


Time to Adapt —

=
2
(2]
c
Q
£
(@)
=
2
2
c
@
Q
Q.
(®)
=
=)
L
()
=
+—
©
=
@®©
()
(o))
=
@©
=
O
9
@®©
E
@)

Between 1998 and 2004, Europe
suffered over 100 major floods, with
~ 700 fatalities,

~ 500 000 people displaced

~ 25 billion € insured econ. losses

In summer 2002, Europe suffered a
devastating flood, with a total
material damage over 20 billion €
(highest ever recorded in Europe).



Drought events cause
damage in the same order
of magnitude as floods.

For example, the 2003

drought in Europe caused
Elbe at Dresden, summer 2003 an economic damage of

approx 14 billion €.
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Fatalities due to the heat
wave in summer 2003 are
estimated as several 10 000
loss of lives
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Crop damage, summer 2003
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Risk = Hazard -Vulnerability

Hazard: occurrence probability of a disastrous event
Vulnerability: potential damage

(i) Changes in climate | = Atmospheric circulation patterns;

and atmospheric » Water holding capacity of the atmosphere (intense precipitation)
system « seasonality

* hydrological regime

(i) Changes in » Land-cover change - urbanization, deforestation, elimination of
terrestrial systems natural inundation areas (wetlands, floodplains);

* river regulation — channel shortening and straightening,
e damming rivers

(iii) Changes in socio- | * Land-use change, increasing exposure and damage potential
economic systems  floodplain development, growing wealth in flood-prone areas,
» changing risk perception

Kundzewicz & Schellnhuber, 2004
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Frequencies (10-v-mov. average) of atmos. circulation patterns in Dec + Jan, 1881-2002

“Westerly-zonal” (usually wet)
“North”, “East”, “Northeast”, “Southeast” (usually dry)

(Bardossy, personal communication)
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glg/m?

Temperature [°C] 0 10 15 18 20
Saturated (maximum) 4.8 9.4 12.9 15.4 17.3
water content [g/m3]

g (18°C) - g(15°C) =25gm3 (=19,4 %)
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“cold conditions”: -3- 19°C (e,: 5-24hPa),

"hot conditions”: 29-35°C (e,: 42-57hPa)

(based on 51, 37 or 12 stations, source: Kevin Trenberth, personal communication)

Higher Temperature (and e,) result in a higher probability of
strong rains (> 40mm/days) and extreme rains (> 100mm/day)



The overall maxima for the
period 1961-2000 occurred
more frequently in 1981-
2000 (46 times) than in
1961-1980 (24 times)
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6855500
6855402
6855401
6855250
6855100
6854900
6854700
6854600
6854590
6854200
6854101
6744201
6742700
6731660
6731610
6731570
6731455
6731410
6731320
6731300
6731280
6731200
6731175
6731165
6731160
6731140
6731070
6731050
6609500
6609400
6608200
6607650
6607550
6607200
6607150
6606400
6605600
6605550
6604800
6604650
6604610
6549100
6546610
6545400
6545200
6545190
6342800
6342500
6340501
6340130
6338130
6337505
6337503
6337502
6337400
6336900
6335602
6335500
6335350
6335301
6335180
6335125
6335100
6233850
6233720
6233700
6233250
6233220
6142100
6140480
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Days of the break-
up of the ice cover:

Daugava/ Latvia (above)
Tornio / Finland (below):

10-year-average (0) and
10-year extremes (--)

(WMO)
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The Rhine Catchment:

Area: ca. 180,000 km?

Location: Switzerland, Austria, France.
Luxembourg, Germany, Netherlands

Hydrological Characteristics:

Alpine Rhine: mainly nival + glacial regime
=> Floods in late spring / early summer
middle + lower Rhine: mainly pluvial regime
=> Floods in winter and spring
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Change of the hydrological regime at gauge Maxau 1927-1996

Burger & Bronstert, 2004
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20th century trends in flood-producing precipitation over the Rhine basin
(Pinter et al. 2006)



Conclusions:

The flood regime of the upper Rhine has already changed

Investigations about a changed (or changing) occurrence
probability of Rhine floods are still missing
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Such investigations are highly relevant for flood management
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Projected future conditions in Europe:

=> extreme rainfall (Max)
=> extreme river discharges (Max; Min)
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active field of research !
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high uncertainty !

3 examples
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GCM: HadCM3 model (2.5°x3.75°x19 levels). 240 ensembles
Lower 10% estimate Upper 10% estimate

—-45 =35 =25 -10 -5 5 15 25 35 45 55

% change of daily rainfall (1 year return period)

Source: Robin Clark, Hadley Centre (UK), personal communication






