 RI3. Hazard evaluation and mapping. 
 RI4. Vulnerability and risk assessment. 
 RI5. Public information and community 

participation. 
 RI6. Risk management training and educa-

tion. 
 
Figure 24 shows the RMIRI for each country 
and period studied, weighted using the AHP.  
 
Indicators of Risk Reduction 
 
The major aim of risk management is to re-
duce risk. Reducing risk generally requires the 
implementation of structural and nonstructural 
prevention and mitigation measures. It implies 
a process of anticipating potential sources of 
risk, putting into practice procedures and other 

4/)( FPDMRRRI RMIRMIRMIRMIRMI 
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measures to either avoid hazard, when it is 
possible, or reduce the economic, social and 
environmental impacts through corrective and 
prospective interventions of existing and fu-
ture vulnerability conditions. The following 
six indicators are used to measure RMIRR: 
 
 RR1. The extent to which risk is taken into 

account in land use and urban planning.  
 RR2. Management of river basins and envi-

ronmental protection.  
 RR3. Implementation of control and protec-

tion techniques prior to hazard events. 
 RR4. Relocation of persons living in disas-

ter prone areas and improvements to hous-
ing in those areas. 

 RR5. Updating and enforcement of safety 
standards and construction codes. 

 RR6. Reinforcement and retrofitting of 
public and private assets. 

 
Figure 25 shows the RMIRR for each country 
and period studied, weighted using the AHP. 
 
Indicators of Disaster Management 
 
The goal of disaster management (RMIDM) is 
to provide appropriate response and recovery 
efforts following a disaster. It is a function of 
the degree of preparation of the responsible 
institutions as well as the community as a 
whole. The goal is to respond efficiently and 
appropriately when risk has become disaster. 
Effectiveness implies that the institutions (and 
other actors) involved have adequate organiza-
tional abilities, as well as the capacity and 
plans in place to address the consequences of 
disasters. The following six indicators measure 
the capacity for disaster management RMIDM: 
 
 DM1. Organization and coordination of 

emergency operations.  
 DM2. Emergency response planning and 

implementation of warning systems.  
 DM3. Supply of equipment, tools and infra-

structure.  

 DM4. Simulation, updating and testing of 
inter-institutional response capability. 

 DM5. Community preparedness and train-
ing.  

 DM6. Rehabilitation and reconstruction 
planning. 

 
Figure 26 shows the RMIDM for each country 
and period studied, weighted using the AHP.  
 
Governance and Financial  
Protection Indicators 
 
Adequate governance and financial protection 
are fundamental for sustainability, economic 
growth and development. They are also basic 
to risk management, which requires coordina-
tion among social actors as well as effective 
institutional actions and social participation. 
Governance also depends on an adequate allo-
cation and use of financial resources to man-
age and implement appropriate retention and 
transfer strategies for dealing with disaster 
losses. The following six indicators measure 
governance and financial protection RMIFP: 
 
 FP1. Decentralized organizational units, 

inter-institutional and multisector coordina-
tion. 

 FP2. Availability of resources for institu-
tional strengthening. 

 FP3. Budget allocation and mobilization. 
 FP4. Existence of social safety nets and 

funds.  
 FP5. Insurance coverage and loss transfer 

strategies for public assets. 
 FP6. Housing and private sector insurance 

and reinsurance coverage. 
 

The value of each composed element is be-
tween 0 and 100, where 0 is the minimum per-
formance level and 100 is the maximum level. 
Total RMI is the average of the four composed 
indicators that admit each public policy. When 
value of RMI is high, performance of risk man-
agement in the country is better. 
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Figure 24. RMI Related to Risk Identification 

0

10

20

30

40

50

60

70

CHL ARG BLZ DOM BOL ECU TTO SLV CRI BRB PER MEX GTM NIC COL PAN JAM

RMIRI

1990

1995

2005

2008

 
 

Figure 25. RMI Related to Risk Reduction 
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Figure 26. RMI Related to Disaster Management 
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Figure 27. RMI Related to Financial Protection and Governance 
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Figure 28 shows the total RMI value, result of 
the risk management performance estimation of 
the countries having into account the four pub-
lic policies. Figure 29 shows RMI values for 
2008 obtained by adding the four components 
related to risk identification, risk reduction, 
disaster management and financial protection. 
The highest values correspond to COL and 
BBD and the lowest values correspond to TTO, 
SLV, BOL and ECU. It can be observed nota-
ble difference between the countries that 
present a greater risk management performance 
than those that have not reached relative ad-
vances. Nevertheless, even in the case of coun-
tries with greater qualifications, risk manage-
ment is incipient or significant in the best of the 
cases; therefore, there is still much further to 
reach an effective disaster risk management in 
the countries and in the region. 
 
Figure 30 shows the risk management behavior 
and the form of the membership functions for 
each performance level and probability of risk 
management effectiveness according to the 
method used (Carreño et al., 2004, Cardona et 
al., 2005). According to the theory that sup-
ports the method used here, the probable effec-
tiveness of risk management in the majority of 
cases does not rise above 60 percent. Most 
countries generally reach a level of effective-

ness of between 20 and 30 percent. This is 
very low when compared to required effec-
tiveness.14 The low level of effectiveness of 
risk management that may be inferred from 
the RMI values for this group of countries is 
confirmed by the high risk levels represented 
in the DDI, the LDI and the PVI over the 
years. In part, the high risk levels are due to 
the lack of effective risk management in the 
past. The risk management experts of this new 
evaluation in most countries (with exception of 
COL, DOM, ECU) considered that the evalua-
tion made for 2000 was not correct (it was ex-
cessive or not very objective), reason why this 
year has not been included in the figures. 

                                                 
14 For each possible value of the subindicators we de-
fined functions or fuzzy sets, which are shown in the 
upper graph of figure 30. Risk management performance 
is defined by this group of functions, which yield the 
curve shown in the lower graph. This curve represents the 
degree of effectiveness of risk management according to 
the level of performance obtained with the different sub-
indicators. The lower graph shows that increasing risk 
management effectiveness is nonlinear. Progress is slow 
in the beginning, but once risk management improves 
and becomes sustainable, performance and effectiveness 
also improve. Once performance reaches a high level, 
additional (smaller) efforts increase effectiveness signifi-
cantly, but small improvements in risk management are 
negligible and unsustainable and, as a result, they have 
little or no effectiveness (Carreño 2006). 
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Figure 28. RMI for Each Country 
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Figure 29. Aggregate RMI for 2008 
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Figure 30. Risk Management Behavior and Probability of Effectiveness 
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Figure 28. RMI for Each Country
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In the previous assessment, only risk man-
agement officials established the weights ap-
plied and carried out the benchmark for most 
countries. These RMI evaluations would ap-
pear to be overly generous when compared to 
those undertaken by independent and external 
experts. Taking into account the evaluation 
made on the advances of the Hyogo frame-
work and the reviewing of experts and aca-
demic institutions, it was considered that the  
 

least objective qualifications were those made 
for 2000 in the previous assessment. The 
present results of RMI have been obtained from 
queries made not only to employees of different 
institutions involved in the risk management 
but also to independent experts in each country. 
In this way, this index reflects the performance 
of the risk management based on evaluations of 
officials, professionals and academics. The 
evaluations have been made confidential. 
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Conclusions 
 
The indicators of risk and risk management 
presented in this report have permitted an 
evaluation of a wide group of Latin American 
and Caribbean countries based on integrated 
criteria. The results show that it is possible to 
describe risk and risk management using 
coarse grain measures and classify countries 
according to a relative scale.  
 
The Disaster Deficit, Local Disaster and Pre-
valent Vulnerability indices (DDI, LDI and 
PVI) are risk proxies that measure different 
factors that affect overall risk at the national 
level. By depicting existing risk conditions, 
the indicators highlight the need for interven-
tion. This study indicates that the countries of 
the region face significant risks that have yet 
to be fully recognized or taken into account by 
individuals, decisionmakers and society as a 
whole. These indicators are a first step in cor-
rectly measuring risk so that it can be given 
the priority that it deserves in the development 
process. Once risk has been identified and 
measured, activities can then be implemented 
to reduce and control it. The first step in ad-
dressing risk is to recognize it as a significant 
socioeconomic and environmental problem. 
 
The results obtained for the period 1990 to 
2008, using an ordinal ranking scale, are as 
follows: Honduras, Belize, Barbados, Domini-
can Republic, Nicaragua and El Salvador are 
most prone to future extreme disaster risk 
based on evaluations for the year 2008. These 
countries are likely to suffer significant losses 
and lack the economic resilience to address 
them adequately. Panama, Guatemala Peru 
and Jamaica also face relatively high risk, par-
ticularly in the case of low probability, high 
consequence events (100 and 500 years of 
return period).  Colombia, Bolivia, Ecuador 
are in the mid-range of countries. They may 
suffer high losses but its economic resilience 
is relatively high. Chile, Mexico, Argentina, 

Trinidad and Tobago and Costa Rica have 
minor relative risk profiles for extreme events, 
but this does not mean that risk is low. Large-
scale losses are expected in some of these 
countries.  
 
Local data for the period 2001-2005 indicate 
that Costa Rica, Panama, El Salvador and Peru 
face relatively high risk in the event of recur-
rent and highly spatially dispersed, small- 
scale events. Mexico and Ecuador are in the 
mid-range of countries, with a greater variabil-
ity. And Bolivia presents a lower relative inci-
dence of smaller scale dispersed events.   
 
There is no clear regional tendency of the risk 
associated with smaller scale events. The ef-
fects in terms of deaths, affected population, 
and destruction of housing and crops do not 
follow an easily identified pattern. However, 
the low level of awareness of events that have 
cumulative national and local impacts is wor-
risome. 
 
In 2007, Nicaragua, Jamaica, Guatemala, El 
Salvador, Honduras, Dominican Republic, 
Trinidad and Tobago and Belize had the high-
est prevalent vulnerability indices. The other 
countries had an intermediate PVI. Prevalent 
vulnerability has dropped over the last years. 
However, vulnerability is still very high in the 
vast majority of countries. 
 
The Risk Management Index was the first sys-
tematic and consistent international technique 
developed to measure risk management per-
formance. The conceptual and technical bases 
of this index are robust, despite the fact that it 
is inherently subjective. Although the method 
may be refined or simplified in the future, its 
approach is quite innovative because it allows 
the measurement of risk management and its 
probable effectiveness. The analysis shows 
that Trinidad and Tobago, El Salvador, Boli-
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via, Ecuador, Peru, Argentina, Belize and 
Dominican Republic have made the least 
progress over the last few years. Guatemala 
posted a slightly better performance. Chile, 
Costa Rica and Mexico showed even more 
improvement, while Panama, Nicaragua, Bar-
bados and Colombia posted the most signifi-
cant advances in risk management practice. 
The overall tendency since the 1990s has been 
one of increased concern for risk management. 
As a result, the evaluation of advances made 
has improved from “low” to “significant” in 
the majority of cases. On average, risk man-
agement performance is something better than 
“incipient,” and (probable) effectiveness is 
still very low (0.2 - 0.3). This suggests that 
considerable efforts are required to promote 
effective and sustainable risk management, 
even in the more advanced countries. In gen-
eral the greatest advances have been made in 
risk identification and disaster management. 
Risk reduction, financial protection and insti-
tutional organization have as yet been ap-
proached very timidly. 

Taking into account relative positions in the 
ranking of indicators, Nicaragua, Dominican 
Republic, El Salvador and Honduras face the 
greatest risk and some of them, El Salvador 
and Dominican Republic have achieved the 
lowest levels of development in risk manage-
ment. Guatemala and Jamaica are high vulner-
able countries and Panama, Peru, Colombia, 
Bolivia and Ecuador are countries in an inter-
mediate position. In Nicaragua and Jamaica, 
risk is high but risk management performance 
is good. In Argentina and Trinidad and Toba-
go, while risk is low, so is risk management 
performance.  Costa  Rica,  Chile  and  Mexico 

 

 

 

 

exhibit relatively low risk levels and accepta-
ble risk management performance. 
 
The product of the effort of this project has 
been the construction of a comprehensive pro-
file of disaster risk indicators for the Latin 
America and the Caribbean countries. This 
profile is the first step for the creation of a 
“common operative image” of disaster risk 
reduction in the region. That is, a common 
knowledge base to which can be accessed, that 
can be viewed, understandable by the different 
decision-makers responsible of risk reduction 
in the region. Any group that is not included or 
that fail in the understanding the level and 
frequency of risk, probably, would lose its 
active compromise in the risk reduction 
process. Thus, construction of an effective 
common knowledge base for the decision-
makers system responsible of disaster risk 
reduction is fundamental for achieving 
changes in the practice. 
 
Results of the exercise of indicators evaluation 
give a particular idea of the situation and the 
level of efficacy and efficiency of the coun-
tries analyzed, with all the advertencies that 
can be made about the accuracy of the data. In 
these reports, when it comes to convince deci-
sionmakers of the virtues of the system of in-
dicators, not only of the method and the verac-
ity of the results in a comparative or individual 
base but also the pertinence of the results in 
terms of opening or “inviting” to political and 
actions changes that drive to risk reduction, 
understanding risk us a development problem. 
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