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ABSTRACT: In May 2009, the UNISDR system published the 
2009 Global Assessment Report on Disaster Risk Reduction 
(GAR 2009). One component of this report consisted in a 
global risk analysis. This task was performed by several 
institutions which join their efforts during two years to achieve 
a global modelling of hazards. This includes new hazard 
models for floods, tropical cyclones, landslides, drought and 
tsunamis as well as re-interpretation of earthquakes hazard. It 
allowed for the computation of human and economical 
exposure. A totally new methodology was used to calibrate 
vulnerability by using a so-called "event per event" analysis. 
This allowed determining what are the socio-economical and 
contextual parameters that are associated with human and 
economical vulnerability. This new methodology allows 
considering the intensity of each event as well as contextual 
parameters in order to compute the risk for different natural 
hazards. Risk maps were produced for four natural hazards 
(i.e. floods, earthquakes, landslides and tropical cyclones). This 
was provided at a resolution of 1 x 1 km. This also allow for 
the computation of an index for comparing the risk level of 
different countries. Trend in risk were also studied. 

Keywords: Quantitative Global disaster risk model, vulnerability 
analysis, Mortality Risk Index. GIS. 

1. INTRODUCTION 
The present paper presents a summary of our contributions to 
chapter 1 and chapter 2 of the United Nations (UN) 2009 Global 
Assessment Report on Disaster Risk Reduction (UN, 2009) 
launched in May 2009 by the UN Secretary General. The global 
disaster risk analysis involved a large number of scientific and 
technical institutions, including UNEP/GRID-Europe, UNISDR, 
the World Bank, the Norwegian Geotechnical Institute, Columbia 
University. It also benefit from data support from multiple 
institutions. Major methodological innovations based on analysis 
of thousands individual events have enabled a more accurate 
characterisation of global risk and identification of key risk drivers 
and to the spatial distribution of hazards, exposure and risk.  

Data generated for this research are made available on-line through 
PREVIEW Global Risk Data Platform. This is sustained by Spatial 

Data Infrastructure (SDI) technology and is compliant with the 
OGC Web Services (Giulinai and Peduzzi, in prep.). 

Six hazards were studied: earthquakes, landslides (with distinction 
between landslides triggered by earthquakes and precipitations), 
tsunami (see Fig.2), tropical cyclones (including wind and storm 
surge hazards), floods (excluding flash floods and urban floods) 
and meteorological drought. 

Two main previous studies aimed to map hazard and risk 
distribution. In 2004 UNDP/BCPR published the Disaster Risk 
Index (UNDP, 2004), which was further updated and refined 
(Peduzzi et al., 2009). In 2005 the World Bank published the 
Disaster Risk Hotspot (Dilley et al., 2005). Both studies were 
multiple hazards. The authors of both studies met in 2006 and 
evaluated the gaps to be addressed. This mostly highlighted the 
need create a global flood model, as well as the need to take 
intensity of hazard into consideration. Parts of the two teams 
joined to generate this new global disaster risk analysis. 

The improvements estimates of global disaster risk have been 
made possible by using higher resolution and more complete data 
on geographic and physical hazard event characteristics, especially 
for floods, tropical cyclones and earthquakes. It also benefited 
from higher resolution exposure data on population and economic 
assets (sub-national GDP), as well as enhance in geographic and 
physical modelling of hazard extent, frequency and severity – 
especially for floods, landslides and tsunamis – allowing hazard 
intensity or severity to be calculated. Incorporation of new global 
data sets on social, economic and other vulnerability factors, such 
as governance and corruption. 

However the main improvement comes from the so called "event 
per event analysis”. Previous mentioned global studies were based 
on average over a 21 year returning period. This prevented from 
using intensity of the event. By analysing each event using an 
explicit linking of hazard event outcomes (i.e. losses) with the 
geographic, physical and socio-economical characteristics of the 
event, the model can incorporate more adequately the contextual 
conditions in which each disaster occurred. 
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Fig. 1: Tectonic hazards distribution for Asia 

 
Fig. 2: Weather-related hazards distribution in Asia 

 
2. METHODOLOGY 
Except for earthquakes (where GSHAP was used), for all the other 
hazards, a global model was generated using geophysical and 
meteorological data. The detailed explanation of the 
methodologies cannot be discussed in this short summary, but they 
will be published in scientific papers. It requested the processing 
of 1.5 Tb of data and more than 6000 hours of computation. The 
hazard updates were reviewed by panels of international scientists 
under the supervision of WMO for weather-related hazards and 
UNESCO for geological hazards. 

To model hazards frequency and severity, geographical and 
physical information on specific hazard events were compiled for 
tropical cyclones, floods, earthquakes, droughts. Models 
susceptibility were generated for landslides and tsunamis. For each 

hazardous event and model, the footprint (or area of impact with 
frequency) was generated for each class of severity. Then the 
human and economical exposure was computed using Landscan 
population (Landscan 2007) and World Bank GDP distribution 
models. These models were reprocessed to show population and 
GDP at the time of the event (1975 - 2008). 

For risk calibration purpose, links were made between available 
loss information for each hazard event (source from EMDAT, 
2008) to the hazard event information (hazard severity and 
exposure), by intersecting footprint of hazard with country 
borders. Use country name and dates to link with past recorded 
losses. This was drone from previously applied methodology 
(Peduzzi et al. 2005).  
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Vulnerability and contextual parameters were added, this could be 
country-level indicators (such as per capita income) or spatial 
context data (such as distance from capital city, local GDP) for the 
year in which the event occurred. Using this information, a 
vulnerability statistical analysis was run to produce estimate 
empirical loss functions that relate event mortality or economic 
loss to risk factors (hazard characteristics, exposure and 
vulnerability) using statistical regression techniques. 

Maps showings risk distribution were generated by applying 
estimates to all pixels in a geographic grid of hazard distribution. 
The loss estimates can be aggregated at different levels (e.g. 1 km 
x 1 km cells). Mortality risk can be classed in deciles using a 
logarithmic index with values ranging from 1 = negligible to 10 = 
extreme risk. Obtain multiple map by superimposing individual 
risk maps. 

Finally a mortality risk index was computed by aggregating risk at 
national level. This was made using two axes: average absolute 
mortality per year and average relative mortality per year (per 
million inhabitants). 

3. RESULTS AND DISCUSSION 

3.1 Tropical cyclones 

Disaster risk for tropical cyclones has been calculated taking into 
account hazard associated with both wind speed and storm surge 
for different categories of cyclones on the Saffir–Simpson scale. 
More than 2500 individual tropical cyclones were modelled using 
central pressure and maximum winds peed drawing from previous 
study (Nordbeck et al. 2005). The areas affected by storm surge 
were computed using a conversion table of storm surge height 
according to Saffir-Simpson classes and overlay of these areas 
with Digital Elevation Model (SRTM at 90m elevation). The 
extraction of exposure revealed that an average of 78 million 
people worldwide are exposed each year to tropical cyclone wind 
hazard and a further 1.6 million to storm surge. Asian countries 
have the largest absolute population exposed, while SIDS have the 
highest proportion of their population exposed. In terms of 
economic exposure, an annual average of US$ 1,284 billion of 
GDP is exposed to tropical cyclones. The country with the highest 
absolute exposure is Japan. The countries with the highest relative 
exposure, however, are almost all SIDS. Governance and social 
equity play a critical role in economic losses.  

Geographically, tropical cyclone mortality risk is highly 
concentrated. The top ten countries on the Mortality Risk Index 
and their respective values are Bangladesh, the Philippines, India, 
Madagascar, the Dominican Republic, Haiti, Myanmar, Vanuatu, 
Mozambique and Fiji. 

3.2 Floods 

Disaster risk for floods has been calculated for large rural flood 
events (hence excluding flash floods or urban flooding).  To 
calibrate the risk, we used past flood events detected by satellite 
imagery (mostly from MODIS at 250 m spatial resolution) 
processed between 2000 and 2007 and provided by Dartmouth 
Flood Observatory (DFO).  The hazard map was produced using 
hydroshed at 90 m resolution as well as historical precipitations, 
slopes, catchment areas, type of soils and other geophysical 
parameters (Herold and Mouton, in prep.). The extraction of 
exposure revealed that an average of 53.2 million people 
worldwide are exposed each year to flood events. Mortality from 
flood events is closely associated to the size and growth rate of 
exposed rural populations. Lack of voice and accountability were 

also identified as significant factors. Flood mortality risk is thus 
highest in heavily populated rural areas in countries with weak 
governance.  

In the case of economic risk, smaller, more concentrated floods 
appear to cause relatively greater economic damages than floods 
with a larger extent. The former may affect areas with higher 
population density more severely, while the latter might mostly 
impact relatively lower value agricultural lands. The effect of a 
country’s wealth is much less pronounced for floods than for other 
disaster types. While mortality is concentrated in developing 
countries, significant economic damages from floods also occur 
regularly in North America and Central Europe, for instance.  

The geographical distribution of flood mortality is heavily 
concentrated in Asia. The top ten countries on the Mortality Risk 
Index for floods and their respective values are India, Bangladesh, 
China, Viet Nam, Democratic People’s Republic of Korea, 
Afghanistan, Pakistan. 

3.3 Landslides 

Approximately 2.2 million people are exposed to landslides 
worldwide. In absolute terms, exposure is very high in a number of 
large Asian countries, especially India, Indonesia and China. 
Relative exposure is highest in small countries with steep terrain 
including a number of small island nations. Taiwan, Province of 
China, has the highest absolute GDP, as well as the highest 
relative GDP exposure, both due to earthquake triggered 
landslides. For precipitation triggered landslide, the mortality is 
best explained by the exposure of the population and by local GDP 
per capita (hence related to poverty). Data limitations prevent the 
analysis of economic losses due to landslides. 

The exposure and risk is highly concentrated: 55% of mortality 
risk is concentrated in 10 countries (Comoros, Dominica, Nepal, 
Guatemala, Papua New Guinea, Solomon Islands, Sao Tome and 
Principe, Indonesia, Ethiopia, and the Philippines), which also 
account for 80% of the exposure.  

3.4 Earthquakes 

Nearly 5700 shake maps from past earthquakes events 
(ShakeMaps, USGS) from 1973 to 2007 were used for extracting 
exposure and calibrating the model. Although earthquakes have 
typically a long returning period, for comparing with the other 
hazards a yearly exposure was computed. In average, more than 
100 million people are exposed per year (103.2). Most of them are 
exposed to low intensity. MMI categories V-VI and VII include 
93.0% and 5.8% respectively of the population exposure, but 
account for only 0.6% of the mortality risk. This is in line with 
observation: of the 246,200 people killed by earthquakes over the 
last ten years, 226,000 (91.8%) were killed in just five mega-
disasters (EM-DAT, 2008). 

Earthquake mortality is correlated with exposure GDP per capita, 
rapid urban growth, and voice and accountability. Poorer countries 
with high exposure, rapid urban growth and weaker governance 
have the highest mortality. The top ten countries on the Mortality 
Risk Index for earthquakes and their respective values are China, 
India, Indonesia, Colombia, Myanmar, Guatemala, Pakistan, 
Afghanistan, Iran and Peru.  

OECD countries account for 58% of the modelled annual total 
losses. East Asia also has high absolute modelled economic losses, 
followed by Latin America and the Caribbean. Relative to GDP, 
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modelled losses are most significant in the Middle East and North 
Africa region, followed by Eastern Europe and Central Asia. 

3.5 Multiple risk 

By adding the value of mortality from each individual hazard, a 
multi-hazard risk was computed (for tropical cyclones, floods, 
earthquakes and landslides). Drought and tsunami risk could not 
be characterised (see points 5.2 limitations). Given that drought is 
not represented, mortality risk is underestimated for countries in 
some regions, particularly in Africa. The Fig. 3 shows the spatial 

distribution of this risk. It is possible to aggregate the risk at 
national level. Given the level of precision of the input data, 
precise prediction cannot be achieved. The risk is then classified in 
10 classes and ranking are provided for relative risk (number of 
modelled killed per million inhabitants per year) as well as for 
absolute risk (average number of modelled killed per year). The 
Fig. 4 shows the comparison between countries for both relative 
and absolute risk. This was used to produce the Mortality risk 
index by averaging the classes in both axis. 

 
 

 
Fig.3: Spatial distribution of mortality risk accumulated for tropical cyclones, floods, earthquakes and landslides. 

 
Fig. 4. Absolute and relative multi-hazard mortality risk for tropical cyclones, floods, earthquakes and landslides 
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4. CONCLUSIONS 

4.1 Limitations  

Despite used of the most detailed global datasets, this is a global 
study and should not be used for local land planning. Reports on 
economical losses are still not very accurate and prevented from 
precise evaluation (at country level). GDP is measuring revenues 
not assets, an individual hazardous event can damage assets 
representing several decades of revenues. Similarly mortality is not 
necessarily the best proxy, understanding livelihood loss would be 
more interesting, but so far global databases on livelihood losses 
do not exist. 

On earthquakes, the frequency was based on 5700 earthquakes 
only (from 1973 to 2007), hence areas without seismic activities in 
this period are not taken into consideration. We couldn’t find 
global database on building quality to in the vulnerability analysis. 
GSHAP provides only one returning period, so we lack global 
hazard maps for other returning period (e.g. 50, 2500 years). A 
large consortium (Global Earthquake Model) is currently 
reprocessing all the data to address this issue amongst others. 
However, as a result, what was achieved is a realized risk map for 
1973 – 2007 and we found that the mortality risk was exaggerated 
(about four times higher than recorded losses).  

We failed to characterise risk for drought. This is particularly an 
issue given the significant impacts of this hazard on crops and 
livelihoods, particularly in Africa and in central Asia. This hazard 
differs from other hazard types in several ways: drought develops 
slowly, it is difficult to tell when it starts. It has fuzzy boundaries 
(unlike floods or landslides which affect delimited areas). A 50% 
decrease in precipitation leads to drastic difference if in places 
with 3000 mm or 600mm yearly average. These call for 
differentiated approaches. Few droughts lead directly to mortality. 
Those that do cause mortality have generally occurred during a 
political crisis or civil conflict where aid could not reach the 
affected population. In these cases the mortality should more 
properly be attributed to the conflict than to the drought. 
Completely new approaches are needed for drought. 

From the beginning of the study it was clear that tsunamis risk 
would not be characterised. The event-level analysis requests a 
large sample of events and tsunamis are relatively infrequent with 
only 5–10 events reported globally per year. The aim was to 
attempt to generate a global hazard model from different sources. 
The tsunami exposure analysis therefore focuses on extreme 
events generated by large earthquakes with return periods of 
approximately 500 years (formally, a probability of 10% of an 
event occurring in 50 years). About 38000 people are yearly 
exposed to tsunami. 19 millions inhabitants live in tsunami prone 
areas. 

4.2 Key findings 

Disaster risk is geographically highly concentrated. A very small 
portion of the Earth’s surface contains most of the risk and most 
future large-scale disasters will occur in these areas. Risk will 
increase further if exposure continues to increase.  

Disaster risk is very unevenly distributed. Hazards affect both 
poorer and richer countries. However, for hazards of a similar 
severity, countries with higher incomes and, importantly, higher 
human development levels generally experience lower mortality 
and smaller losses when measured against the country’s total 
wealth. In absolute terms economic losses are higher in richer 

countries, but less so once they are seen as a share of overall 
wealth.  

Risk drivers also includes income and economic strength as well 
as governance factors such as the quality of institutions, openness 
and government accountability. Wealthier countries tend to have 
better institutions, more effective early-warning, and disaster 
preparedness and response systems. 

Risk levels for most of the hazards are increasing over time, even 
assuming constant hazard frequency and severity. Economic loss 
risk is increasing faster than mortality risk. These increases in risk 
are being driven by the growing exposure of people and assets, for 
example through rapid economic and urban growth in cyclone 
prone coastal areas and earthquake prone cities. Vulnerability 
decreases as countries develop, but not enough to compensate for 
the increase in exposure. 

Globally, disaster risk is increasing for most hazards, although the 
risk of economic loss is increasing far faster than the risk of 
mortality. For example, assuming constant hazard it is estimated 
that global flood mortality risk increased by 13% between 1990 
and 2007, while economic loss risk increased by 33%. The main 
driver of this trend is rapidly increasing exposure. As countries 
develop, and both economic conditions and governance improve, 
vulnerability decreases but not sufficiently rapidly to compensate 
for the increase in exposure, particularly in the case of very rapidly 
growing low-income and low- to middle-income countries. When 
economic development stabilizes and slows down, the rate of 
increase in exposure may decelerate and be overtaken by 
reductions in vulnerability, leading to a lowering of risk.  

This study confirms that poorer countries have disproportionately 
higher mortality and economic loss risks, given similar levels of 
hazard exposure. For example, globally, high-income countries 
account for 39% of the exposure to tropical cyclones but only 1% 
of the mortality risk. Low-income countries represent 13% of the 
exposure but no less than 81% of the mortality risk. 

Countries with small and vulnerable economies, such as many 
Small Island Developing States (SIDS) and Land-Locked 
Developing Countries (LLDCs) not only suffer higher relative 
levels of economic loss, with respect to the size of their GDPs. 
They also have a particularly low resilience to loss, meaning that 
disaster losses can lead to major setbacks in economic 
development. The countries with the highest economic 
vulnerability to natural hazards and the lowest resilience are also 
those with very low participation in world markets and low export 
diversification. 
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