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Abstract
In natural hazard research, the impact of flood events and their adverse consequences
highlight the increasing importance of studies on flood hazard and risk, not only on a global
scale but in particular on a national and sub-national level. However, data on flood losses is
neither comprehensive nor standardised in terms of data quality throughout Europe; and the
limitations of spatial and temporal information on floods has repeatedly been claimed. The
aim of this paper is to close this gap by taking the Republic of Greece as an example. Based on
data collection and data mining techniques we established a comprehensive flood inventory
for the period 1887-2010 by using information from multiple sources, and analysed the
characteristics of flood hazards and losses in Greece. It is shown that there are considerable
spatial and temporal dynamics in the events recorded, as well as in the number of fatalities,
which could be mainly attributed to (1) the implementation of technical mitigation and (2)
changes in land-use cover and population migration. The flood database established provides
valuable information on major events that occurred in the Greek history and allows for future
flood risk management strategies such as those outlined in the EU Floods Directive.
Keywords:
Flood hazard, fatalities, geo-database, Attica, Greece
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Zusammenfassung
Die Auswirkungen von Überschwemmungsereignissen der letzten Jahre haben eindrücklich
gezeigt, dass Untersuchungen zum Gefährdungsgrad und zum resultierenden Risiko notwendig sind, nicht nur auf einem globalen Level, sondern auch auf der nationalen und regionalen
Ebene. Jedoch sind die Datengrundlagen europaweit bislang weder vollständig, noch sind
diese standardisiert erhoben worden, aus diesem Grund besteht hinsichtlich der zeitlichen
und räumlichen Charakteristika von Überschwemmungsereignissen Forschungsbedarf. Das
Ziel der vorliegenden Arbeit ist es, diese Lücke für die Republik Griechenland zu schließen.
Aufbauend auf der Analyse unterschiedlicher Datengrundlagen wurde eine umfangreiche
Datenbank zu Überschwemmungen für den Zeitraum 1887-2010 erstellt, inklusive der Ursachen und Auswirkungen individueller Ereignisse. Es konnte gezeigt werden, dass erhebliche
zeitliche und räumliche Dynamiken bestehen, und dass auch die Anzahl der Todesfälle derartigen Schwankungen unterliegt. Dies kann zu einem großen Teil auf die Implementierung
technischer Schutzmaßnahmen zurückgeführt werden, aber auch auf Änderungen der Landnutzung, der Bevölkerungsverteilung und -entwicklung. Die erstellte Datenbank stellt eine
wertvolle Basis dar, um zukünftige Risikomanagement-Strategien zu entwickeln, beispielsweise
in Hinblick auf die Erfordernisse der EU-Hochwasserdirektive.
Stichwörter:
Hochwasser, Todesfälle, Datenbank, Attika, Griechenland
of debris flows and torrent processes), and snow
Introduction

avalanches.
(1) Munich

Re

(2009)

provides

an

Global trends show an increasing number of

overview on the number of great natural

natural hazards, and thus increasing losses, from

hazards between 1950 and 2008 and

so-called disasters. This shift in events seems

associated economic losses. Events

undoubtedly true on a global level if statistics

were thereby defined as great if the

from leading reinsurers are studied (e.g., Munich

coping capacity of the affected region

Re, 2011; Swiss Re, 2011, to name the most

was exceeded and supraregional or

prominent), or if available data sources are

international assistance was required.

consulted (e.g., databases like EM-DAT of the

This is in line with definitions used

Centre of Research on Epidemiology of Disasters

by the United Nations (2004), where

(CRED) or NATHAN of Munich Re). Nevertheless,

natural catastrophes are considered as

the trend that is repeatedly concluded by analysing

being “great” if the affected region’s

the data needs careful interpretation, in particular

ability to help themselves is clearly

since the respective categorisation of loss triggers

overstretched, i.e., when there are

is often misleading – above all with respect to

thousands of fatalities, when hundreds

mountain hazards, including landslides and

of thousands of people are made

floods (with and without a separate assessment

homeless, or when the economic
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losses reach exceptional orders of

relies on different criteria than that

magnitude.

from Munich Re, and consequently

An analysis of the time series

does not show a similar selection of

showed an exponentially rising trend

events that occurred globally. The

in both the number of events and the

criteria for inclusion in the database

associated losses. Thereby the number

are events with more than € 60 billion

of events in the 1990s was 4,5 times

total loss, or alternatively € 30 billion

the number of events in the 1950s,

insured losses, more than 20 fatalities,

and the overall losses increased from

more than 50 persons injured or 2.000

approximately € 35 billion (US$ 50

persons left homeless. The major

billion) in 1950-1959 to € 410 billion

insured losses during this period

in 1990-1999 (based upon 2008

were reported in 1992 (Hurricane

values). However, the annual trend

Andrew), 1999 (Winter storm Lothar),

of losses is less clear, since some

2005 (Hurricane Katrina), and 2008

years show extraordinary high values

(Hurricanes Ike and Gustav), whereas

(1995 and 2005 when annual losses

the

exceeded € 100 billion). The overall

€ 140 billion from 1990-1999 (based

trend in the late 1980s and early

upon 2008 values) – only one third

1990s was a constant rise in costs

of the amount reported by Munich Re

while this trend did not continue

for this period. Furthermore, the trend

during 1996-2003 when losses fell.

given in the data is not exponential,

The major increase in both number

but shows a sharp increase in the

of events and associated losses was

beginning of the 1990s and a further

related to meteorological (tropical

oscillation at a stage that is three times

storms, winter storms, severe weather,

higher than in the decade 1970-1980.

hail, tornados, and local storms)

(3) An analysis of the Emergency Events

and hydrological (storm surges, river

Database (EM-DAT) reports 7.138

floods, flash floods, mass movements

events of hydro-meteorological origin

and landslides) hazards. The reasons

for the period 1950-2008 (CRED

for this were, apart from the increase

2009). The overall losses for the

in major weather-related hazards due

reference period 1990-1999 amounted

to climate change processes, assumed

to € 500 billion. If only flooding

to be a result of socio-economic

and wet landslides were selected,

developments in hazard-prone areas,

approximately 4.000 events remain

such as increasing concentrations of

overall

losses

amounted

to

which caused losses of € 300 billion.

values, rising population figures, and

Concerning this snapshot from the three well-known

the settlement and industrialisation of

databases it becomes obvious that considerable

exposed areas.

differences exist. Hence, notwithstanding frequent

(2) Swiss Re (2009) published quite

appeals for improvements in the accuracy and

similar data related to the period

coverage of estimates of losses suffered from

1970-2008. The underlying database

extreme natural events, the quality of this data
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has not changed as rapidly as the number of

There is a strong scientific evidence of an increase

organisations and programs directed at coping

in mean precipitation and of magnitude and

with the widely rising toll of losses. Measurement

frequency of extreme precipitation events, which

of the effects of hazards is itself highly subjective

implies that extreme flood events might become

(Horlick-Jones and Peters, 1991). The absence of

more frequent (Keiler et al., 2010; Kundzewicz

standard guidelines for local loss data is often

et al., 2010). Simultaneously, exposure to floods

compounded by an ad hoc system of collection by

may increase across Europe as well as flood

local media, government or civil society groups.

vulnerability due to population and wealth

Local data are collated and fed to international

moving into flood-prone areas. Such issues have

databases by intermediaries. Yet intermediaries

already been reported due to an increase in

lack standard definitions to organise their data

population and the associated shift in economic

and may be tempted to exaggerate or suppress

activities (Mitchell, 2003).

data for professional, political or economic

Data on flood losses, however, is neither

advantage (IFRCRCS, 2005). While the CRED

comprehensive nor standardised in terms of data

archive primarily relies on UN sources, Munich

quality throughout Europe and the limitations

Re processes data obtained from Reuters, Lloyd’s,

of global spatial and thematic information on

and other reports from clients and branch

floods over long periods has repeatedly been

offices. Swiss Re does not explicitly specify the

claimed (Mitchell, 2003; Barredo, 2007; Bouwer

origin of the data. Furthermore, differences in

et al., 2007). These challenges are of particular

the criteria used in data selection, differences in

importance

data compilation and different ways of analysing

since so far, where the susceptibility to flooding

the results reflect the individual priorities of

is locally

the organisations concerned. For example, the

remaining European countries (Fleischhauer et

reinsurance companies are mainly interested in

al., 2006) but the data availability is regularly

economic loss, data whilst CRED places more

below-average with respect to the quantity and

emphasis on the inherent humanitarian aspects.

quality of information available (Papathanasiou

Inconsistencies, data gaps and ambiguity of

et al., 2009; Llasat et al., 2010) . However, there

terminology make comparisons and use of the

is a strong need on flood loss data in order to

different data sets difficult.

establish risk management strategies based on

within

Mediterranean

above-average

compared

countries
to

the

Nevertheless, the worldwide impact

flood risk analyses and assessment. This becomes

of flood events and their adverse and often

increasingly important in Mediterranean regions

catastrophic

the

as population continuously expands to river deltas

increasing importance of studies on flood hazard

and coastal areas that are subject to inundation

and risk, not only on a global scale but in particular

mostly from small rivers and mountain torrents

on a national and sub-national level (Adhikari et

(Diakakis et al., 2012).

consequences

highlight

al., 2010). This was recently acknowledged also

The aim of this paper is to close this gap

on the political level, when an increasing number

by taking the Republic of Greece as an example.

of flood events and associated losses have shown

Given the nation-wide scarcity of systematic

to the European Commission and their Member

hydrological, climatological, and instrumental

States the principal importance of protecting the

data in Greece, setting up a flood inventory

environment and the citizens (Barredo, 2009).

database is a fundamental step towards a
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preliminarily assessment of flood hazard and risk

reported by Diakakis et al. (2012), a standardised

for regions were no other systematically evaluated

and continuous recording of flood events by civil

information is available. Based on data collection

protection agencies started only recently, while

and data mining techniques we established a

over long periods the only information available

comprehensive flood inventory and analysed

is spread over multiple administrative and

the temporal and spatial characteristics of flood

institutional bodies.

hazards and losses in Greece. Such information

Accordingly, we developed a relational

will be a reliable tool in land management, and

database for the establishment of a nation-wide

will highlight the areas that need more detailed

flood inventory. Major information that had to be

studies on flood hazard and risk in order to prepare

gathered was related to the date of occurrence

for the flood hazard and risk maps and flood risk

and the geographical location of the event

management plans required through the EU Flood

(watershed, community, prefecture, district and

Directive by the end of 2013 respectively 2015

geographical coordinates), followed by a verbal

(Commission of the European Communities,

description of the event in order to assess the

2007).

flood magnitude. Where available, information
on losses was assessed (number of fatalities and

Data on flood hazard and losses

injuries, number of evacuees; type and number of
elements at risk exposed and their economic loss

There are several databases accessible that

in monetary terms) and stored in the database.

report flood events and losses for the territory

The database contains additional information

of Greece. However, the accuracy of some of

and details, as well as the individual source of

this information is limited due to the variability

the entry. As such, major sources included the

of collection criteria and missing geospatial

global Emergency Events Database EM-DAT

characteristics of flood impacts. Moreover, as also

of the Centre of Research on Epidemiology of

Source

Time

Events

Fatalities

Newspapers

1887-2010

221

527

EM-DAT

1900-2010

20

84

Hydrate

1960-2010

17

2

ESWD

1995-2010

62

57

National Observatory of Athens

2001-2010

78

16

Hellenic Earthquake Rehabilitation Service

1978-2010

75

-

Prefecture of East Attica

1990-2010

55

-

General Secretary of Civil Protection

2003-2010

29

-

Tab. 1: Sources used to establish a flood database for Greece. Please note the different periods covered by different sources.
Tab. 1: Verzeichnis der verwendeten Quellen zur Erstellung der Datenbank, mit jeweils unterschiedlicher Zeitraumabdeckung.

Seite 269

Disasters (CRED), and the European Severe

There are several databases accessible that

Weather Database (ESWD) of the European

report flood events and losses for the territory

Severe Storms Virtual Laboratory. Results of

of Greece. However, the accuracy of some of

international

added

this information is limited due to the variability

(FLASH – Observations , Analysis and Modelling

research

projects

were

of collection criteria and missing geospatial

of Lightning Activity in Thunderstorms, for Use in

characteristics of flood impacts. Moreover, as also

Short Term Forecasting of Flash Floods, Llasat et

reported by Diakakis et al. (2012), a standardised

al., 2010; HYDRATE – Hydrometeorological Data

and continuous recording of flood events by civil

Resources and Technologies for Effective Flash

protection agencies started only recently, while

Flood Forecasting, Bain et al., 2008). Moreover,

over long periods the only information available

the newspaper collection of the Greek National

is spread over multiple administrative and

Library was assessed with the purpose of getting

institutional bodies.

information on those floods which were reported

The collected data was processed in the

in the media. Furthermore, for the most recent

database and further analysed with respect to the

events the following governmental agencies in

spatial and temporal occurrence of flood events,

Greece were contacted in order to collect data:

fatalities, and losses. In the following section,

The General Secretary of Civil Protection (GSCP,

results for the Republic of Greece are shown on a

2007), the Hellenic Earthquake Rehabilitation

national scale, as well as selected results from the

Service, the Hellenic Observatory of Athens, and

heavily-affected region of Attica.

the Prefecture of East Attica. The data collected is
shown in Table 1.

Fig. 1. Flood frequency per district in Greece (1a) and flood events normalised by the spatial extent of the districts (1b).
Abb. 1. Frequenz von Überschwemmungsereignissen je Präfektur in Griechenland (1a) und Anzahl der Überschwemmungsereignisse
bezogen auf die Fläche der Präfektur (1b).
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Results

terms of standard deviations from mean, which
was 0,071 or (statistically) approximately one

In general, a total of 369 flood events with 616

flood event per 14 years. Flood frequency is

fatalities were included in the database for the

inversely proportional to the return interval which

period 1887-2010. Confirming earlier studies

represents the average period of time between

by Diakakis et al. (2012), there is a considerable

the occurrences of flood events with a given

variation of flood events and fatalities throughout

magnitude at a particular location. The frequency

the year. While November is the month with the

was calculated taking the respective time interval

most flood events, the most fatalities were reported

since the individual district belongs to the Republic

in June. The average fatality rate per event spans

of Greece, neglecting minor changes in the spatial

from 10,8 in June to 0,07 in March. However,

extent of some districts over time. In Figure 1b,

as one flood event in June 1907 resulted in 300

the number of flood events is shown normalised

fatalities it becomes obvious that the interpretation

by the respective district area. Districts with an

of this data remains challenging, and needs further

above-average flood frequency and an above-

spatial and temporal assessment.

average number of events included those located

In Figure 1a, the frequency of flood

in coastal areas, such as Athens, Thessaloniki,

events is shown on a district (prefecture) level in

Patras, Ioannina and Heraklion; these areas are

Fig. 2. Flood fatalities normalised by the spatial extent of the districts in Greece (2a) and flood fatalities per flood event in different districts (2b).
Abb. 2. Todesopfer bei Überschwemmungsereignissen je Präfektur in Griechenland (2a) und Anzahl der Todesopfer pro Überschwemmungsereignis
(2b).
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characterised by urbanisation and, consequently,

summer the torrents remain dry. Moreover, areas

a high degree of sealed surfaces leading to a

with an above-average flood frequency included

rapid discharge concentration resulting in flash

districts along the large rivers of Greece, such as

floods. The district of Attica is characterised

Larissa (Peneios River) and Evros (Evros River).

by the highest number of flood events per area

This highlights the spatial differences of flood

in the country (95 flood events, 1 per 40 km ),

proneness on the country level.

2

erent districts (2b).
gsereignis

and the highest frequency (1 flood event per 1,3

There is also a considerable spatial

years). Within the study period, the district of

variation concerning flood fatalities per district

Thessaloniki is characterised by 28 flood events,

area (Figure 2a) and per event (Figure 2b). Within

1 per 130 km2, and a flood frequency of 1 event

the period under investigation, a total of 616

per 4,4 years). In contrast, apart from districts with

people died; those districts with the highest rate

no data, the district of Arcadia is characterised

of flood fatalities were Trikala (315 fatalities,

by the lowest number of flood events per area

51 %; 300 as result of the 1907 flood), Attica (212

(1 per 4.419 km2) and a flood frequency of 0,8

fatalities, 20 %), and Messenia (15 fatalities, 3 %).

events per 100 years. Other districts affected,

If comparing Figure 1 and 2 it is evident that a high

such as the Dodecanese Islands, are characterised

number of flood events does not necessary result

by a considerable variation of discharge due to

in a high fatality rate, and vice versa. As such the

intense rainfall events that typically occur during

district of Trikala has the highest number of fatalities

autumn and winter, whereas during spring and

but – during the period under investigation – only

Fig. 3. Temporal development of flood events and flood fatalities in the district of Attica, Greece.
Abb. 3. Zeitliche Entwicklung der Überschwemmungsereignisse und Todesopfer in der Präfektur Attika, Griechenland.
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Fig. 4: Monthly distribution of flood events and flood fatalities in the district of Attica, Greece.
Abb. 4: Monatliche Verteilung der Überschwemmungsereignisse und Todesopfer in der Präfektur Attika, Griechenland.

five flood events occurred. In contrast, the district

of 2000-2010 the highest number of flood events

of Attica was affected by 95 flood events and the

is recorded but with a considerably low number

district of Messenia by eight events.

of fatalities (13).

The database contains 95 records of flood

The monthly distribution of the flood

events located in the district of Attica, covering the

events in the district shows a peak in November

period 1887-2010 (Figure 3). In particular since

(31 events, 33 %) and October (19 events, 20 %),

the 1980s, a remarkable increase in the number

see Figure 4. In contrast, with the exception of

of events was detectable in this district. In contrast

June (8 events, 8 %) the summer months are

to the number of flood events, the number of

chdaracterised by a low number of events. In

flood fatalities decreased remarkably between

accordance with this annual distribution, the

1887 and 2010. The database reports an overall

number of fatalities is highest in November (172

amount of 212 fatalities for the district of Attica,

fatalities, 81 %) and October (27 fatalities, 13 %).

which is an annual average of approximately
two persons. The highest number of fatalities is

Discussion

reported from 1896 (61), followed by 1961 (40),
1977 (38) and 1994 (14 with only one flood event

Flood phenomena in Greece are usually caused

recorded). It becomes obvious that for the decade

by intense rainfall whereas snowmelt is not
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Fig. 5: Sinkhole in karst region (catavotron in Planina, Kraina, Slovenia; erected in 1889). Source: Archive of Institute of Mountain Risk
Engineering, University of Natural Resources and Life Sciences, Vienna, Austria.
Abb. 5: Katavotron im Kesseltal (Planina), Krain, Slowenien; errichtet 1889. Quelle: Archiv des Instituts für Alpine Naturgefahren,
Universität für Bodenkultur, Wien.

a dominant factor in flood genesis. Intense

The areas that suffer particularly from flood

rainstorms are produced by the passage of

events can be classified into three categories

depressions possibly accompanied by cold fronts

(Mimikou and Koutsoyiannis, 1995). The first

approaching from west, southwest and northwest

category includes hydrological basins close

(Maheras, 1982; Mimikou, 1996; Mamassis

to karst areas which normally are drained by

and Koutsoyiannis, 1996). Thereby the Pindos

natural sinkholes (ponors) with limited drainage

mountain range located in the northwest of Greece

capacity (Figure 5). The second category includes

plays an important role in rainfall and runoff

the plains located in the downstream section and

generation for the entire territory. The associated

traversed by large rivers (such as Evros, see Figure

uplift of moist air masses is obvious, and the

6, and Peneios) where the discharge capacity

mean annual rainfall exceeds 1.800 mm in the

of the channel regularly exceeds the available

mountain areas of western Greece whereas in the

cross section of the channel bed. The third

eastern regions of the country the mean annual

category is within the urbanised areas of Greece

rainfall approximates 300mm (Koutsoyiannis and

such as Athens, Thessaloniki and Patras where

Mimikou, 1996).

compression and surface sealing are dominant.
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During the last century the areas affected by

for the district of Attica for example, can be

flood hazards have continuously decreased in

explained by changes in the land use and by an

the first two categories due to the implementation

increase in population leading to (1) an increased

of technical mitigation along the rivers and in the

susceptibility to losses due to people and

catchments, such as drainage tunnels for closed

construction activities moving into flood-prone

karst basins and dams and levees for the rivers

areas and therefore (2) an overall increase in public

traversing plains. In contrast, the flood events in

awareness of flood events, which in turn may have

the third category increased, mainly because of

led to an increase in hazards reported. Moreover,

the high population density in urban areas, and

due to a multiplicity of responsibilities in flood risk

the associated reduction of natural retention

management, different authorities in charge for

areas. Moreover, in particular in these areas the

protection against flooding lack in a coordinated

development of land-use regulations lack in the

approach to construct and maintain flood

power of avoiding construction works adjacent

protection works (Lasda et al., 2010). Therefore,

to the river channels (Ganoulis, 2003), as e.g. in

the observed increase in flood events should not

the district of Attica.

be considered in terms of a climate change signal,

A considerable part of the events reported

but rather as a complex interaction between the

Fig. 6: Flooding at Evros river, 16.03.2006. The need for an integrated approach in flood risk assessment remains obvious due to the
high pressure in land-use. Source: Karagiorgos
Abb. 6: Überschwemmung des Evros, 16.03.2006. Der Bedarf für eines risikoorientierten Ansatz ergibt sich aus der intensiven Landnutzung. Quelle: Karagiorgos
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hazard and the elements at risk exposed, as well as

considerable information gaps in the flood

the physical and social vulnerability (Fuchs, 2009).

information were detectable.

Generally, the arid climate of Attica with a

Nevertheless,

the

flood

database

mean annual rainfall of about 400mm and a

established provides valuable information on

high evaporation rate in combination with the

major events that occurred in the Greek history, and

topography did not result in the formation of an

provides the basis for the requirements outlined in

effective river and stream network (Mimikou et

the EU Floods Directive, mainly the preliminary

al., 1991, Mimikou and Koutsoyiannis, 1995). In

flood risk assessment and the compilation of

parallel, an extraordinary increase in population,

nation-wide flood risk maps (Commission of the

resulting in the expansion of urban areas, is

European Communities, 2007).

detectable. According to census data, in 1951

However, as discussed in Smith and

only 18 % (1.394.922) of the Greek population

Petley (2009) and confirming earlier reports within

inhabited this district, while in 2001 this ratio

the development context by Guha-Sapir and

increased to 36 % (3.761.810; Greece National

Below (2002) as well as within the global effort

Statistics, 2001). In parallel, remarkable land use

to reduce losses (White, 1994), the key point is

changes took place. The annual rate of building

to be aware of the levels of uncertainty attached

development increased from 17,7 % in 1945 to

to such databases. The quantification of event

39,6 % in 1973, and to 68,5 % in 1995 (Sioras,

characteristics often remains highly subjective; as

2003). Simultaneously, the cumulative cultivated

a result the hazard magnitude cannot be properly

and forested areas as well as the areas dominated

assessed. Moreover, some flood types may be over-

by shrubs decreased from 81,3 % in 1945 to

or underrepresented due to a subjective reporting

42,5 % in 1973 and 31 % in 1995.

(e.g., from the remote parts of the country).
Additionally, losses may not be comparable over

Conclusion

time since the spatial entities changed. Finally, as
it was proven during the assessment of available

In this paper we presented results from a Greek

data, losses are not equally recorded in different

flood hazard database which was established

individual databases, which may result in a bias

for the period 1887-2010 by using information

when calculating the flood frequency. Hence,

from multiple sources. It had been shown that

even if a large amount of data is available there is

there were considerable spatial and temporal

a need for careful interpretation.

dynamics in the events recorded, as well as in the

Besides many national and European

number of fatalities, which could been mainly

efforts to reduce natural hazard impact on

attributed to (1) the implementation of technical

society, considerable damage has still occurred in

mitigation and (2) changes in land-use cover and

recent years throughout Europe. Thereby, greater

population migration. While during data mining

availability of information of natural hazard

the frequency of flood events was relatively

occurrence both on a scientific basis but also due

undemanding to assess, the flood magnitude

to broader media coverage resulted in an increase

often remained fragmentary. Moreover, due to the

of hazard awareness on a societal level, in

Balkan Wars (1912-1913) and World War I and

particular due to a perceived increase in property

II, as well as the related economic depressions,

damage and fatalities. The increased public
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awareness has often been misconstrued as an
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indication for increased frequency and magnitude

Institute of Mountain Risk Engineering

of events which will trigger the potential increase
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thus increased magnitude and frequency, and to
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increased utilisation of areas prone to hazardous
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events for human settlement, economic activities

Democritus University of Thrace

and infrastructure corridors (Holub et al., 2012).
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Therefore, both of these possibilities need

fmaris@fmenr.duth.gr

further research efforts in order to allow for an
economically efficient and socially acceptable
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way of dealing with natural hazards, in particular
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with respect to the densely populated regions of
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Southern Europe.
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