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Abstract. This paper presents an assessment of normalisethe increasing losses from natural disasters to datgie
flood losses in Europe for the period 1970-2006. Normal-and Pielke Jr., 2006; Schiermeier, 2006). Therefore, fail-
isation provides an estimate of the losses that would occuing to adjust for time-variant socio-economic factors yields
if the floods from the past take place under current societaloss amounts which are not directly comparable over time,
conditions. Economic losses from floods are the result ofbut rather results in an ever-growing trend for purely socio-
both societal and climatological factors. Failing to adjust for economic reasons (Rosenzweig et al., 2007). Previous nor-
time-variant socio-economic factors produces loss amountsnalisation studies on flood and hurricane damage in the
that are not directly comparable over time, but rather show arUS (Pielke Jr. and Landsea, 1998; Pielke Jr. and Down-
ever-growing trend for purely socio-economic reasons. Thiston, 2000; Pielke Jr. et al., 2008), weather extremes in the
study has used available information on flood losses fromUS (Changnon et al., 2000; Changnon, 2003), tornadoes
the Emergency Events Database (EM-DAT) and the Naturain US (Brooks and Doswell, 2001), hurricane losses in the
Hazards Assessment Network (NATHAN). Caribbean region (Pielke Jr. et al., 2003), tropical cyclones in

Following the conceptual approach of previous studies, welndia (Raghavan and Rajesh, 2003) and weather-driven dis-
normalised flood losses by considering the effects of changeasters in Australia (Crompton and McAneney, 2008) found
in population, wealth, and inflation at the country level. Fur- no significant trend in losses over time.

thermore, we removed inter-country price differences by ad- 1o objective of this paper is to present an assessment

justing the losses for purchasing power parities (PPP). Weyt hormalised flood damage in Europe for the period 1970—
assessed normalised flood losses in 31 European countrie§006_ We assessed flood disaster economic losses in 31 Eu-

These include the member states of the European Union,nean countries. These include the member states of the
Norway, Switzerland, Croatia, and the Former Yugoslav Re'European Union, Norway, Switzerland, Croatia, and the For-

public of Macedonia. mer Yugoslav Republic of Macedonia. The paper addresses

Results show no detectable sign of human-induced climatgne gy estion of what the magnitude of economic flood losses
change in normalised flood losses in Europe. The observggver time in Europe would be if the floods from the past

increase in the original flood losses is mostly driven by soci-\,,,1d take place under current societal conditions.
etal factors. ) ) )
Data on flood losses is neither comprehensive nor stan-

dardised throughout Europe (Mitchell, 2003). The limita-
tions of global spatial and thematic information on floods
over long periods has been often noted (Mitchell, 2003; Pe-

Flood disasters are the result of both societal and cIimato-duZZi etal., 2005; Barredo, 2007; Bouwer et al., 2007). Nev-

logical factors, hence several other drivers than climate mus?rtheless, some effort has been made towards the collection

be considered for the assessment of flood-damage trendg]c such information. The Emergency Events Database (EM-

Moreover, there is evidence that societal change and ecoDAT) is one of the main public -global dgtabases for nat-
It contains core information on several key

nomic development are the principal factors responsible foﬁ"a.I disasters. . . . .
indicators for natural disasters, including economic damage

caused. Another publicly accessible global database on nat-
Correspondence tal. I. Barredo ural disasters is the Natural Hazards Assessment Network
BY (jose.barredo@jrc.it) (NATHAN) of the reinsurance firm Munich Re. NATHAN
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is a global catalogue of significant natural-disaster economidégmpact are the focus of different methodological approaches
losses. This study has used available information on floodsuch as that of Guzzetti et al. (2005).
disasters from the EM-DAT and NATHAN. The data on flood losses were obtained from two public
When assessing trends in economic flood losses it is imdatabases for natural disasters. The EM-DAT database of the
portant to make a distinction between hydrologic and dam-Centre of Research on Epidemiology of Disasters (CRED)
aging floods. When climatologists or hydrologists refer to is one of main public global databases for natural disasters,
floods, they are usually speaking about hydrologic floods.recording information on natural disasters worldwide. Sev-
However, when policy makers use the term floods, they usueral works related to flood disasters have used EM-DAT as
ally refer to flood disasters or damaging floods (Pielke Jr.their main source of information (Jonkman, 2005; Peduzzi
and Downton, 2000). The difference is that a hydrologic et al., 2005; Barredo, 2007). The main sources of informa-
flood occurring in an unpopulated area may cause no damtion of EM-DAT are UN agencies, governmental and non-
age. Flood disasters are therefore the result of the interactiogovernmental organisations, insurance companies, research
between hydrologic floods and societal systems. The latteinstitutes and press agencies. Several criteria are used by
include many subsystems that determine the level of interacEM-DAT for the inclusion of disasters in the database. A
tion, such as flood mitigation policies and the exposed peopldaisaster is entered when at least one of the following crite-
and property. This complex situation necessitates the conria is fulfilled: a) 10 or more people killed; b) 100 or more
sideration of socio-economic drivers when assessing floodpeople affected/injured/homeless; c) declaration of state of
loss trends over long periods (Pielke Jr. and Downton, 2000emergency; d) appeal for international assistance. Monetary
Rosenzweig et al., 2007). damage is among the information recorded in EM-DAT.
Despite the existing evidence (see Table 1) of changes NATHAN of Munich Re is a publicly accessible global
in temperature and precipitation in Europe (Alcamo et al.,database on natural disasters containing a global catalogue
2007; Rosenzweig et al., 2007; Trenberth et al., 2007) there®f significant natural-disaster losses. NATHAN includes the-
is no conclusive evidence for a climate-related trend for hy-matic information on major flood events including casual-
drologic floods either on a continental or a regional scaleties and direct economic losses. Records of disasters in
in Europe (Glaser and Stangl, 2003; Mudelsee et al., 2003NATHAN are based on what Munich Re defines “great natu-
Lindstrom and Bergstim, 2004; Kundzewicz et al., 2005, ral catastrophes”. This is in line with definitions used by the
2007; Macklin and Rumsby, 2007). This supports the hy-United Nations, where natural catastrophes are considered
pothesis that a positive trend in the increase of flood lossesgreat” if the affected region’s ability to help themselves is
should be attributed to societal shifts in the exposed areas. clearly overstretched and supraregional or international as-
The paper is organised in six sections. Section 2 analysesistance is required. This is the case when there are thou-
the available data. Section 3 describes the methodology useghnds of fatalities, when hundreds of thousands of people are
for normalising flood losses. Section 4 shows the results andnade homeless, or when the economic losses reach excep-
assesses the trends of normalised losses. Then the discu#nal orders of magnitude.
sion section examines the explanatory drivers of flood losses. In both databases economic damage is considered as a

This section also considers the limitations of the method andvalue of economic losses related to the disaster at the date
the available data. in which the disaster occurred. Other sources of informa-

tion were used in this study for verifying the information on

flood losses. Those sources are: the Dartmouth Flood Ob-
2 Data servatory at the University of Dartmouth, archives of on-line

news channels, reinsurers (e.g. Swiss Re), national water au-
This study addresses direct economic flood losses. A floodhorities and the European Union Solidarity Fund (EUSF)
is a body of water which rises to overflow land which is not records.
normally submerged (Ward, 1978). Direct economic dam- The information for this study was accessed in the sum-
age is the tangible economic loss associated with a flood’sner of 2007. We compiled a catalogue with information
impact as determined in the weeks and sometimes monthom EM-DAT and NATHAN. EM-DAT provided informa-
after the event. These losses occur after floods as a resuiion for 114 events registering economic losses between 1970
of the physical contact of the flood waters with damageableand 2006. NATHAN accounted for 65 events over the same
property (Smith and Ward, 1998). Different institutions have period. The difference in the number of events reported is
developed methods for calculating flood losses in their spe-due to the fact that NATHAN registers only major events, i.e.
cific domain. There is no standard procedure to determine &significant disasters”. We cross-checked the 65 events re-
global figure for economic impact, which may lead to differ- ported in NATHAN with those of EM-DAT. Out of 65 events
ent estimates for the same event. Indirect (i.e. secondary aneported in NATHAN 12 events were missing in EM-DAT.
tertiary) and intangible damages (i.e. loss of human life, Ill- For 53 events losses were reported in both databases. In
health of floods victims), as well as longer-term macroeco-27 cases there was agreement between the amounts of losses
nomic effects are not considered in this study. These types ofeported and in 26 cases there was disagreement. In these
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Table 1. Summary of available studies on changes in observed climate and flood indicators in Europe.

Source Variable Spatial/temporal domain

Jones and Moberg (2003) Annual mean temperature Europe has experienced increases over
the 20th century of about 0.9, which is
higher than that of the average global increase.

Alcamo et al. (2007) Annual mean temperature The warming has been largest over central and
north-eastern Europe and in mountainous regions,
with lower increases in Mediterranean regions.

Klein Tank et al. (2002), Winter precipitation There is evidence of an increase in most
Klein Tank and Kbnnen (2003), of the Atlantic and northern parts of Europe
Alcamo et al. (2007) during the second half of the 20th century, with

a general decrease southward to the Mediterranean.

Moberg et al. (2005, 2006) Winter precipitation Winter precipitation totals in central Europe have
increased significantly by 12% over the last
100years. The increases in average precipitation
trends for summers were smaller, being about 1%.

Kundzewicz et al. (2006) Autumn and winter precipitation It was observed a pronounced increase in autumn and
winter precipitation in the latter part of the 20th
century over northern Europe and western Russia.

Frich et al. (2002), Mean precipitation per wetday = There is recent evidence of an increase in most parts
Klein Tank et al. (2002), of Europe, even in some areas which are becoming drier.
Klein Tank and Konnen (2003),

Haylock and Goodess (2004),

Alexander et al. (2006)

Moberg et al. (2006) Mean precipitation per wetday  Winters in central and western Europe have experienced
an increase in both the frequency of precipitation events
and in the average precipitation per wet day.

Haylock et al. (2004) Extreme precipitation events For winter it was found a change to wetter conditions
and more extreme precipitation events in north and
central Europe and dryer conditions in the south, with
a slight increase in the occurrence of extreme events.

Glaser and Stangl (2003), Extreme river flows In Europe there is no conclusive evidence for a climate-
Mudelsee et al. (2003), -related trend for floods. No homogeneous trend in
Lindstrom and Bergstim (2004), extreme river flows is apparent, either on a continental
Kundzewicz et al. (2005), or a regional scale (i.e. Dutch Rhine Delta, Central
Macklin and Rumsby (2007) Europe, Sweden and British uplands).

26 cases we used the information on economic losses from Records of natural-disaster losses from earlier years are
NATHAN since it is considered to be a more accurate sourceusually affected by gaps. The effect of improvements in
for economic losses. data collection and flows of information could induce biased
Four events were eliminated from the original 114 recordstrends about disaster losses (Berz, 2000). A simple assess-
in EM-DAT because they actually concerned windstorms thatment of the number of damaging events included in the cat-
were recorded as floods. The resulting catalogue containalogue reveals that in the first half of the assessment (1970-
122 flood events. The ancillary sources of information were1988) there were 32 events, whereas in the period 1989-2006
useful for verifying aspects such as affected countries or dat¢here were 90. This difference goes reasonably beyond nat-
of occurrence. EM-DAT and NATHAN report losses in US ural variability or societal changes and can therefore be at-
dollars (US$) (not corrected for inflation). US$ has beentributed to inaccuracies in the accounting of the events. The
used as currency in this study because exchange rates are rf@ures of losses reported are also prone to a degree of un-
available before the introduction of the Euro. certainty. The fact that the cross-checking of EM-DAT and
NATHAN reveals differences in 26 out of 53 matching events
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supports this assumption. A method for dealing with theseflood event as a measure of the changes in exposure over
sources of uncertainty is to assess only the losses producdine. Hereby it is assumed that the overall trends of both
by major disasters. They are usually better recorded and cafactors at country level represent those of the flood-risk ar-
be investigated decades after their occurrence (Berz, 200@&as. Time-series data on GDP and population were obtained
Muir Wood et al., 2006). This is the approach followed in from the Statistical Databases of United Nations Statistics
this study. Therefore, only events that can be considered aBivision and EUROSTAT.

major events, i.e. those with economic losses above a given Differences in prices levels can be important in countries
threshold, have been included in the trend analysis. with different socio-economic conditions. We use purchas-
ing power parities (PPP) to eliminate price level differences
across countries. PPP are formally defined as the rates of
currency conversion that equalise the purchasing power of

. S ifferent currencies by eliminating the differences in price
In the field of natural hazards the term normalisation is use . S
: Lo . .levels between countries. In their simplest form, PPP are
to describe the process of eliminating the socio-economic

influence of the arowing exposure in disaster areas. Th eprice relatives that reflect the ratio of the prices of the same
growing expo: . ' good or service in different countries (OECD-EUROSTAT,
purpose of normalising historical loss records is to pro-

%006). PPP tell us how many currency units a given quan-

duce values that are more representative in today's contexm of goods and services will cost in different countries. It
(Changnon et al., 1997; Pielke Jr. and Landsea, 1998; Pielke y 0T goo . S '

. . : IS recognised that the effect of differences in price levels be-
Jr. et al., 2008). Previous studies have considered popul

aﬁ/veen countries with different socio-economic conditions is

tion, inflation and wealth as factors for normalisation (Pielke . . i
Jr. and Landsea, 1998). However, given that information ac-beSt captured by using PPP (Schreyer and Koechlin, 2002;

: . . ) Hoppe and Pielke Jr., 2006; Van Vuuren and Alfsen, 2006;
counting for the changes in wealth in exposed areas is usuall

: ) ) Fisher et al., 2007; Nicholls et al., 2008). Values expressed
unavailable, it becomes necessary to use proxies for measur- . .
. o ) n PPP are considered as standardised values and are recog-
ing their influence (Changnon et al., 1997; Changnon an

Changnon, 1998; Pielke Jr. and Landsea, 1998; Pielke Jr. anrc'fsed as a good indicator for inter-country comparison in the

Downton, 2000: Changnon, 2003: Crompton and McAneney,natural risks field (Nicholls et al., 2008). Time-series data

2008; Pielke Jr. et al., 2008). Pielke and Landsea (1998) imor - Were obtained from the Total Economy Database of

plemented a normalisation method for hurricane damage bthe Conference Board and Groningen Growth and Develop-

using factors such as changes in population, inflation and real ent Centre (2007). For example, a flood disaster that oc-
g 9 bop ' curred in 2006 in Germany producing EUR 100 million in

per capita wealth. Crompton and McAneney (2008), on thenominal damage cannot be compared with a flood that oc-

other hand, normalised losses from meteorological hazards . . :
. . curred in Greece during the same year and having the same
using two surrogate factors, namely changes in both the num-

i . .~ nominal damage of EUR 100 million. Adjusting the losses
ber and the average nominal value of dwellings over time. . .
; . S by using PPP reveals that the flood in Germany and Greece
The effect of inflation was implicitly calculated.

Munich Re (1999) evaluated the increase in nominal vaI-WOUId represent respectively 95 and 119 million in interna-

: . . tignal EUR of 2006 using PPP. In this example the PPP ratio
ues of exposed assets in catastrophe regions in Germany and Germany is 1.050, for Greece 0.838, and the reference
the US making a differentiation between the portion of the DS O

nominal increase in values caused by inflation and the por-(l'oo) represents the overall 27 member states of the Euro-

tion due to the rise in the standard of living. For the second”®" Union (data f_rom_ Eurostat_). . . )
factor, the study showed that Gross Domestic Product (GDP) Thus the normalisation equation is defined as follows:
can be taken as a surrogate measure for describing the devel. . I x PPR; x Pij x W;; (1)
opment of values in exposed areas. Despite many differences
in political and economic trends in the two countries there isThe equation converts nominal losses in the year of occur-
sufficient parity between the increase in exposed assets anénce of the eventl(;) to normalised losses in 2006 4006
GDP to permit the utilisation of GDP as an approximate in- expressed in international US$ using PPP (this is the unit for
dicator of the net increase in values. monetary amounts of normalised losses in this study).

We envisage four factors for normalising flood losses at Where j is the country affected by the event; is the
the continental scale. In order to make the data on lossefflation factor to 2006 values for yeain country j; PPR;
comparable over time it is necessary to adjust the originals the purchasing power parity factor for yean country j;
data for inflation, inter-country price differences, population p;; is the population factor defined as the ratio of the number
and per capita wealth at the country level. This study usesf inhabitants in 2006 in country to the number in yeat;
population and real GDPper capita in the country of the

3 Methods

of goods and services measured in purchasers’ prices, less the value

1Gross domestic product (GDP) is an aggregate measure of prosf imports of goods and services, or the sum of primary incomes
duction equal to the sum of the gross values added of all residendistributed by resident producer units (United Nations Statistics Di-
institutional units engaged in production. The sum of the final usesvision, on-line glossary).
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W;; is the wealth factor defined as the ratio of the real GDP

per capita in 2006 in country to the value in yeat. 20000
18000
16000
4 Results 28 14000
@3 12000
L . =2 10000
To minimize the effect of better accounting of flood losses £5 .,
in recent decades this study considers only major floods, i.e.5%
those with losses larger than 1000 million in 2006 US$ nor- 4000
malised values. Based on this criterion, 27 out of 122 events 2000 |
of the catalogue were classified as major disasters. It is in- ol e 1 I TR 1 Al I
teresting that during the study period 82% of the losses were 1670 1675 1580 865 D MGE0 g5 2000 2005

ear

produced by major floods, representing only 22% of the over-
all number of events. In the first half of the assessment
(1970-1988) there were 12 major events, and in the periogkig. 1. Original annual flood losses in Europe from major flood dis-
1989-2006 there were 15. The difference in the number otsters as reported in the EM-DAT and NATHAN (not corrected for
floods in the two periods can reasonably be consequence dfiflation). The information in this figure must be viewed cautiously
natural variability. We assume that the effect of incomplete-because it includes shifts due to changes in inflation, wealth and
ness of the original data is considerably reduced in the datasé&xposure.
of 27 major floods.

Expressed in 2006 US$ normalised values, total flood
losses over the 1970-2006 period amounted to 140 billion,
with an average annual flood loss of 3.8 billion. Figure 1 26000
shows the annual distribution of the original (raw) flood 24000
losses in current US$ (not corrected for inflation). The in- 22000
formation in Fig. 1 must be viewed cautiously, because that , fgggg
series includes shifts due to societal changes. Figure 2 show: 3 & 1000
the normalised annual distribution of flood losses. The year § 1;‘888
of maximum losses is 1983, followed by 2002 and 1997. The €5 10000
time series shows no evident trend over time, although that2 § 80
there seems to be an increased frequency of years having = 500
large losses from 1994 to 2002. Nevertheless, in the four 2000 | | I 1 | th
last years of the assessment period annual losses are belo 0 H T T
the annual average losses. Figure 3 shows the 5-year movin A Tt
average of normalised losses. This figure does not reveal a
clear trend over time. Rather, a sequence of alternating pe-
riods with losses below and over the annual average can bEig. 2. _Annual flood losses in Europe from major flood disasters
observed. This could be attributed to natural variability of "ormalised to 2006 values.
extreme floods.

These results indicate that changes in population, inflation
and per capita real wealth are the main factors contributing
to the increase of the original raw losses. After filtering their
influence there remains no evident signal suggesting any in-,
fluence of anthropogenic climate change on the trend of flood 3
losses in Europe during the assessed period.

Millions of 2006 US$ at PPP

10000 —
8000 o
6000 —
4000
2000
0

1970 1975 1980 1985 1990 1995 2000 2005
Year

Normalised |
Millions of 2006 US$ at PPP

5 Discussion

This study showed that there is no evidence of a clear positive
trend in normalised flood losses in Europe. In a hypotheti-F_ 3 5 ) " | flood | i E
cal scenario without climate change, flood losses would con;, 'd. 5. >year moving average ol annhua 11ood 10SSes in =urope

fi 0] f ietal and from major flood disasters normalised to 2006 values. The grey
Inue to |ncreasg as_a con_sequence 0 _some al and economyg, represents the average annual flood losses of the overall period.
factors. Normalisation eliminates the influence of changes

in exposure to floods and reveals that most of the increase
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observed in the original nominal flood losses is due to sociodosses and anthropogenic climate change, as this field will
economic shifts. Since the 1970s Europe has registered avery likely remain an important area of research for years
increasing standard of living, real per capita wealth and popto come (Hbppe and Pielke Jr., 2006). Longer time-series
ulation. As a consequence, exposure of people and assets losses are necessary for more conclusive results. Policy
in flood-prone areas has been ever growing. Neverthelessnaking in the field of natural disasters should be supported
also natural variability may have played a role in the lossby long-term accurate data and assessments. However, cur-
trends. It may have an influence in the frequency of floodsrent records of disaster losses are generally of poor quality
over time. In addition based on the latest climate predictiongBouwer et al., 2007), which may introduce significant bias
for the coming decades (Dankers and Feyen, 2008), climaté the resulting trends. The monitoring of losses from floods
change may very likely result in an increase of flood lossesand other weather-driven disasters should therefore become
in Europe. a priority over the coming years in order to produce updated
It is worth noting that potential effects of human alter- information about the role of human-induced climate change
ations in river basins have not been taken into accountin the trends regarding disaster losses.
Rather, this study assumed constant flood mitigation through
time. In regions where relevant flood mitigation mea- Acknowledgementd. would like to thank three anonymous
sures have been implemented during the period studied angfgrees for th.e.ir helpful suggestioqs and Luc Feyen for his advice
changes in the frequency of extreme floods may have beef{rng the editing of the manuscript. The views expressed are
offset by the measures adopted. Considering the effects i/ those of the writer and may not in any circumstance be
. . . regarded as stating an official position of the European Commission.
flood-protection measures, however, is a complex issue be-
cause accurate data on measures such as investment in flogfiteq ny: F. Guzzetti
protection is not available in a standardised format at conti-reviewed by: three anonymous referees
nental level.
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