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Abstract. The increased interest for categorising countries at risk calls for an improved
methodology allowing comparison of natural hazard impacts at a global level. A disaster is the
intersection between a hazardous event, the elements at risk (population, infrastructures) and
their vulnerability. In order to associate reported impacts with affected elements and socio-
economic or geophysical contextual parameters, geographical location and extent of hazards is
needed. The scope of this paper is to present improved automated procedures for a rapid
mapping of large disastrous hazard events (floods, earthquakes, cyclones and volcanoes) using
Geographical Information Systems (GIS) and available global datasets. Up to 82% of the
events and 88% of the reported victims could be geo-referenced and the results highlight both
the potentialities and limitations of the methods applied.
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Abbreviation: CNSS — Council of the National Seismic System; CRED — Centre for Re-
search on the Epidemiology of Disasters; DEM — Digital Elevation Model; DFO — Dart-
mouth Flood Observatory (University of Dartmouth, USA); EM-DAT — Emergency Events
Database (OFDA/CRED); FAO — Food and Agriculture Organization; FEWS — Famine
Early Warning System Network; GIS — Geographic Information System; NGDC — National
Geophysical Data Center; OFDA — Office of US Foreign Disaster Assistance; PREVIEW —
Project of Risk Evaluation, Vulnerability, Information & Early Warning (UNEP/GRID-
Geneva); UNEP/GRID-Geneva — United Nations Environment Programme/Global Re-
source Information Database — Geneva; VEI — Volcanic Explosivity Index; WRI — World
Resources Institute

1. Introduction
1.1. CONTEXT

A number of initiatives from international organisations attempt to catego-
ries countries according to their levels of risk from natural hazards, either for
advocacy purposes or for the prioritisation of budgets dedicated to risk
reduction or to relief aid. Two recent examples of such studies are the annual
World Disasters Report (IFRC, 2003) and Reducing Disaster Risk: A
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Challenge for Development (UNDP, 2004). A key component for the prep-
aration of such publications is the use of international databases with global
coverage and comparable methods for the estimation of figures. The two
above reports are based on the only publicly available global database on
impacts from natural hazards: EM-DAT from the Centre of Research on
Epidemiology of Disasters (CRED)."

1.2. RISK, HAZARD, VULNERABILITY

Besides reliable and comparable data, clear definitions of concepts are first
needed. “The term risk refers to the expected losses from a particular hazard to
a specified element at risk in a particular future time period. Loss may be
estimated in terms of human lives, or buildings destroyed or in financial terms.”
(UNDRO, 1979). The risk results from three factors:

— “Hazard occurrence probability, defined as the probability of occurrence
of a specified natural hazard at a specified severity level in a specified
future time period;

— Elements at risk, an inventory of those people or artefacts which are
exposed to the hazard; and

— Vulnerability, the degree of loss to each element should a hazard of a
given severity occur” (Coburn et al., 1991).

Databases such as EM-DAT provide figures on past human and financial
losses (the realised risk). Statistics delineate great discrepancies between the
number of casualties resulting from hazardous events of comparable scales
depending on their locations (Blaikie ef al., 1996; Smith, 1996; Tobin and
Montz, 1997). These differences can be explained by the vulnerability of the
elements at risk, e.g. the human vulnerability to a natural hazard, the pop-
ulation capacity to cope with the event.

An estimation of human loss can be performed by computing the ratio
of killed per population affected (Peduzzi et al., 2001, 2002; UNDP, 2004).
For this purpose the areas affected by individual hazards need to be
identified in order to evaluate the population affected. Therefore, knowl-
edge on its location constitutes a compulsory step for understanding why a
hazardous event is turning into a disaster. Comparing discrepancies be-
tween resulting losses in different countries calls for a standardised method
for the computation of the areas and populations exposed to natural
hazards.

' EM-DAT: The OFDA/CRED International Disaster Database, Université Catholique de
Louvain, Brussels, Belgium (http://www.em-dat.net/).
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1.3. GEO-REFERENCING

Global databases on losses, such as EM-DAT, do not provide a proper geo-
reference of the reported events. Figures are generally given on a country by
country basis; place names and, less frequently, a unique pair of coordinates
provide a more precise indication of the location, but say nothing about the
event extent nor on the exposed elements (population, land, etc.).

Methods for global mapping of disastrous events at a sub-national level
were developed by Verelst (1999) and Food and Agriculture Organization,
FAO (2001).> These methods, based on the names of first administrative
units, were applied to respond to a certain level of decision for intervention
and preparedness. They are useful for decision-makers since the legal
responsibility for intervention lies with administrative entities.

However these methods are inappropriate for comparing situations across
countries and regions because the first administrative level, as well as other
levels, varies significantly in size and population. Furthermore, earthquakes,
floods, cyclones and all natural hazards do not follow administrative
boundaries, especially when these administrations cover large areas. The
identification of the areas physically affected by such hazards requires
extensive modelling. If sophisticated GIS models have been developed for
this purpose, the main difficulty while producing a global survey is the access
to data with a global coverage offering similar levels of quality for com-
parison purposes. One cannot use detailed data available in some locations
and rough estimates for others.

1.4. OBJECTIVES

The issue of missing relevant spatial information at the global scale was a
major concern during previous research at United Nations Environment
Programme/Global Resource Information Database-Geneva (UNEP/
GRID-Geneva) (Peduzzi et al., 2001, 2002; UNDP, 2004). The aim of the
present research is to improve the identification of affected areas and pop-
ulations by moving from an approach based on administrative boundaries to
an identification of affected areas by geo-physical models. Although EM-
DAT was not initially designed to be geo-referenced, the information in-
cluded such items as coordinates of earthquakes, names of cyclones, names of
volcanoes or comments, which can be used to produce links with geo-spatial
databases and maps, in order to identify the spatial extent of each reported
event. Subsequently, this study should highlight the information to be sys-
tematically introduced into impact databases for a simplified linkage of
reported losses with geo-physical databases. This article does not address the
precise location of events for prevention and mitigation purposes, but

2 Some geo-spatial datasets created with this method are available at http://www.em-dat.net/.
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responds to the needs of decision-makers at the global level who want to
further understand and identify vulnerable populations.

Part 2 of the article presents the best available datasets with a global
coverage for identifying areas affected by floods, earthquakes, volcanoes and
tropical cyclones. It is followed by the presentation of procedures that can be
applied for linking the hazards with their impacts as reported in the EM-
DAT database with the help of Geographical Information Systems (GIS).
The strengths and weaknesses of the methods are presented but a full
description of the geo-spatial modelling process is not the focus of the present
paper. The article concludes with a discussion on potential improvements
and applications of the EM-DAT.

2. Availability and Level of Geo-reference of Global Datasets
2.1. DATA ON LOSSES: THE CRED EM-DAT

Three databases currently record impacts from natural hazards world-wide.
Two of them are maintained by private re-insurance companies (namely
Sigma from Swiss Re and NatCat from Munich RE) but these are not in the
public domain, whereas the Emergency Events Database (EM-DAT) is. It
was created in 1988 and maintained ever since by the Centre for Research on
the Epidemiology of Disasters (CRED) at the University of Louvain (Bel-
gium). It is freely downloadable on the web® and regularly improved and
updated. Other publicly available databases exist but without global cover-
age, such as for example DesInventar maintained by La RED, which covers
so far 16 countries of Latin America.

CRED plays a key role in global risk assessment studies. Data is com-
piled from verifiable sources, including UN agencies, non-governmental
organisations, insurance companies, research institutes and press agencies.*
EM-DAT contains data on about 13,000 disasters, retrieving available
information back to 1900 and continues to collect any new event that
includes at least one of the following characteristics: more than 10 casu-
alties, 100 affected, a call for international assistance and/or a declaration
of a state of emergency.

The natural disasters reported by CRED are droughts, earthquakes, epi-
demics, extreme temperatures, famines, insect infestations, floods, slides,
volcanoes, wave/surges (tsunamis), wild fires and windstorms (including cy-
clones). Human impacts are reported as follows: killed, injured, homeless, as
well as an evaluation of affected people. The financial losses are introduced
when available in equivalent US$ and/or in local currency. A comparative

3 See at http://www.em-dat.net/.
4 See detailed list at http://www.em-dat.net/.
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study, of EM-DAT, Sigma, and NatCat carried out on four countries
between the three databases (Guha-Sapir and Below, 2002), shows that the
data collected vary significantly (up to 37% difference for casualties, 66% for
those affected and 35% for damage). This highlights the difficulties of
achieving a precise evaluation of areas affected by a hazardous event and the
need for an independent method to assess the population affected.

The information included in EM-DAT that can be used for geo-refer-
encing varies from general comments on place names to precise latitude/
longitude coordinates (e.g. for earthquakes). The columns providing direct or
indirect information on the location are the following:

— Country (name of the country)

— DisName (name of the disaster, useful for cyclone and hurricanes)
— Year, month, day (for location in time)

— Location (usually name of provinces)

— Latitude, longitude

— Comments

The present study focuses on four natural hazards (cyclones, floods, earth-
quakes and volcanic eruptions) during the 21 year period from 1980 to 2000.
This period was chosen after establishing that access to information on
casualties appears to decrease logarithmically before 1980.

Geographical coordinates (latitude and longitude) are only provided for
41% of earthquakes and 50% of volcanoes (see Table I).

2.2. DATA ON HAZARDS

A number of institutions world-wide are concerned with the collection of
data on hazards at a global scale. In the context of the present study, the
specific characteristics needed are as follows:

— time, location and extent of the disasters;

— severity (i.e. any information permitting the distinction between major
and minor events);

— disaster names (cyclones and volcanoes).

Table I. EM-DAT disaster records with information on location (1980-2000).

Disaster type  No. of  Killed Country Place names Event name Coordinates
events names

Earthquake 617 158,551  100% 44% - 41%

Flood 1628 170,010 100% 37% - 0%

Volcano 88 25,977  100% 84% 97% 50%

Cyclone 1076 245,546 100% 79% 57% 0%
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2.2.1. Cyclone data

There are several types of wind storms. This part of the study focuses on
tropical cyclones only, because this phenomenon follows processes that can
be approximated by models such as developed by Holland (1980). The
minimum required data are the central pressure, windspeed, latitude/longi-
tude and time. Different sources (including the World Meteorological
Organisation centres and other national agencies) were found on the Internet,
as listed in Table IV (Appendix A). Some procedures were needed to har-
monise the different units (e.g. knots versus meters per second or mbar versus
hpa) used in different countries. An application for automatic conversion has
been developed at UNEP/GRID-Geneva in order to provide a standardised
version.

The information used were the date, name of cyclones, time, latitude,
longitude, estimated central pressure (hPa), estimated maximum sustained
surface wind (m/s) — the measures made every 6 hours allow the computation
of the average velocity of the cyclone ‘migration’.

2.2.2. Flood data

No global database on floods, covering the period of the study, was available.
Although the Dartmouth Flood Observatory (DFO)° is constantly improv-
ing the temporal coverage of its flood database (1985 to 2003) and provides
highly relevant information on floods, including duration and severity, the
files provided on the internet are only gross approximations of areas affected
at global scale. Furthermore, global mapping of flood hazards from earth
observation satellites will remain difficult for events that occurred when radar
images were not available (before 1991, date of the launch of the European
Radar Satellite — ERS-1). Therefore the data used to estimate flooded areas
were the watersheds derived from the USGS HYDROI1k Elevation Deriva-
tive Database (see Table IV in Appendix A for URL and sources) at a res-
olution of 30 arc-second (or 0.00833 degree; 0.9 km at the equator). The
original HYDRO1k data consists of polygons (drainage basins) organised in
a hierarchy of watersheds.

2.2.3. Earthquake data

Numerous organisations record earthquake epicentres and magnitudes. The
most complete and convenient one for the purpose of this study was the
Earthquake Catalog provided by the Council of the National Seismic System
(see sources in Table IV in Appendix A). This database offers a global

3> Darmouth Flood Observatory http://www.dartmouth.edu/~floods/index.html.
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coverage from 1964 and is updated daily. Three hundred and thirty events are
recorded for the period 1980-2000.

All the information needed for the model was available: date, time, lati-
tude/longitude (in decimal degrees), depth and magnitude. The epicentre
location has a precision of 0.01 degrees (= 1.1 km at the equator).

2.2.4. Volcanoes

The magnitude of volcanic eruptions is provided according to the Volcanic
Explosivity Index (VEI). This is a magnitude established by Newhall and Self
(1982), integrating quantitative data as well as descriptions of observers. The
scale (0 to 8) describes an increasing explosivity. Each level corresponds,
among others, to a particular volume of explosive products, eruptive cloud
height and descriptive terms (Simkin and Siebert, 1994).

The information contained in the database covers the year of eruption, the
month and day, latitude/longitude, the magnitude (VEI), the name of vol-
cano and the country.

2.3. PRECISION AND LIMITATIONS

Several general remarks and caution must be discussed before any analysis
and interpretations of results are performed.

2.3.1. Victims

Table I depicts the number and percentage of EM-DAT events with different
levels of geo-reference. Although all of the events include information on the
country, only a portion of them includes a more precise location (i.e. place
names, geographical coordinates).

2.3.2. Natural events

Core geo-spatial data for most of the events were available, except for floods.
In several cases, geophysical datasets show missing years and/or missing
countries. For example: cyclone tracks are available for 20 years world-wide,
except for India, Pakistan and Bangladesh where only 9 years were found.
The main contribution of this study is to extrapolate an area for each
potentially hazardous event from point coordinates or place names.

3. Modelling Methods
3.1. TROPICAL CYCLONES

Three types of physical impacts have to be taken into account to estimate the
area and population affected by a cyclone: the wind velocity, the storm
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surge® as well as heavy rain producing floods. The possibility of geo-refer-
encing the CRED database was tested using a wind model, but other models
including storm surge or precipitation could be used in the same way, as long
as detailed data on temperature, elevation, bathymetry and coast lines are
available.

Moving from tracks of cyclones to an area can be modelled using a
complex formula taking into account central pressure, windspeed and other
variables. For transforming tracks of cyclones into a windspeed surface,
several models are available. One of them is derived from a model developed
by Holland (1980) from an original approach by Schloemer (1954) and fur-
ther adapted by UNEP/GRID-Geneva.

Automated procedures were applied in order to process 21 years of data
for cyclones world-wide to produce buffers according to the maximum sus-
tained surface winds and central pressure, the outputs consisting on Saffir-
Simpson windspeed classes (Mouton and Nordbeck, 2003). This dataset
called Project of Risk Evaluation, Vulnerability, Information & Early
Warning (PREVIEW) — Global Cyclone Asymmetric Windspeed Profile, is
available for download.’

Once the buffers are computed, each file name includes the cyclone name
and year allowing the creation of a double ‘key’ based on year and cyclone
name. Alternatively, if the name of the cyclone was not introduced into the
CRED database, links could be made using the precise date (year, month,
day) and the intersection with country reported in EM-DAT. This last
method is not as straightforward and requires a little intervention from the
GIS operator. Figure 1 describes the procedures as well as an example for the
cyclone Angela.

For cyclones that have a name in EM-Dat, a link was made using the
cyclone’s name and the year from both tables (PREVIEW Global
Cyclones Asymmetric Windspeed Profile and EM-Dat). A verification was
applied by looking at the match with month and day, and by intersecting
the cyclone’s buffer with the country indicated in the EM-Dat record. If
the name was not mentioned in EM-Dat, the vector borders of the
concerned country were intersected with the cyclone buffers for the se-
lected year, month and region (as described in Figure 1). A link was
created for any cyclones that intersected with the country during the
specific month.

® The sea level may rise up to 5 m under the action of winds during a hurricane. This higher
wave can rapidly flood a shallow coastal area. The local topography can also contribute to a
concentration of these waters when returning to the sea.

7 http://www.grid.unep.ch/data/gnv200.php.
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Method for cyclones with name

Link using
Table EM-Dat comumon {fcids PREVIEW-Cyclones Link EM-Dat table field
= 4= = "DisName" with PREVIEW
| ] _® > F] Cyclones field "Name"

[DisName | Angela | %% Link field "Year" in both database

Country | Philippines?

Year 995 Verification

Month 1

Day Once a match between the

name and the year is found, a
verification is run to see if the
cyclone intersected the
specified country during the
same month and day.

Method for cyclones without name

Table EM-Dat Link using PREVIEW-Cyclones Country borders
,_ common fields and p— i —
= spatial intersection B _4—}_ i 1__//,
L4 - L ®> ==

C b > === Spatial intersection
Cou Philippinest - -~ -----=-==-======1 / l:e_gl:llﬂ
Year 1995 g j Database
Month |11 — Ty !

All the cyclones for the specific

vear, month and region are
lected, then the windspeed

buffers are intersected with the

mentioned country. [ Yoar [1995 |

= Intersection

Information
layers

Links

4 Tables

Figure 1. Links between EM-DAT and geo-spatial cyclone datasets.

3.2. FLOODS

Flood is the only event type where no automated procedures could be ap-
plied, because event names are non-existent for floods and no geographical
coordinates are provided in EM-DAT. Some improvements were also nec-
essary to remove data artefacts in the HYDROI1k data: watersheds in Asia
had to be closed in high latitudes; some watersheds of small size (a few pixels)
did not have any ID code (mainly in coastal areas), and in such cases they
were absorbed in the surrounding watersheds. Furthermore, the watershed
data about Australia was not available in electronic format and had to be
digitised from the Australia’s River Basins 1997 map (see Table IV in
Appendix A).® In order to have all the watersheds in the same projection,

8 At the time the present study was carried out, the digital version of the Australia’s River
Basins 1997 was not yet available on-line.
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they were re-projected in decimal degrees from the original azimuthal
Lambert projection.

The HYDROI1k watershed map represents only an approximation of
flooded areas but a more complex modelling based on elevation, slopes,
presence of vegetation, type of soils and climatic data was beyond the scope
of this study.

A straightforward procedure was then applied: names of cities, streams,
regions, provinces or states were identified in the EM-DAT columns ‘loca-
tion’ and ‘comments’, and their coordinates were obtained from gazetteers
(see Table V in Appendix A). These points were then used to select the
affected watersheds as described in Figure 2. Finally, for each flood event, the
disaster number is assigned to all the affected watersheds.

This procedure requires the most intensive human intervention, firstly in
searching the geographical coordinates of the locations and entering them
into a GIS, but also for verifying possible errors, paying attention to the
following aspects:

— every point should be in the country defined by the disaster number;
— only one point by watershed per event,

A GIS operator is searching the coordinates of names
mentioned in the CRED database, such as cities using
gazetteers and name of rivers extracted from the Digital
chart fo the world. This information is introduced as points
or as lines (for rivers). Rivers from Digital
CRED database Chart of the World Gazetteers
e —T L+ + 1 + [
Country Paland "'I = 3 e 1
DisType Flood
Year 1997 1
Comments West & Southwest Reg.
# LLOYD.CAS.WK: Oder + Watersheds
River, City Of Opole, & (from USGS HYDROIK)
310.000hct Under Water, 10 + + —
Towns & 7 Villages Inundated # - H N ]
1FRC: 2% OF Agricultural + @ > L
Production Will Be Lost #
IFRC: 50.000 Houschold + +
Affected, 665.835 Het Arable
Land Flooded, 600 Schools Polylines of rivers City of Opole:
Affected # UN:OCHA: 40.0 (ex. Oder River) S0'41N,1735E

This information is then intersected
with the USGS HYDROIK to identify
the affected watersheds (in light gray).

-
Legend e intersection [] Watersheds
o selected

=i = | Countries s ——— ™
[ Detabare S=Eae — River Y hekia 0 %

GIS Operator + P“’::ds - Ki }/31 ey
Link: . & web introdu - Kilometers )
T Lais %mm manualy 0 100 00 T =

Figure 2. Information on floods from EM-DAT linked with geographical information.
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— no duplicates (points having the same coordinates and disaster number);
— no points having coordinates not corresponding to a watershed (points
out).

The method could be improved by adding detailed flood models. The release
in 2004-2005 of a global Digital Elevation Model (DEM) at 90 m from the
shuttle would drastically increase the resolution. Radar imagery could be
used directly for determining flooded area, as already performed by ESA or
the DFO and other agencies as seen in Figure 5. Obviously, this can only be
applied to floods that have occurred after the launch of such satellites. The
price of radar imagery is becoming more affordable allowing more possi-
bilities for mapping. For previous events, a model of the surface affected is
needed. Even for floods as detected by radar images, the area exposed is
greater than the actual recorded flooded area: slopes, fields, houses are also
affected by water going down-stream, whereas the flooded area is only re-
corded by satellite as large surfaces of water lying at the bottom of valleys.

3.3. EARTHQUAKES

The columns ‘latitude’ and ‘longitude’ of EM-DAT (epicentre location) were
used to link the table of earthquakes with impacts as depicted in Figure 3.
Buffers were drawn around each point to reflect the area affected by the
earthquakes. Earthquake effects on the earth’s surface are direct conse-
quences of magnitude, depth of the hypocentre, distance to epicentre and
subsoil effects, but once again, the model had to be simplified as the soils and
fault orientations were not available globally.

Ancillary data

®>

lat/long + Date ‘

CRED database j > —f CNSS database +

DisNo 19920202_| 19920059

Country Afghnnistad Pakistan

DisType | Earthquake | Earthquake |
Year 1992 1992 Date 1992/05/20 N
Month 5 5 j Time 12:20:32.85 . ‘
Day 20 20  Lat 33.3770 Afghanistan b
Killed 14 i6 Lon 713170 \1 Pakistan
Injured 100 Depth 16.30 =
Homeless 0 | Mag 6.00
Affected 6500 Magt Mb
TotAff 6600 Nst 432
DisScale | 5.5 Richter | 5.5 Richter Gap
Location Peshawar, Clo

Kohat districts RMS 1.07
Latitude | 34.0IN 34.01N SRC NEIL R derived from model,
Longitude | T1.40E TL40E Event ID | 199205204032 | ¢ } from CNSS

Legend F - s - Information
5 .j Database g5 [Intersection g layers Links E Tables

Figure 3. Earthquakes connection between EM-DAT information and geodatasets.
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Table 11. Buffer distances in relation to magnitude.

Magnitude Buffer radius
<6.3 75 km
6.3-6.7 125 km
6.8-7.2 150 km
7.3-7.7 175 km
>7.7 200 km

A choice was made to produce seismic hazard zones using the seismic
catalogue of the CNSS. Records of the 21 year period (1980-2000) were
grouped into five magnitude classes. The thresholds for radius were fixed
based on magnitude for which an estimation of ground motions duration, for
specific acceleration and frequency ranges, is higher or equal to one second,
as described in the table “Bracketed duration in second” from Bolt et al.
(1975). Table II shows the resulting buffer distances.

Figure 3 describes the procedure followed to locate earthquakes.

The method presented in this study is automatic; this would not have been
the case if geo-referencing was performed using the administrative names
found in the column ‘comments’, a time consuming approach when hundreds
of events are concerned.

3.4. VOLCANOES

The names of volcanoes are provided in the CRED database under the
column ‘DisName’. This information associated with the name of the
country — to reduce possible confusion — allows a link of CRED data with the
Worldwide Volcano Database from the National Geophysical Data Center
(NGDC; see Table 1V in Appendix A for references) and to extract crater
coordinates as well as the VEI used to derived the area around each volcano
(from the NGDC: World-wide Volcano Database). Figure 4 describes the
procedure for geo-referencing the EM-DAT for volcanoes.

The manifestations of volcanic activity vary significantly, depending on
volcanological and regional characteristics. For instance, lahars are linked to
many parameters such as pluviometry, seismicity, topography and soils
characteristics, among others. Tephra falls are directly influenced by dominant
wind direction, and may affect areas hundreds of kilometres away from the
eruption. Ground water access to the magma may produce phreatomagmatic
eruptions and thus significantly increase the level of explosivity. Each volcano
should be (and even could be — as they are well studied and not too numerous)
modelled individually. To give a rough idea on what could be performed as a
first evaluation, a procedure taking into account VEI was applied to draw a
surface around volcanoes according to their magnitude of eruption.
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CRED database ~—— NGDC - Worldwide ‘

- g Volcano database Ancillary data
DisNo 19810272 | i ) s
Country _|Indonesia [ N b _Z
DisSubset |Volcano Country, Date, + =z ’z//”

DisName |Mount Semerus— name of volcano =

Year 1981 = l

Month |3 — b
Day 2 — A
Killed 192 |

Injured 1Country | Indonesia

Homeless 4 Volcano | Semeru Java

Affected —4 Date 02.03.1981 Mt Semeru

Location Latitude | -8.108 Bali
Latitude Longitude | 112.92 LI IKiometers

Longitude VEI 2-3 RSO0 a0

Legeﬂr Links < < > Intersection ] Database — T Tables

layers

Figure 4. Volcanic eruptions, EM-DAT information linked with geo-spatial datasets.

As the principal causes of direct deaths are linked to explosive events, two
groups of magnitudes were defined. The first one corresponds to VEI levels 2
and 3, described as explosive eruptions. The second corresponds to levels 4 to
8, described as cataclysmic, paroxysmal or colossal eruptions. The distances
of 10 km were assigned to the first group and 30 km to the second. The
choice of the distances was based on numerous maps of area affected as
drawn from ground measures using various sources. The first two VEI levels
(0 and 1) were disregarded, as they are usually not dangerous. Although
casualties may be caused by small eruptions, they mostly result from sec-
ondary effects (e.g. lahars following precipitation, snow and ice melting,. . .).
These are impossible to model at a global scale and request in situ precise
data.

Ultimately the use of remote sensing and/or ground observation, would be
the only way to achieve a proper definition of the area affected. A model of
lava and lahar flows cannot be produced with efficiency due to the possible
deformation — or even transformation — of the volcano during the eruptions.
The simplified version provided here is a first cut-off for the area affected. In
Figure 4, only the country borders are provided as background but infor-
mation on slopes, elevation, population and other spatial layers could be
added once the geo-referencing is achieved, in order to better estimate the
risk faced by the population and the potential needs for prevention or relief
actions.

4. Results and Discussion

The objective of the work was to geo-reference disastrous events as recorded
in EM-DAT. Automated methods such as described in this research do not
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Table I11. Proportion of EM-DAT events which could be geo-referenced (1980-2000).

Hazards EM-DAT records After geo-referencing

Number Victims Events Geo-ref. Geo-ref. % Geo-ref. % Geo-ref.

of events with events  victims events victims
coord. %
Earthquake 617 158,551 41 238 98,035 39 62
Flood 1628 170,010 0 1339 145,191 82 85
Volcano 88 25,977 50 40 22,736 46 88
Cyclones 1076 245,546 0 666 216,785 62 88

aim to compete with local impact mapping. As explained in the introduction,
the quick geo-reference method aims to answer needs at global level using
global data sets. A first quantitative evaluation consists in assessing the
percentage of events that could be geo-referenced using the present methods.
A second qualitative verification was carried out in order to assess the
validity of the geo-reference method. A certain number of verifications were
made using available maps of areas affected using either remote sensing
techniques, or on ground measurements. These methods are described in
parts 4.1 to 4.5. The four following examples illustrate either successes or
difficulties of the geo-reference. They were chosen because they are well
studied cases allowing multiple cross-references. Comparisons with the other
alternative ways (e.g. using administrative units) are included; advantages
and inconveniences of both methods are discussed.

The information in Table III depicts the number of events that could be
geo-referenced.

Using the informationin EM-DAT, the location and the spatial extent could
be determined for up to 82% of the events and 88% of the victims within the
period 1980-2000. The usually higher percentage of victims as compared with
the percentage of events geo-referenced shows, quite logically, that severe
events are generally more completely described, typically for earthquakes and
volcanoes. It is to be noted that the percentage of geo-referenced earthquakes
and volcanoes are less than the percentage of EM-DAT records with geo-
graphical coordinates. This is partly because it was not possible in some cases to
find a match between the database on volcanic eruptions and EM-DAT due to
differences in coordinates, names and/or dates, but also due to the fact that only
major earthquakes and volcanic eruptions were modelled (respectively with a
magnitude equal to or greater than 5.5 and with a VEI equal to or greater than
2). Therefore some EM-DAT events, probably caused by low intensity earth-
quakes or eruptions, were not geo-referenced.

Cyclones give an other example of the importance to have an event name
in EM-DAT. If an average of 61.9% of the cyclones could be geo-referenced,
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this proportion is in fact 85.6% for cyclones with names and 30.5% for the
ones without names. In the latter case (463 cyclones), 322 events could not be
linked to the geo-spatial datasets because either no correspondences were
found (259 events) or more than one correspondence was identified if several
cyclones hit the country during the same month (this case occurred 63 times).
In such cases, a manual verification might be performed to check which
cyclone had the best match, using the day and information included in the
column ‘comments’.

IMustrated descriptions of the modelling results are provided further below
for each hazard type.

4.1. FLOODS

Modelling the extent of disastrous flood events can be illustrated by the case
of Mozambique floods in 2000, which drew particular attention from the
media and the relief community.

Figure 5 identifies watersheds affected by the flood (dark grey): the areas
are better defined than using the geo-reference at first administrative level

4" Mozambique

Inhambane

( Flooded area as detected by
/% | ERS SAR radar image (ESA)

Provinces reported affected
" in EM-DAT (CRED)
Maputo Affected watersheds from

) HYDROIK (USGS)
g Cartography: UNEP/GRID-Geneva 2003

Figure 5. Map of floods in Mozambique (February—March 2000) comparing satellite
observations and geo-reference models. Sources of radar image: http://earth.esa.int/ew/
floods/mozambique_00/.
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(light grey). An example of possible direct observation is provided by the
radar detection (in black), but only covers a portion of the area affected
(highlighted by the polygon A).

As already stated, this paper does not focus on precise modelling proce-
dures, but on how to provide rapid geo-referencing of EM-DAT database
using existing global datasets. However, two weaknesses of the method must
be stressed. Firstly, entire watersheds are so far selected, whereas only a
portion of them are actually flooded. The second aspect to be considered is
the size of watersheds in the HydrolK dataset, some being very large and
some much more detailed. This is particularly true for central Asian coun-
tries, where the DEM lacks appropriate precision. All these parameters lead
to an exaggeration of the area flooded and not necessarily in a consistent
way.

Improvements on flood magnitude could also be achieved by incorpo-
rating more precise models including elevation, soils, land cover and com-
putation of daily potential evapotranspiration fields computed with the
Penman—Monteith equation (Allen ez al., 1998) as performed by Artan et al.
(2002) for the Famine Early Warning System Network (FEWS) for
Mozambique and by Funk ez al. (2003) for developing an historical African
rainfall.

4.2. EARTHQUAKES

To test the relevance of the simplified model developed for the purpose of this
study the example of Izmit earthquakes of 1999 (Figure 6) was chosen be-
cause of the large availability of on-ground information and maps. A map of
impacts based on ground measures (black areas) delineates Modified Mercalli
Intensity Scale levels VII and VIII (considerable damage to poorly con-
structed buildings).

Both geo-references from administrative borders and from the model are
close to the actual impacts. In this example, the administrative units are
relatively small and the event is large. However, with a lower magnitude
event and larger administrative divisions, the result using first administrative
level would be much poorer as compared with the model.

The general lack of data on habitat quality, the complexity of earthquake
modelling (chaotic impacts depending on population activities at the moment
of the event), implies a drastic generalisation. However, the model could still
be improved if types of soil as well as orientation of faults become available.
The use of a formula for transforming magnitude into intensity such as
developed by Kawasumi (1951), would lead to the improvement in the size
and shape of the ellipsoid for identification of the area affected, as well as
introducing a measure of intensity, necessary for determining potential harm
to population.
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Figure 6. Map of Izmit earthquake comparing observations and geo-reference models.
Sources of extent derived from on-ground measures according to the map from the
Department of Earthquake Engineering, Kandilli Observatory and Earthquake Re-
search Institute, http://www.koeri.boun.edu.tr/depremmuh/rms2.jpg.

4.3. CYCLONES

The method for geo-referencing tropical cyclones (see an example of the
windspeed model in Figure 7) appears to be efficient: windspeed buffers are a
realistic representation of the area affected by different windspeeds through
time. In many cases, the information reported through press agencies and
other sources fail to specify if the location is a city or a province. In this
example — cyclone Angela in 1995 — the entry in EM-DAT specifies three
affected locations: Luzon, Visayas and Calauag. Four administrative units of
the first level can be selected using this information: Central Luzon and the
three units of Visayas: East, Centre and West. The name of Calauag corre-
sponds to three different cities located in different administrative units. This
ambiguous indication therefore limits geo-reference using place names in
EM-DAT. The spatial approach is quicker and allows an identification of
affected areas independently from reporting sources. It also provides a spatial
distinction between categories of wind.

In Figure 7, the model based on independent climatic data provides the area
affected through time; to verify the accuracy of the model, one can superim-
pose the satellite image (GMS-5 of 2 November 1995 at 5:03 UTC). The
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Figure 7. Map of Cyclone Angela (1995) as geo-referenced using different models.
Original data sources: Cooperative institute for meteorological satellite studies, Uni-
versity of Wisconsin (USA) http://cimss.ssec.wisc.edu GMS-5 satellite image (visible,
1 km resolution).

diameter of the cyclones matches well with the buffer size. Once compared with
reported impacts as mapped using first administrative units (in dark grey), the
modelled buffer includes these areas and identifies additional affected units for
which no victims were reported. The other advantage of using the PREVIEW
Global Cyclones Asymmetric Windspeed Profile Data set relies on the possi-
bility to overlay Saffir-Simpson classes of windspeed with the population, thus
making it possible to derive how many persons have been affected by a certain
windspeed. Such possibilities can easily lead to the estimation of population
vulnerability while comparing differences in casualties.

4.4. VOLCANOES

Due to the small areas affected by lava flows/lahars, the automated method
for geo-referencing volcanic eruptions provides a significant improvement as
compared with the first administrative level approach. In the example of Etna
eruptions shown below (Figure 8), the 10 km buffer is a good approximation
of the area affected, and definitely much more precise than considering the
extent of the whole province of Sicily.

A DEM adding slope information might further improve the extent of the
mapping. However the random incidental source (and thus direction) of the
lava flow is still mostly unpredictable as explained previously, which calls for
individual modelling of volcanoes, if more precise impacts are needed.
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Figure 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.

4.5. COMPARING ADMINISTRATIVE AND SUSCEPTIBILITY MAPS BASED
APPROACHES

To better understand the advantages and inconveniences of geo-referencing
disasters on the basis of susceptibility maps, three examples of cyclone events
have been taken (Figure 9), each of them representing a different situation
and revealing several issues.

Firstly, the size of administrative units varies extensively (see West
Australia versus units in Philippines). However the main difference between
the geo-reference based on natural limits of hazardous events or on admin-
istrative units from EM-DAT, lies in the identification and mapping of the
affected areas independently from the reporting of losses.

Furthermore, comments in EM-DAT concerning the location of impacts
are provided by various sources. The column ‘location” may include cities or
administrative units. Geo-referencing EM-DAT based on administrative
entities requires searching gazetteers for the latitude and longitude of each
city mentioned. This strenuous task is often impeded by the difference in
spelling or by the fact that many cities have the same name.

This can lead to three kinds of situation. In the first case (A: tropical
cyclone Vance) the only entry of location in EM-DAT is “Exmouth, West
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Figure 9. Comparison of geo-reference using administrative boundaries or geo-physical
limits.

Australia”. If the first administrative level is mapped, the huge area of the
whole province of West Australia is irrelevant, but if only the city of Ex-
mouth is mapped, a large area (in light grey) is dropped. In the second case
(B: tropical cyclone Angela) there is a good match between the two geo-
referencing methods. However, some provinces have no reported losses al-
though they are in between two provinces with reported losses. In the third
example (C: tropical cyclone Kaemi), the cities reported in EM-DAT are
ambiguous, e.g. there are five different Muang in Thailand and three different
Danang in Vietnam. Using the windspeed buffer, the affected area is easily
identified. Linking EM-DAT with the PREVIEW Cyclone Asymmetric
Windspeed Profile is limited by this model that only takes into account
winds. In this case (C), the impacts would rather follow heavy rains (floods
and landslides) since tropical cyclone Kaemi did not have significant winds;
hence the affected area drawn from the buffers does not include all the re-
ported administrations mentioned in CRED. However, the geographical
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information is useful complementary information, e.g. for identifying the
correct Danang. In the same case, impacts are reported for Vietnam and
Thailand, but not for Laos located in between the two. This type of case is
interesting as it may provide useful information on the coping capacity and
the reporting facilities of the countries.

5. Conclusion

Altogether, the method provides additional spatial information independent
from the usual administrative levels. The automation allows quick mapping
without involving a large amount of work (with the exception of floods). It
improves information on disasters by providing a visual appraisal of the
situation, with the possibility to compute area extents, population affected as
well as ratios of casualties versus affected population, which can be used as a
proxy of vulnerability.

Based on existing global datasets, the results presented here highlight the
limitations of achieving comparable outputs when precise datasets with
global coverage are still rare (although their availability is drastically
improving). If a more precise location of events is needed, then the intro-
duction of improved inputs will be needed.

The essential role of the EM-DAT information fields used (as described in
Figures 1-4) must be stressed, in particular the names of cyclones and vol-
canoes, and the coordinates of earthquake epicentres. In the case of floods,
one can eventually consider indirectly geo-referencing the events by intro-
ducing the standardised watershed identifiers (as the Pfafstetter codes of the
HydrolK database), this being a special case for which an interaction be-
tween CRED and Dartmouth would be useful. The lack of completeness of
the required information (see Table I) was the main cause preventing the geo-
referencing of a proportion of the events (see Table I1I).

Other outputs of this research consist of a series of global databases on
natural hazards, which can be visualised or downloaded freely from the
UNEP/GRID-Geneva website (http://www.grid.unep.ch).

The event numbers (‘DisNo’) from CRED were implemented as unique
identifiers of events, allowing a link of impacts with all sorts of other spatial
information as well as with socio-economic parameters from existing sources
available at UNEP, World Bank, FAO or World Resources Institute (WRI).
The foreseen use of a single standard identification number for each disaster,
such as the GLIDE number,’ will ease the process of geo-referencing haz-
ards. In the case of cyclones, for EM-DAT unnamed events, the adoption of
date and region as an interception key is needed and this will constitute a
future improvement.

° http://www.glidenumber.net/.
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This research highlights a great potential for basing EM-DAT on a GIS
(at least for the four hazards studied), but this would generate higher costs
and processing time for the CRED and the University of Louvain. It has to
be acknowledged that, with the amount of resources available, the CRED
staff has produced so far the best publicly available collection of events which
covers the entire world.

Ultimately, these techniques open the doors to several applications,
among them the assessment of trends in population vulnerability by com-
paring the casualties with the exposed population. From the outputs of this
study, spatial queries and links with other ancillary spatial information can
be made, thus allowing a better understanding of the contextual parameters
that turn hazards into disasters. Such studies could play a significant role in
identifying the most frequently affected areas and vulnerable populations.
This is particularly true for climatic hazards such as floods and cyclones, the
recurrence of the phenomena being higher than for tectonic events for which
the long return period can prevent the computation of a corresponding
vulnerability.

In conclusion, the methods for mapping disasters using administrative
units and geo-physical modelling of hazards are complementary, since the
former refer to intervention entities, while the latter reflect the physical
processes. They both serve the purposes of better understanding the causes
and consequences of natural disasters, as well as of more efficiently targeting
the actions to be taken.

Appendix A

Table IV. Data sources for casualties and hazards.

Data on Organisations URL address

Casualties Centre of Research on http://www.em-dat.net/
Epidemiology of Disasters
(CRED) EM-Dat
Cyclones  UNEP/GRID-Geneva http://www.grid.unep.ch/data/gnv200.php
PREVIEW Global
Cyclone Asymmetric
Windspeed Profile

Cyclones  Unisys Weather: http://weather.unisys.com/hurricane/
Cyclones  Typhoon, 2000: http://www.typhoon2000.ph/
Cyclones  Australian Severe http://australiasevereweather.com/cyclone/

Weather:
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Data on Organisations URL address

Cyclones Atlantic Hurricane http://fermi.jhuapl.edu/hurr/index.html
Track Maps
& Images:

Cyclones Hawai‘i Solar http://www.solar.ifa.hawaii.edu/index.html
Astronomy:

Cyclones Bureau of Meteorology, http://www.bom.gov.au/
Australia:

Cyclones Fiji Meteorological http://www.met.gov.fj/
Service:

Cyclones Japan Meteorological http://www .kishou.go.jp/english/
Agency:

Cyclones India Meteorological printed material (years 1992 to 2001)
Department

Floods CRED EM-Dat http://www.em-dat.net/
database

Floods U.S. Geological Survey, http://edcdaac.usgs.gov/gtopo30/hydro/
HYDROI1k Elevation
Derivative
Database (1997)

Floods Australia’s River Basins, http://www.ga.gov.au/nmd/products/thematic/
1997 basins.htm

Earthquakes Council of the National http://quake.geo.berkeley.edu/cnss/
Seismic System (CNSS):
Earthquake Catalog

Volcanoes  National Geophysical http://www.ngdc.noaa.gov/seg/hazard/

Data Center: Worldwide
Volcano Database.

vol_srch.shtml

Table V. URL for websites providing geographical coordinates.

Organisations

URL

Alexandria Digital

Library

Gazetteer Server

Arizona State

http://fat-albert.alexandria.ucsb.edu:8827/gazetteer/

http://www.asu.edu/lib/hayden/govdocs/maps/ geogname.htm#us

University Library

Astrodienst

http://www.astro.com/cgi-bin/atlw3/aq.cgi?lang=¢
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Organisations

URL

GEOnet Names
Server by NIMA
Getty Thesaurus of
Geographic Names
Global Gazetteer
Infoplease Atlas
Introduction to
Geographic Names
by NIMA
Map.com - Online
World Atlas
MapBlast
MapQuest

Multimap Interactive

Atlas

Nations and

their administrative
divisions

Principal cities and
agglomerations
University of Iowa

University of Texas:

A&M Map Library

http://164.214.2.59/gns/html/index.html
http://www.getty.edu/research/tools/vocabulary/ tgn/index.html
http://www.calle.com/world/
http://www.infoplease.com/atlas/mapindex.html
http://gnpswww.nima.mil/geonames/GNS/
http://www.maps.com/explore/atlas/
http://www.mapblast.com/myblast/index.mb
http://www.mapquest.com/

http://uk2.multimap.com/

http://stephen.walsh.net/admindiv.html

http://www.citypopulation.de/cities.html

http://www.cgrer.uiowa.edu/servers/servers_references.html
http://www.lib.utexas.edu/Libs/PCL/Map_collection/
Map_collection.html
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