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Abstract. This paper presents an assessment of normalised
flood losses in Europe for the period 1970–2006. Normalisation provides an estimate of the losses that would occur
if the floods from the past take place under current societal
conditions. Economic losses from floods are the result of
both societal and climatological factors. Failing to adjust for
time-variant socio-economic factors produces loss amounts
that are not directly comparable over time, but rather show an
ever-growing trend for purely socio-economic reasons. This
study has used available information on flood losses from
the Emergency Events Database (EM-DAT) and the Natural
Hazards Assessment Network (NATHAN).
Following the conceptual approach of previous studies, we
normalised flood losses by considering the effects of changes
in population, wealth, and inflation at the country level. Furthermore, we removed inter-country price differences by adjusting the losses for purchasing power parities (PPP). We
assessed normalised flood losses in 31 European countries.
These include the member states of the European Union,
Norway, Switzerland, Croatia, and the Former Yugoslav Republic of Macedonia.
Results show no detectable sign of human-induced climate
change in normalised flood losses in Europe. The observed
increase in the original flood losses is mostly driven by societal factors.

1

Introduction

Flood disasters are the result of both societal and climatological factors, hence several other drivers than climate must
be considered for the assessment of flood-damage trends.
Moreover, there is evidence that societal change and economic development are the principal factors responsible for
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the increasing losses from natural disasters to date (Höppe
and Pielke Jr., 2006; Schiermeier, 2006). Therefore, failing to adjust for time-variant socio-economic factors yields
loss amounts which are not directly comparable over time,
but rather results in an ever-growing trend for purely socioeconomic reasons (Rosenzweig et al., 2007). Previous normalisation studies on flood and hurricane damage in the
US (Pielke Jr. and Landsea, 1998; Pielke Jr. and Downton, 2000; Pielke Jr. et al., 2008), weather extremes in the
US (Changnon et al., 2000; Changnon, 2003), tornadoes
in US (Brooks and Doswell, 2001), hurricane losses in the
Caribbean region (Pielke Jr. et al., 2003), tropical cyclones in
India (Raghavan and Rajesh, 2003) and weather-driven disasters in Australia (Crompton and McAneney, 2008) found
no significant trend in losses over time.
The objective of this paper is to present an assessment
of normalised flood damage in Europe for the period 1970–
2006. We assessed flood disaster economic losses in 31 European countries. These include the member states of the
European Union, Norway, Switzerland, Croatia, and the Former Yugoslav Republic of Macedonia. The paper addresses
the question of what the magnitude of economic flood losses
over time in Europe would be if the floods from the past
would take place under current societal conditions.
Data on flood losses is neither comprehensive nor standardised throughout Europe (Mitchell, 2003). The limitations of global spatial and thematic information on floods
over long periods has been often noted (Mitchell, 2003; Peduzzi et al., 2005; Barredo, 2007; Bouwer et al., 2007). Nevertheless, some effort has been made towards the collection
of such information. The Emergency Events Database (EMDAT) is one of the main public global databases for natural disasters. It contains core information on several key
indicators for natural disasters, including economic damage
caused. Another publicly accessible global database on natural disasters is the Natural Hazards Assessment Network
(NATHAN) of the reinsurance firm Munich Re. NATHAN
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is a global catalogue of significant natural-disaster economic
losses. This study has used available information on flood
disasters from the EM-DAT and NATHAN.
When assessing trends in economic flood losses it is important to make a distinction between hydrologic and damaging floods. When climatologists or hydrologists refer to
floods, they are usually speaking about hydrologic floods.
However, when policy makers use the term floods, they usually refer to flood disasters or damaging floods (Pielke Jr.
and Downton, 2000). The difference is that a hydrologic
flood occurring in an unpopulated area may cause no damage. Flood disasters are therefore the result of the interaction
between hydrologic floods and societal systems. The latter
include many subsystems that determine the level of interaction, such as flood mitigation policies and the exposed people
and property. This complex situation necessitates the consideration of socio-economic drivers when assessing floodloss trends over long periods (Pielke Jr. and Downton, 2000;
Rosenzweig et al., 2007).
Despite the existing evidence (see Table 1) of changes
in temperature and precipitation in Europe (Alcamo et al.,
2007; Rosenzweig et al., 2007; Trenberth et al., 2007) there
is no conclusive evidence for a climate-related trend for hydrologic floods either on a continental or a regional scale
in Europe (Glaser and Stangl, 2003; Mudelsee et al., 2003;
Lindström and Bergström, 2004; Kundzewicz et al., 2005,
2007; Macklin and Rumsby, 2007). This supports the hypothesis that a positive trend in the increase of flood losses
should be attributed to societal shifts in the exposed areas.
The paper is organised in six sections. Section 2 analyses
the available data. Section 3 describes the methodology used
for normalising flood losses. Section 4 shows the results and
assesses the trends of normalised losses. Then the discussion section examines the explanatory drivers of flood losses.
This section also considers the limitations of the method and
the available data.

2

Data

This study addresses direct economic flood losses. A flood
is a body of water which rises to overflow land which is not
normally submerged (Ward, 1978). Direct economic damage is the tangible economic loss associated with a flood’s
impact as determined in the weeks and sometimes months
after the event. These losses occur after floods as a result
of the physical contact of the flood waters with damageable
property (Smith and Ward, 1998). Different institutions have
developed methods for calculating flood losses in their specific domain. There is no standard procedure to determine a
global figure for economic impact, which may lead to different estimates for the same event. Indirect (i.e. secondary and
tertiary) and intangible damages (i.e. loss of human life, Illhealth of floods victims), as well as longer-term macroeconomic effects are not considered in this study. These types of
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impact are the focus of different methodological approaches
such as that of Guzzetti et al. (2005).
The data on flood losses were obtained from two public
databases for natural disasters. The EM-DAT database of the
Centre of Research on Epidemiology of Disasters (CRED)
is one of main public global databases for natural disasters,
recording information on natural disasters worldwide. Several works related to flood disasters have used EM-DAT as
their main source of information (Jonkman, 2005; Peduzzi
et al., 2005; Barredo, 2007). The main sources of information of EM-DAT are UN agencies, governmental and nongovernmental organisations, insurance companies, research
institutes and press agencies. Several criteria are used by
EM-DAT for the inclusion of disasters in the database. A
disaster is entered when at least one of the following criteria is fulfilled: a) 10 or more people killed; b) 100 or more
people affected/injured/homeless; c) declaration of state of
emergency; d) appeal for international assistance. Monetary
damage is among the information recorded in EM-DAT.
NATHAN of Munich Re is a publicly accessible global
database on natural disasters containing a global catalogue
of significant natural-disaster losses. NATHAN includes thematic information on major flood events including casualties and direct economic losses. Records of disasters in
NATHAN are based on what Munich Re defines “great natural catastrophes”. This is in line with definitions used by the
United Nations, where natural catastrophes are considered
“great” if the affected region’s ability to help themselves is
clearly overstretched and supraregional or international assistance is required. This is the case when there are thousands of fatalities, when hundreds of thousands of people are
made homeless, or when the economic losses reach exceptional orders of magnitude.
In both databases economic damage is considered as a
value of economic losses related to the disaster at the date
in which the disaster occurred. Other sources of information were used in this study for verifying the information on
flood losses. Those sources are: the Dartmouth Flood Observatory at the University of Dartmouth, archives of on-line
news channels, reinsurers (e.g. Swiss Re), national water authorities and the European Union Solidarity Fund (EUSF)
records.
The information for this study was accessed in the summer of 2007. We compiled a catalogue with information
from EM-DAT and NATHAN. EM-DAT provided information for 114 events registering economic losses between 1970
and 2006. NATHAN accounted for 65 events over the same
period. The difference in the number of events reported is
due to the fact that NATHAN registers only major events, i.e.
“significant disasters”. We cross-checked the 65 events reported in NATHAN with those of EM-DAT. Out of 65 events
reported in NATHAN 12 events were missing in EM-DAT.
For 53 events losses were reported in both databases. In
27 cases there was agreement between the amounts of losses
reported and in 26 cases there was disagreement. In these
www.nat-hazards-earth-syst-sci.net/9/97/2009/
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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 0.95◦ C, 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),
Klein Tank and Können (2003),
Alcamo et al. (2007)

Winter precipitation

There is evidence of an increase in most
of the Atlantic and northern parts of Europe
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
100 years. 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),
Klein Tank et al. (2002),
Klein Tank and Können (2003),
Haylock and Goodess (2004),
Alexander et al. (2006)

Mean precipitation per wet day

There is recent evidence of an increase in most parts
of Europe, even in some areas which are becoming drier.

Moberg et al. (2006)

Mean precipitation per wet day

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),
Mudelsee et al. (2003),
Lindström and Bergström (2004),
Kundzewicz et al. (2005),
Macklin and Rumsby (2007)

Extreme river flows

In Europe there is no conclusive evidence for a climate-related trend for floods. No homogeneous trend in
extreme river flows is apparent, either on a continental
or a regional scale (i.e. Dutch Rhine Delta, Central
Europe, Sweden and British uplands).

26 cases we used the information on economic losses from
NATHAN since it is considered to be a more accurate source
for economic losses.
Four events were eliminated from the original 114 records
in EM-DAT because they actually concerned windstorms that
were recorded as floods. The resulting catalogue contains
122 flood events. The ancillary sources of information were
useful for verifying aspects such as affected countries or date
of occurrence. EM-DAT and NATHAN report losses in US
dollars (US$) (not corrected for inflation). US$ has been
used as currency in this study because exchange rates are not
available before the introduction of the Euro.
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Records of natural-disaster losses from earlier years are
usually affected by gaps. The effect of improvements in
data collection and flows of information could induce biased
trends about disaster losses (Berz, 2000). A simple assessment of the number of damaging events included in the catalogue reveals that in the first half of the assessment (1970–
1988) there were 32 events, whereas in the period 1989–2006
there were 90. This difference goes reasonably beyond natural variability or societal changes and can therefore be attributed to inaccuracies in the accounting of the events. The
figures of losses reported are also prone to a degree of uncertainty. 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 these
sources of uncertainty is to assess only the losses produced
by major disasters. They are usually better recorded and can
be investigated decades after their occurrence (Berz, 2000;
Muir Wood et al., 2006). This is the approach followed in
this study. Therefore, only events that can be considered as
major events, i.e. those with economic losses above a given
threshold, have been included in the trend analysis.
3

Methods

In the field of natural hazards the term normalisation is used
to describe the process of eliminating the socio-economic
influence of the growing exposure in disaster areas. The
purpose of normalising historical loss records is to produce values that are more representative in today’s context
(Changnon et al., 1997; Pielke Jr. and Landsea, 1998; Pielke
Jr. et al., 2008). Previous studies have considered population, inflation and wealth as factors for normalisation (Pielke
Jr. and Landsea, 1998). However, given that information accounting for the changes in wealth in exposed areas is usually
unavailable, it becomes necessary to use proxies for measuring their influence (Changnon et al., 1997; Changnon and
Changnon, 1998; Pielke Jr. and Landsea, 1998; Pielke Jr. and
Downton, 2000; Changnon, 2003; Crompton and McAneney,
2008; Pielke Jr. et al., 2008). Pielke and Landsea (1998) implemented a normalisation method for hurricane damage by
using factors such as changes in population, inflation and real
per capita wealth. Crompton and McAneney (2008), on the
other hand, normalised losses from meteorological hazards
using two surrogate factors, namely changes in both the number and the average nominal value of dwellings over time.
The effect of inflation was implicitly calculated.
Munich Re (1999) evaluated the increase in nominal values of exposed assets in catastrophe regions in Germany and
the US making a differentiation between the portion of the
nominal increase in values caused by inflation and the portion due to the rise in the standard of living. For the second
factor, the study showed that Gross Domestic Product (GDP)
can be taken as a surrogate measure for describing the development of values in exposed areas. Despite many differences
in political and economic trends in the two countries there is
sufficient parity between the increase in exposed assets and
GDP to permit the utilisation of GDP as an approximate indicator of the net increase in values.
We envisage four factors for normalising flood losses at
the continental scale. In order to make the data on losses
comparable over time it is necessary to adjust the original
data for inflation, inter-country price differences, population
and per capita wealth at the country level. This study uses
population and real GDP1 per capita in the country of the
1 Gross domestic product (GDP) is an aggregate measure of pro-

duction equal to the sum of the gross values added of all resident
institutional units engaged in production. The sum of the final uses
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flood event as a measure of the changes in exposure over
time. Hereby it is assumed that the overall trends of both
factors at country level represent those of the flood-risk areas. Time-series data on GDP and population were obtained
from the Statistical Databases of United Nations Statistics
Division and EUROSTAT.
Differences in prices levels can be important in countries
with different socio-economic conditions. We use purchasing 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
different currencies by eliminating the differences in price
levels between countries. In their simplest form, PPP are
price relatives that reflect the ratio of the prices of the same
good or service in different countries (OECD-EUROSTAT,
2006). PPP tell us how many currency units a given quantity of goods and services will cost in different countries. It
is recognised that the effect of differences in price levels between countries with different socio-economic conditions is
best captured by using PPP (Schreyer and Koechlin, 2002;
Höppe and Pielke Jr., 2006; Van Vuuren and Alfsen, 2006;
Fisher et al., 2007; Nicholls et al., 2008). Values expressed
in PPP are considered as standardised values and are recognised as a good indicator for inter-country comparison in the
natural risks field (Nicholls et al., 2008). Time-series data
on PPP were obtained from the Total Economy Database of
the Conference Board and Groningen Growth and Development Centre (2007). For example, a flood disaster that occurred in 2006 in Germany producing EUR 100 million in
nominal damage cannot be compared with a flood that occurred in Greece during the same year and having the same
nominal damage of EUR 100 million. Adjusting the losses
by using PPP reveals that the flood in Germany and Greece
would represent respectively 95 and 119 million in international EUR of 2006 using PPP. In this example the PPP ratio
for Germany is 1.050, for Greece 0.838, and the reference
(1.00) represents the overall 27 member states of the European Union (data from Eurostat).
Thus the normalisation equation is defined as follows:
L2006 = Li × Iij × PPPij × Pij × Wij

(1)

The equation converts nominal losses in the year of occurrence of the event (Li ) to normalised losses in 2006 (L2006 )
expressed in international US$ using PPP (this is the unit for
monetary amounts of normalised losses in this study).
Where j is the country affected by the event; Iij is the
inflation factor to 2006 values for year i in country j ; PPPij
is the purchasing power parity factor for year i in country j ;
Pij is the population factor defined as the ratio of the number
of inhabitants in 2006 in country j to the number in year i;
of goods and services measured in purchasers’ prices, less the value
of imports of goods and services, or the sum of primary incomes
distributed by resident producer units (United Nations Statistics Division, on-line glossary).
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Wij is the wealth factor defined as the ratio of the real GDP
per capita in 2006 in country j to the value in year i.

4

Results

To minimize the effect of better accounting of flood losses
in recent decades this study considers only major floods, i.e.
those with losses larger than 1000 million in 2006 US$ normalised values. Based on this criterion, 27 out of 122 events
of the catalogue were classified as major disasters. It is interesting that during the study period 82% of the losses were
produced by major floods, representing only 22% of the overall number of events. In the first half of the assessment
(1970–1988) there were 12 major events, and in the period
1989–2006 there were 15. The difference in the number of
floods in the two periods can reasonably be consequence of
natural variability. We assume that the effect of incompleteness of the original data is considerably reduced in the dataset
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
shows the annual distribution of the original (raw) flood
losses in current US$ (not corrected for inflation). The information in Fig. 1 must be viewed cautiously, because that
series includes shifts due to societal changes. Figure 2 shows
the normalised annual distribution of flood losses. The year
of maximum losses is 1983, followed by 2002 and 1997. The
time series shows no evident trend over time, although that
there seems to be an increased frequency of years having
large losses from 1994 to 2002. Nevertheless, in the four
last years of the assessment period annual losses are below
the annual average losses. Figure 3 shows the 5-year moving
average of normalised losses. This figure does not reveal a
clear trend over time. Rather, a sequence of alternating periods with losses below and over the annual average can be
observed. This could be attributed to natural variability of
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 influence of anthropogenic climate change on the trend of flood
losses in Europe during the assessed period.

5

Fig. 1. Original annual flood losses in Europe from major flood disasters as reported in the EM-DAT and NATHAN (not corrected for
inflation). The information in this figure must be viewed cautiously
because it includes shifts due to changes in inflation, wealth and
exposure.

Fig. 2. Annual flood losses in Europe from major flood disasters
normalised to 2006 values.

Discussion

This study showed that there is no evidence of a clear positive
trend in normalised flood losses in Europe. In a hypothetical scenario without climate change, flood losses would continue to increase as a consequence of societal and economic
factors. Normalisation eliminates the influence of changes
in exposure to floods and reveals that most of the increase
www.nat-hazards-earth-syst-sci.net/9/97/2009/

Fig. 3. 5-year moving average of annual flood losses in Europe
from major flood disasters normalised to 2006 values. The grey
line represents the average annual flood losses of the overall period.
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observed in the original nominal flood losses is due to socioeconomic shifts. Since the 1970s Europe has registered an
increasing standard of living, real per capita wealth and population. As a consequence, exposure of people and assets
in flood-prone areas has been ever growing. Nevertheless,
also natural variability may have played a role in the loss
trends. It may have an influence in the frequency of floods
over time. In addition based on the latest climate predictions
for the coming decades (Dankers and Feyen, 2008), climate
change may very likely result in an increase of flood losses
in Europe.
It is worth noting that potential effects of human alterations in river basins have not been taken into account.
Rather, this study assumed constant flood mitigation through
time. In regions where relevant flood mitigation measures have been implemented during the period studied any
changes in the frequency of extreme floods may have been
offset by the measures adopted. Considering the effects of
flood-protection measures, however, is a complex issue because accurate data on measures such as investment in flood
protection is not available in a standardised format at continental level.
Another limitation is the completeness of and the degree
of uncertainty in the original flood losses records used in this
study. The available information on losses from natural disasters in Europe can produce biased trends if not properly
filtered. There is a higher frequency in the number of minor
events documented in recent years than in the first years of
the assessment. Using only major disasters for the assessment of trends assures more reliable results. It is difficult to
assess the uncertainty related with the reported losses since
no other public accurate data exists for verifying any biases
in the data. It is therefore essential to improve data collection
and to maintain an open-source peer-reviewed database that
would enable scientists to study time series of disaster losses
(Bouwer et al., 2007). Policies, economic decisions and mitigation activities should be supported by long-term, accurate
data and assessments. Monitoring of natural-disaster losses
should be a priority for the years to come in order to produce
updated information about the evolution of trends in flood
losses.
The continental scope of this study might introduce uncertainty in many aspects. Results of simple-country analyses are less uncertain than those of a multi-county approach.
For example, changes in building standards for flood protection may arise between countries at different times. This
may influence aggregate losses at the continental level. The
fact that countries typically impose different flood protection
standards may also impact aggregated losses.
Notwithstanding these limitations, the methodology of this
study provides an effective approach for normalising flood
losses. Furthermore, using PPP for integrating data on losses
from several countries is a novel aspect of this study.
Policy makers should not expect an unequivocal answer
to questions concerning the linkage between flood-disaster
Nat. Hazards Earth Syst. Sci., 9, 97–104, 2009
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losses and anthropogenic climate change, as this field will
very likely remain an important area of research for years
to come (Höppe and Pielke Jr., 2006). Longer time-series
of losses are necessary for more conclusive results. Policy
making in the field of natural disasters should be supported
by long-term accurate data and assessments. However, current records of disaster losses are generally of poor quality
(Bouwer et al., 2007), which may introduce significant bias
in the resulting trends. The monitoring of losses from floods
and other weather-driven disasters should therefore become
a priority over the coming years in order to produce updated
information about the role of human-induced climate change
in the trends regarding disaster losses.
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