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1. Introduction

1.1. Background
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1.2. Floods
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Main areas in Europe prone to frequent flooding Figure 1.1.
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1.3. Droughts
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Figure 1.2. Factors related to the DPSIR framework for assessing floods
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SECTION A: FLOODS
2. Driving forces

2.1. Precipitation
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2.2. Catchment characteristics
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Figure 2.1. Ratio (%) between maximum daily precipitation and mean annual precipitation (period 1940/41–1995/96)
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Figure 2.2. October 1982 flood at the River Júcar flood plain
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3. Pressures
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3.1. Climate change
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3.2. Changes in catchment land use
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3.3. Land sealing
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3.4. Urbanisation
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Figure 3.1. Degree of urbanisation and main rivers in Europe
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3.5. Roads and railways
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3.6. Hydraulic engineering measures
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Demographic development for the period 1991–95 (Scotland 1991–94) Figure 3.2.
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(1) River regulation comprises the physical changes that people impose on watercourses, such as land drainage 
water abstraction, flood protection, inter-basin water transfer, reservoirs, wastewater discharge, weirs, 
dredging, channelisation and navigation.
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4. State

4.1. Types of flood
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Figure 4.1. Run-off during the 1995 Rhine flood
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Figure 4.2. Prevalent zones for flash floods in Europe (altitudes in metres above sea level)
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4.2. Probability of occurrence 
of floods
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Run-off during the Almanzora flood on 19 October 1973 Figure 4.3.
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Figure 4.4. Maximum flow discharges at the Rivers Júcar and Guadiana in Spain
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Figure 4.5. Ratio peak discharge/average annual discharge versus drainage areas in different regions
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(1) Average annual discharge.
(2) Maximum discharge for a return period or period of data selected.
(3) Source: Das Oderhochwasser 1997, Internationale Kommission zum Schutz der Oder.
(4) Source: http://www.bayern.de/lfw/hnd/.

Average and maximum discharges in European rivers Table 4.1.

Country River Location Area
(km2)

Average 
flow (1)
(m3/s)

Peak 
flow (2)
(m3/s)

Date of flood 
event

Return 
period 
(years)

Period 
of data

Austria Inn Schärding 25 665 735 4 620 20.7.1981 1965–84

Bulgaria Maritza Plovdiv 7 981 51 730 16.4.1973 1965–79

Finland Kymi Pernoo 36 535 330 710 2.1.1924 1909–99

France Seine Paris 250 2 500

France Tech Ceret 483 3 500 17.10.1940 100

France Reart Mas Palegry 137 1 100 26.9.1992 100

France Var Outlet 2 870 3 800 5–7.11.1994 100

Germany Danube Hofkirchen 47 496 650 3 020 March 1988 15

Germany Mosel Cochem 27 088 450 4 170 1993–94 80

Germany Rhine Kaub 103 729 6 500 1993–94 40

Germany Rhine Andernach 139 795 10 500 1993–94 65

Germany Rhine Rees 159 683 2 500 11 000 1993–94 80

Germany Oder Hohensaaten (3) 109 564 300 2 960 2.8.1997 150

Germany Danube Kehlheim (4) 22 950 750 2 220 24.5.1999 300

Hungary Danube Nagymaros 183 533 2 294 8 180 15.6.1965 1965–84

Hungary Tisza Szeged 138 408 944 3 825 31.5.1970 1965–84

Italy Ambra Mortozi 158 726 4.11.1966 100

Italy Po Pontelagoscuro 70 000 1 550 8 200 2.11.1976 1965–79

Italy Tevere Rome 16 545 221 1 790 18.2.1979 1965–79

Italy Sesia Outle 2 300 3 000 November
1994

80–100

Italy Po Ponte-Becca 36 800 11 300 November
1994

30–40

Romania Danube Ceatal Izmail 807 000 7 011 15 540 25.5.1970 1965–84

Romania Mures Alba Iulia 17 964 2 450 May 1970 100

Romania Somes Satu Mare 15 000 130 3 340 May 1970 125

Romania Potop G. Foii 196 875 26.6.1979 200

Spain Albaida Villanueva de 
Castellón

1 000 4 3 000

Spain Cinca Fraga 9 612 85 3 700 100

Spain Ebro Zaragoza 40 434 250 4 130 2.1.1961 1943–91

Spain Guadalhorce Puente del Rey 3 100 4 500 100

Spain Guadiana Puente de Palmas 48 515 84

Spain Júcar Huerto Mulet 21 497 37 6 000 100

Spain Llobregat Martorell 4 561 19 2 820 100

Spain Noya San Sadurni 726 2 1 510 100

UK Avon Evesham 2 210 15 371 11.7.1968 1936–93

UK Spey Boat of Garten 2 861 64 1 675 17.8.1970 1952–93

UK Oykel Easter Turnaig 331 17 848 6.10.1978 1977–93

UK Tay Balathie 4 587 2 268 17.1.1993 70–80

UK Clay Outlet 1 903 1 300 10.12.1994 20

Source: Stanescu and 
Matreata, 1997; Unesco, 
1993; Hydrological Data 
UK, 1993, 1994; MMA, 
1999.



26 Sustainable water use in Europe

5. Impacts

5.1. Concepts
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5.2. Recent floods in Europe
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(1) Blank means no data.
(2) Million USD = 106 US dollars; million DEM = 106 Deutchmarks; billion USD = 109 US dollars; 

billion ITL = 109 lira.
(3) References: Rydell,1956; OPW, 1961; IFA, 1988.
(4) Source: http://www.bayern.de/lfw/hnd/
(5) Germany, Austria, Switzerland.

Significant flood events in Europe, 1992–98 Table 5.1.

Date
(day/month/year)

Location Fatalities (1) Estimated damage (2)

21.7.1992 Bayer (D)
Jura (CH)

8
5 USD 47 million

8–9.8.1992 South-Central (UK) 5

22.9.1992 Vaison-la-Romaine (F)
Savona (I)

35
2

USD 336 million

27–28.9.1992 Genoa (I) 2 USD 10 million

3–6.10.1992 Veneto (I) USD 10 million

31.10.1992 Thyrrenian coasts
Sicily (I)

3 USD 712 million

1992 Tazlau (RO) 107 USD 50 million

9–11.6.1993 Wales (UK) 3 USD 19 million

12–15.6.1993 Dublin (IRL) 3 USD 45 million

23.9.1993 Brig (CH) 2 USD 460 million

23.9.1993 Liguria (I) 2 ITL 100 billion

December 1993 Belgium DEM 30 million

January 1994 Germany
France
Netherlands
United Kingdom

DEM 180 million

1–4.4.1994 South-West (UK)
Germany 7

4.7.1994 Niedersachsen, Rheinland,
Mittelgebirge (D) 5 USD 630 million

4–6.11.1994 Piedmont (I) 64 USD 13 billion 

10–13.12.1994 Scotland (UK) 3 USD 155 million

1954, 1990, 1995 River Shannon 
(central Ireland) (3)

January 1995 Germany
Netherlands

5–10.6.1995 Glomma (N) USD 300 million

11.8.1995 La Ciotat (F) 30

19.9.1995 Friuli (I) 2

4–6.10.1995 Nimes (F),
Liguria (I)

1 USD 10 million

19.6.1996 Versilia (I) 13

7.8.1996 Biescas (E) 86

8.10.1996 Emilia-Romagna, Calabria (I) 1

14.10.1996 Crotone (I) 4 ITL 200 billion

3.11.1996 Scotland (UK) 6

1997 Oder, Morava, Danube
(PL, CZ, D)

105 USD 6.5 billion

1997 Badajoz (E)

1998 Sarno and Quindici (I) 300

9–10.4.1998 Central England and Wales 5

23.7.1998 East Bohemia (CZ) 6 USD 60 million

20.7.1998 East Slovakia (SK) 50 USD 50 million

May 1999 Danube (4) 12 (5) DEM 818 106
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Ratio (%) precipitation in December 1993/long-term average precipitation in December in Europe Figure 5.1.
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Source: CEDEX with data 
from the Climate 
Research Unit (CRU, 
1998).
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Figure 5.2. Ratio (%) precipitation in January 1995/long-term average precipitation in January in Europe
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Figure 5.3. Discharge of the River Rhine at Cologne — floods 1993–94 and 1995
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Cross-section of the Oder marshland compared with the mean water level Figure 5.4.

(MWL = mean water Level on the Oder at the Kietz water gauge)
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6. Responses

6.1. Background
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6.2. Level of desired protection
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(2) Return period: frequency at which a flood of a certain size is expected.
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6.3. Structural measures
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Example of level of protection against floods as a function of the land use Figure 6.1.

Return period (years)

Natural state

Extensive agriculture

Intensive agriculture

Scattered settlements and
minor roads

Important national
infrastructure

Urban and industrial areas

Full protection — no damage acceptable

Limited protection — limited damage

No protection — damage acceptable

10 50 50010020

Source: Adapted from 
Saelthun and Tollan, 
1996.
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Table 6.1. Dams managed by the IIBRBS

Dam Completion date Maximum 
capacity
(million m3)

Cities protected

Pannecière 1950  80 Auxerre, Sens, Montereau

Seine 1966 205 Troyes, Nogent-sur-Seine

Marne 1974 350 St Dizier, Vitry, Epernay, Meaux

Aube 1990 170 Nogent-sur-Seine

Figure 6.2. Location of dams and reservoirs managed by the IIBRBS for the protection of Paris

PARIS

MARNE

AUBE

SEINE

CRESCENT

CHAUMECON

PANNÈCIERE
30 0 30 km

ÎLE-DE-FRANCE

Source: Nuñes Correia, 
1998.

Source: Nuñes Correia, 
1998.
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Effect of the new dams (Tous, Escalona and Bellús) on the maximum flow discharges of the River Júcar Figure 6.3.
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Figure 6.4. River channelisation in the town of Valencia on the Mediterranean coast of Spain
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6.4. Non-structural measures
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The effect of floods without dykes in the Netherlands Figure 6.5.
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(1) Time to peak discharge.

Table 6.2. Examples of the forecasting approach as a function of the response time scale

Response time scale Forecasting approach

Tp (1) < 3 hours Rainfall/run-off modelling plus quantitative precipitation forecast

3 < Tp < 9 hours Rainfall/run-off modelling plus flood warning

T p > 9 hours Flood warning

Source: Institute of 
Hydrology, 1984.
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6.5. Detailed examples of flood 
prevention and alleviation 
measures from selected 
European countries
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Flood forecasting CREM model used by river basin authorities in Spain Figure 6.6.

Source: CEDEX
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7. Conclusions
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SECTION B: DROUGHTS
8. Driving forces
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8.1. Atmospheric circulation patterns
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8.2. Rainfall deficiency
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8.3. Temperature
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(3) ((mean precipitation during 1940–96 – mean precipitation during 1990–95)/mean precipitation during 
1940–96) x 100.

Figure 8.1. Percentage deficit of precipitation in Spain during the 1990–95 drought
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Source: MMA, 1998.
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8.4. Natural catchment storage
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8.5. Socioeconomic factors 
controlling the demand for water
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Figure 8.2. General distribution of Q90 (mm) across EU-12
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9. Pressures
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9.1. Climate change
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9.2. Water demand and water 
resource availability
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Evolution of total water abstracted in EU-15, 1980–2010 Figure 9.1.
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Figure 9.2. Percentage change in nights spent in collective tourist accommodation between 1997 and 1998
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9.3. Land-use changes
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Annual evolution of irrigated land in EU regions Figure 9.3.
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9.4. Environmental awareness
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10. State
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Gradation of drought severity and persistence Figure 10.1.
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Table 10.1. Summary of some recent drought events in Europe

Date Region Characteristics

1968 Hungary Rainfall (February–July) 10 % of normal

1969 Denmark, Sweden, UK Very dry summer; water rationing

1971 Most of Europe Exceptionally dry year
Lowest winter rainfall in Spain for 30 years
Intensive summer drought in Poland
Lowest levels on the Rhine since 1818

1972 USSR Lowest river levels for 50–80 years

1973 Northern and eastern Europe Very dry spring in eastern UK
Low winter rain/snowfall in Austria, Germany and Czechoslovakia

1974 Scandinavia, France,
the Netherlands, Austria

Dry spring in Norway (rainless April in some areas), Denmark, the 
Netherlands, Austria
Nine-week spring drought in Sweden
Low rainfall, April–August, in France

1975 Northern and eastern Europe Dry winter in eastern Europe, low river levels
February–August rainfall in Ireland and UK lowest this century
Summer rainfall in Sweden lowest on record
October rainfall in Belgium lowest on record

1976 Northern Europe (Scandinavia 
to France)
Effects also spread to eastern 
Europe

Severe drought, especially in south-east England and northern 
France. Hot dry summer following a dry winter. Record rainfall 
deficits. Surface water and groundwater deficits
UK: 16-month duration, unprecedented intensity. Very dry summer 
in Scotland, impact worst in south-east England with supply 
restrictions
March–September rainfall in the Netherlands, Denmark, Norway, 
Sweden, Scotland and northern France lowest on record. Very low 
soil moisture deficits in Ireland 

1976 UK Dry summer from May to August
Scotland (mid) — driest summer since 1868
Northern Ireland — seventh successive summer with below-
average rainfall

1978 South-east UK South-east England — driest autumn since 1752
Western France — driest October/November since records began

1984 Northern and eastern UK Very dry spring and summer. Affected surface water sources only

1988–
92

Most of Europe (southern 
England to Mediterranean 
and to Hungary)

Prolonged abnormal circulation pattern causing rainfall deficiency 
over wide geographic area interspersed with short wet periods. 
High summer temperatures and above-average winter 
temperatures with reduced snowfall. Timing and severity of 
maximum run-off deficit varied widely. Water resource problems 
across Europe exacerbated by increased demand, for example 
3 000 rivers dried up in France in late 1990, irrigation restrictions. 
Severe summer drought in north-east Germany in 1992, with crop 
production reduced by 22 %

1990–
95

Spain, Portugal Prolonged drought across all of Spain except north coast. Most 
intense between September 1994 and August 1995
Hydroelectric stations forced to shut down

1992–
93

Bulgaria, Hungary Very hot dry summer in 1992. Continued with below-average 
rainfall to October 1993. Very low soil moisture in Bulgaria causing 
severe loss of agricultural production
Worst drought in the USSR for 100 years

1995 Ireland and UK
Norway, Sweden 

Hot dry summer and autumn. Dry soil. Impact on surface water 
sources, not groundwater
Low temperatures and little winter snow in Nordic countries

1996 Bulgaria Hot dry summer across whole country

1997 Germany, France, Ireland, 
Portugal, UK

Very low rainfall

1999 Finland Hot dry summer in southern Finland. Very low water levels both in 
rivers and groundwater formations

(4) (mean precipitation during 1900–96 — mean precipitation during period of drought)/mean precipitation 
during period of drought.

Source: Various, including 
Beran and Rodier, 1985.
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1971 percentage deficit in precipitation across Europe Figure 10.2.

< 0
Drought status in 1971 (%)

1–10
11–25
26–50
51–75
76–100

1975 percentage deficit in precipitation across Europe Figure 10.3.

< 0
Drought status in 1975 (%)

1–10
11–25
26–50
51–75
76–100

Source: CEDEX with data 
from the Climatic 
Research Unit (CRU, 
1998).

Source: CEDEX with data 
from the Climatic 
Research Unit (CRU, 
1998).
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Figure 10.4. 1988–92 percentage deficit in precipitation across Europe

< 0
Drought status in 1971 (%)

1–10
11–25
26–50
51–75
76–100

Source: CEDEX with data 
from the Climatic 
Research Unit (CRU, 
1998).
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11. Impacts
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11.1. Impacts on rivers, reservoirs and 
aquifers — water supply 
problems
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11.2. Loss of crops and loss 
of livestock
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11.3. Water quality deterioration — 
impacts on ecosystems
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(5) As Table 10.1. shows, a drought was recorded in most of Europe in the years 1988–92.
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11.4. Economic impacts of past 
drought events in European 
countries
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12. Policy responses
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12.1. Early warning systems (drought 
alert indicators)
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Figure 12.1. Threshold methodology
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y: Truncation level for the time-variable ‘drought’ (X )
l: Length of a negative run (X < y)
d: Sum of a negative run

t

t

Source: Institute of 
Hydrology (1999).
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12.2. Emergency plans
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12.3. Demand management

�����	����
�	��J��
�������������������
5�
�������
	�����
�	�����
�
�
����
��
�����
	��������

�������
��
��	���������	��
�	�����
�����������

�������
��	�������
	�����	����
��������
������	�
���
����������	������������������

����	����	�����	�����"�8DD:!�

�	�������
����	���	�����
����������
���
���������
����������������
	���������
���
��
�����
������
���
�
�������	����
���������
���
���
�	���	�����������
�����������������
�	��
���������
��������!��
�����4�
����������������
������
�	���������	���
�������
������!��
���
����������	���������
������
��������
�	��
���������	�������������	�����@������
��
��	
��
@���
�
������@����
������
�.�����
	����	��
�

�����	�����������	�
�	������	�����������
	�����������������
��������
����
�	�����������
��������
	�
���
	������
��
�����@��������������
��
�����
�����������
���������	��
�����
���
��
��	����
��+	��
������	�	����
���
�����
���������������������������������
	�
�	�������
�
����������������
��������
���
���	������	�����@��
��@����
�����	����	���
�����	����������������
���
�����	���
���	����������	�
��
���	�	�����		��������
�����������
������
��������������
�����
��
�
��	����������

����	��
����@��
���
��
��	����
����
�����	������������	���
@����
���������
��
��������������

(��������	���
����������������	���	�����
���
�����
�������������
����������
�	��	��
����������
��	����
���������������
���������
	�
����������	���������
�
���
����������������

	������
��	����
�����������
��������������
	�

�.����
	����	��
�
�����������
����
	��������
���
�����
�	����
����������	����
�����������������
�����������
����	���
�	������
��������	���������
���������	�����������������
��	��
���������

����������
�	���������

6	��	
���������������
�����������
����������
	����������������
���
�	��	��	�	���������
�������
	�������������

	��������
��
�
������������
���
�������

�@��
�������������
�	������	�����
	�����
����

�����	�	������������	��
�����
�������������

�����������������	���������
��
	��������������
�	�����
�	����������������	��
��������������
�	�
�������	
������������
�
	��	��������	��
��
�����	���������
������
�������
�����	���
�����������������	���	��������#	��
������
���
�����������
�������������
���������

������������	�������������
	��!��������	����
	
����������
��������������������
����
��
������

����	
����
���	��������
	���������������
�����
���������������������������
	�
���	����
����������������������
��������������
��������
	�������
������
��������������������	�����
�	�
������������
�����	��������������
�	��
����
�	�����
���������
�������������
������
	���������	�.������������������
����
���
	�
�����	�	�����	�
�	����
��������
/����������
�������������	����
��������
�	��	��
���������
������������
��	�
�����	���
�����
��
��
�����������������	������������'�	��������
��������
�
�����	�	
�	��	����
���
����
�
�
�	������
�����
�	�����������������
������������	�������#	����
������
����"��	��

�����	�����	����
�	������
�	��	����	���
�	��
�������������
��
�����
	��������
���
�	�����
�	��	����
���������	���
����
�

�	����������������
�������	���
�	����	���
������������
������	�
������������	���
���
���6���
����������	��
������
������.�	��
�������
�
�	���	��
�������.�����������
���������	��������������
	�������
�	����������
	�����
	�.����
�������	����	���
�	�������
�	���@������	��
��������
����������������������
��
�����������	��������
�	����	��������
�����
�����	
���	�������	���������������������
���������	���	�4������
�����	����	���
�	��

'	
��
��������������	��
�������	
����
�	��
��
��4������������������������
�������
	�
�	���

��
�����
	�����	
��
�������	�������	��
��
������
����
�	����
�
�������������	���������
��������	���
�	��!�����
�	�������������
	�
����	
����
��4����������������
��������
����
6������������������
������
�������
	�
�	���
����������
��
�������	
����
�	������
����
������
���
�����������	����
���������	����������
��������
�
�	��	���	��������������
�	���
��
�������	�����������������	
�����������!�
����
�	�������
���
	�
����	�4�
���
�����
�����
��	��������
�	������������	
����
�	��
	�������
�	���������������
������	
����
�
	��.�	���������	�
���
����	������
��
���������
�	�����	���
�	�����
�����
����	
����
������
������
�	��	����	��
�������������#��
���
�	����
������	��
�	����
	�
�����
�	��	��
���������	�	
�	��	�������



Policy responses 67

���
��
�
����	������	
����
�������
������
���
���!�

���	�����
	���.��
�����������	��������
�
��
	�
��	���
�������
����	����
�
�	������
���
��
�	���
	���
���
�������
��������
�	����	��
���	���
�	���������������
������	�
���

	��
������
��	
�����	��������
�����
���"�����
������������"
������/�����!��������
���
:;I<=;G���	���
������������
������
�	��	��
�	�����
�	�����GD E����������
������
�����������
���������	����
����������������
���������������	�������������	��.�������
���
����������������	�����	��
�����	���
�
�
	��
�	��������������������
�	��	��	
����
��
�����������������
���������
�	��	��
���
-	�������������	�����.���������������������
	�
���������������
�����
������	�����.������
�����������"
�������
�����������	�������	���
��
����
���	���	����@����
��

12.4. Supply strategies
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13. Conclusions
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Annex A: Detailed examples of 
flood protection and alleviation 
measures applied in Europe
A.1. Measures against floods in 

France
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A.1.1. Plan for a ‘natural Loire’
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A.1.2. Flood forecasting and alert 
systems
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A.1.3. Action plan against Rhine floods
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A.2. Flood protection in Germany
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A.3. Flood protection in Hungary
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A.4. Flood protection in Slovenia
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Figure A.1. Areas protected against floods with the main levees in Hungary
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Table A.1. Protection against floods in Slovenia

Year Main embankments (km) Flood protected area (ha)

1980 754 228 218

1985 857 232 313

1990 904 234 351

1994 946 238 997

Source: SIRS, 1998.
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A.5. Flood protection in Spain
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Regulation of watercourses Table A.2.

Year Regulated 
sections (km)

River-bank 
protection 

(km)

River-bank 
dams (km)

Meander 
cuts (km)

Alongside 
objects (km)

Other (km)

1980 — 456 — 408 163 8

1985 1 144 810 9 467 251 19

1990 1 463 1 005 10 511 2 700 31

1994 1 641 978 11 512 384 32

Source: SIRS, 1998.
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Figure A.2. Zoning of river channel and banks according to the Spanish Water Act and its regulations
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Source: CEDEX (1998a)
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A.6. Flood protection in Finland
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Sites of the automatic system of hydrological information in real time in Spain (translated from MMA, 1998) Figure A.3.

Source: MMA (1998)
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A.6.1. Hydrological forecasting and 
real-time monitoring in Finland: 
the watershed simulation and 
forecasting system (WSFS)
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