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The GAR reports
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Introduction: disasters seen as fast events



© Pascal Peduzzi, UNEP/GRID-Geneva, 2018 4

Disasters are the consequences of slow / continuous 
processes resulting from inappropriate (or lack of) 
choices

Introduction: disasters are slowly built
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Reducing Disaster Risk a challenge for 
development (2001-2004)
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This study was the first one which 
provided a global estimate for human 
exposure to drought, earthquakes, 
floods, tropical cyclones.
It did consider volcanoes:

“Volcanic eruption is important internationally, but lacks 
sufficient data for analysis at this time (see Technical 
Annex).
At an early stage, volcanic eruptions were excluded from
the DRI analysis because of the need to differentiate locally 
between different types of volcanic hazard.
Data for such a task exists and could be compiled into
an international database.”
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From hazard to human exposure
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Using statistical regressions between observed losses, past 
exposure and socio-economic parameters: characterized 
mortality risk for Drought, Flood, Tropical Cyclones and 
Earthquakes, at the national level.
However, there were limitations:
• Flood was not well modeled
• We used the average losses over 21 year period, thus the 

role of Intensity of individual events could not be analyzed
• There were a need for a new approach
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Courtesy of P. Peduzzi and Hy Dao, UNEP, 2007

The Disaster Risk Index (DRI) 
(2001-2004, updated in 2009)

Peduzzi, P., Dao, H., Herold, C., and Mouton, F.: Assessing global exposure and 
vulnerability towards natural hazards: the Disaster Risk Index, Nat. Hazards Earth Syst. 
Sci., 9, 1149-1159, 2009.
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Georeferencing EM-Dat for volcanic eruptions
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PEDUZZI, Pascal, HEROLD, Christian, DAO, Quoc-Hy. Mapping Disastrous Natural Hazards Using 
Global Datasets. In: Natural Hazards, 2005, vol. 35, n° 2, p. 265-289. 
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From Peduzzi et al. 2005. Fig. 8. Map of Etna VEI 2-3 events as geo-referenced using a 10 km buffer. Sources
of lava flows historic map: Behncke B., Dipartimento di Scienze Geologiche, Catania
(IT), http://boris.vulcanoetna.com/ETNA.html.
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Global Database on volcanoes with VEI
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Data source: Smithsonian Institution, Volcanoes of the world.
Map: UNEP/GRID-Geneva in http://www.mapx.org/wesr
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The GAR assessments (2009, 2011, 2013, 2015, 2017)
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GAR 2009, understanding risk.
We used the so called “event per 
event Global Risk analysis” to 
identify the underlying drivers of 
risk.
This was characterised for 
Earthquakes, Flood, Tropical 
Cyclones and Landslides.
We also modeled, tsunamis and 
drought analysis. 



© Pascal Peduzzi, UNEP/GRID-Geneva, 2018 13

Tectonic Hazards

New Global Hazard Datasets created for GAR 2009
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New Human & Economic exposure datasets (1 x 1 km
Population and GDP distribution Models made for every years from 1970 to 2010
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1006 Past floods as detected by satellite sensors
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Compilation of Past Earthquakes ShakeMaps 
5686 events downloaded over the period 1973-2007
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>6500 tropical cyclones events were processed
Global coverage for the period 1970 to 2009.

Using central pressure
Maximum windspeed
Latitude …

Individual past hazardous events modeling
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Nargis 
2 May 2008
Myanmar

Extraction of exposure and 
other parameters
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Date
Iso3
Killed
Est. damages

Footprints Pop. exp. GDP exp. Pop.Urb 
exp.

GDP Urb. 
expCategory

1 10,500,000 43,000,000 4,800,000 32,500,000

2 1,500,000 3,500,000 1,400,000 525,000

3 400,000 800,000 375,000 150,000

Country: Myanmar
Iso3: MMR
Date: 02 May 2008

Preview Tropical 
Cyclones Database EM-DAT, CRED 

DatabaseDate
Iso3

Killed: 138,366

Vulnerability
Database 43 
indicators

Damages: 4,000 US$ millions
GDPcap: 1,227 US$
Voice & acc.: -2.16
Governance efficiency : -1.608
Radio/inhabitant: 99.68%
HDI: 0.592
…
Urban growth: 2.55% 

…

Date
Iso3
GDPcap
Voice & acc.
Governance efficiency
Radio/inhabitant
HDI
…
Urban growth
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1 AIDS estimated deaths, aged 0-49 (% of tot. pop.)

2 non GLC2000 bare land

3 Arable and Permanent Crops - % of non GLC2000 bare land

4 Motor vehicles in use - Passenger cars (thousand)

5 Motor vehicles in use - Commercial vehicles (thousand)

6 Physical exposure to conflicts

7 Corruption Perceptions Index (CPI)

8 Arable and Permanent Crops - Total

9 Arable and Permanent Crops - Percent of Land Area

10 Control of Corruption

11 Deforestation rate

12 % of population with access to electricity

13 Forests and Woodland (% of Land Area)

14 Gross Domestic Product - Purchasing Power Parity per Capita

15 Gross Domestic Product - Purchasing Power Parity

16 inequality (Gini coefficient)

17 Human Induced Soil Degradation (GLASOD)

18 Government Effectiveness

19 Human Development Index (HDI)

20 Per capita government expenditure on health (PPP int. $)

21 # of hospital beds per 100,000 habitants # of doctors

22 infant mortality and malnutrition (though are also factored into HDI)

23 Improved Drinking Water Coverage - Total Population

24 telecommunications (phone density per 100,000 habitants)

25 Political Stability

43 indicators on:
Economy, 
Demography, 
Environment, 
Development,
Early Warning,
Governance,
Health,
Education,
…

List of vulnerability parameters considered
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Risk = Hazard x Exposure x Vulnerability

Calibrated 
using past 
disasters

Modelled 
based on 
physical and 
geographical 
datasets

Population or 
assets as 
extracted using 
GIS.

To be identified 
using multiple 
regression 
analysis.

Equation of risk used in the study *

* UNDRO (1979), Natural Disasters and Vulnerability Analysis in Report of Expert Group Meeting

Events footprints (8762 physical events): 5686 Earthquakes, 1106 floods, 4182 
tropical cyclones). For which we extracted exposure and socio-economical 
contextual parameters: a database of 124,000 records (over 40 years, 208 countries, 
43 parameters, in theory > 375,000 data cells, but “some” no data : 124,000 data 
cells).
Events with reported losses successfully georeferenced:
718 Earthquakes, 620 floods, 1525 tropical cyclones).
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Simplifying the equation

Introducing the factors and their weights

Where: 
R = risk of losses from a specify hazard type
C = multiplicative constant
PhExp = physical exposure, i.e. the population exposed per year to a specific

hazard
Vi = vulnerability factors (socio-economical parameters)
αi = exponents of PhExp and Vi

Taking the logarithms

A multiplicative model

n
nVVVPhExpCR   ...2

2
1

1
0

)ln()...ln()ln()ln()ln()ln( 22110 nn VVVPhExpCR  

VPhExpR VExpHR  
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What are the main factors increasing risk?

• The severity of hazards
• The exposure
• Poverty (low GDP per capita)
• Poor governance (low voice and accountability)
• Rapid urban growth, when associated with low 

development and low governance (for earthquakes)
• Remoteness (for floods)

The role of vulnerability decrease with intensity, while 
the role of exposure increase!
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From hazardous events to frequency and 
exposure



© Pascal Peduzzi, UNEP/GRID-Geneva, 2018 26

Aggregation of human exposure at country level
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Aggregation of economical exposure at country level



© Pascal Peduzzi, UNEP/GRID-Geneva, 2018 28

Landslides risk
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About 2.2 million people 
are exposed to 
landslides worldwide.

55% of mortality risk is 
concentrated in 10 
countries, which also 
account for 80% of the 
exposure. 

Comoros, Dominica, 
Nepal, Guatemala, 
Papua New Guinea, 
Solomon Islands, Sao 
Tome and Principe, 
Indonesia, Ethiopia, and 
the Philippines

Landslides (modelled for both precipitation 
and earthquakes)
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Flood risk
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Disaster risk is intensively concentrated
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Tropical cyclones riskEarthquakes riskMultiple Risk
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Cyclone mortality risk Flood economic loss risk
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GAR 2013: trend analysis 
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GAR 2013 and 2015 concentrated on 
probabilistic methodology and on economic risk
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More than 50% of world population is now urban…
… and about a third of urban population lives in slums
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Vulnerability varies with the hazards and is a 
f(x) of intensity

36

Fig.1.8 GAR Atlas 2017, adapted from Cardona et al. 2015
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Exposed elements
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Hazard scenarios
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Losses scenarios
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Economic risk

41

From these scenarios we can derive two figures:
• The Maximum probable loss (PML)
• The Annual Average loss (AAL)
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GAR 2015, studied ash falls
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Why volcanic eruptions were not included ?
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“Volcanic eruptions. The variability of volcanic hazards was too complex to be 
entered into a general model.
Volcanic hazard ranges from lahars linked with precipitation level, seismicity, 
topography and soils characteristics, to tephra falls influenced by the prevailing
wind direction and strength, and phreatomagmatic eruption. Despite this 
complexity, much data is available for volcanic hazard and each active volcano is
well described. Data needed for a global assessment of volcanic risk probably 
exists. But a finer resolution for elevation is needed. It would be necessary to 
include data on the shape and relief of volcanoes, computing slopes and hazard 
from lahars. Remote sensing analysis for local assessment of danger and 
population distribution would also be required.”

Peduzzi, P., Herold, C., Dao, H. (2005) Mapping Disastrous Natural Hazards 
Using Global Datasets. In: Natural Hazards, vol. 35, n° 2, p. 265-289.
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Global multi-hazards AAL relative to capital stock
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2017
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There are three different links between environment and risk
1) The decline of ecosystems is leading to further risk
2) The industrialization is leading to increase risk of Natech

hazards.
3) New substances and pollution are adding new threats to 

health.
e.g. Air pollution kills 6 million per year.
New chemical substances are adding to new risk of cancer.

GAR 2019 and further


