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Number of major events 1980 — 2014 worldwide
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Clausius-Clapeyron: saturated moisture content in the
atmosphere is a non-linear function of temperature
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Trends in relative and absolute humidity in
Europe
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Stationarity is dead!

Milly, P.C.D., Betancourt, J., Falkenmark, M., Hirsch, R.M., Kundzewicz, Z.W.,
Lettenmaier, D.P., Stouffer, R.J. (2008) Stationarity is dead: whither water
management? Science, 319, 573-574.
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Co-operation with the leading insurance
companies (German Insurance Association)

Leading questions:

e How will climate change impact on flood generation in
Germany?

e Do we have more or less intense floods under climate
change?

e What is the approximate magnitude of the projected losses?

Group meetings with the insurance experts every 2-3 month
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Murmber of accurrences

Observed trends in circulation pattern

Very humid west wind pattern
(origin: Atlandic)
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INntroduction observed trend in intense precipitation (1951-2006)

Daily precipitation > 20 mm

Daily precipitation > 30 mm
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Introduction Trend in annual flood maximum 1951-2003
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Methodology: From climate
extremes to financial losses

Step 1: regional climate by CCLM and REMO (multiple
scenario and realisations)

Step 2: modelling hydrological processes for each
realisation using SWIM (for ~5000 river reaches/

sections)

Step 3: calculation of extreme value statistics (reference
period) for each river reach (General Pareto
Distribution GPD)

Step 4: linking runoff and damages using GPD, calculate
flood damages for each river reach and scenario

day

General Pareto Distribution:

e
F,(X) = G(x;5,&,u) :1—[1+ é(x—:u)}
O

Developed for return interval T:

-y o u = threshold
n, -Pr(x>u) &,0 = parameters

5q—U.§+1 q = runoff

Downscaling and hydrological
modelling (~5000 river sections)
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The regional climate models (RCMs)

First generation: “German” RCMs (7 scenario runs):

e REMO — model domain Central Europe, grid size 10 km, szenarios A1B, A2 and
B1 with one realization each

e CCLM — model domain Europe, grid size ~18 km, szenarios A1B and B1 with
two realizations each

Second generation: SRES Alb, 6 GCMs driving 8 RCMs (14 runs)
e Model domain Europe, 25 km grid size (EU project ENSEMBLES)
Third generation: CORDEX RCP8.5, 5 GCMs driving 6 RCMs (15 runs)

e Model domain Europe, 25 km grid size

e 11 scenario runs, 4 are additionally bias corrected (EU project IMPACT2(C)
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Second generation: SRES Alb regional climate
model input (ENSEMBLES project)

AlB Institute GCM |HC HadCM3 Q0 |HC HadCM3 Q3 |(HC HadCM3 Q16 |MPI-MET ECHAMS r3 [CNRM Arpege UiB BCM
Institute ~ RCM Resolution
cal RCA3 25 km
DMI HIRHAMS5 25 km
ETHZ CLM3.21 25 km
HC HadRM3 Q0 25km
HadRM3 Q3 25km
HadRM3 Q16 25km
ICTP REGCM3 25 km
KNMI RACMO2 25 km
MPI M-REMO 25km
SMHI RCA3 25km 1961-2100

Ensembles: EU FP7 project, 14 runs selected
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SWIM vs. SWAT

Are there many differences?

e There are some, but... (SWIM is based on SWAT’94 & MATSALU)
e Same model structure

e Basic assumptions and equations comparable

Some specific functionalities

e Wetlands

e Dams and reservoirs

e Agriculture (Irrigation)

SWAT more user-friendly...
SWIM rather “pure” scientific tool...
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T (2015): Modelling climate and land-use change impacts with SWIM: lessons learnt from multiple
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Bias correction
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e Model calibration
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Calibration and validation using observed
climate data
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Flood damages for specific river reaches — Rhine at
Cologne and Main at Frankfurt
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Outline

e Scenario results
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Results: Flood damages in the Rhine basin
under climate change

Damages in the Rhine basin (CCLM-B1)
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Maps of the flood-related damages under

scenario conditions
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Cumulated damages
for Germany

First generation: 1 GCM, 2 RCMs,
3 SRES scenario: Alb, A2, B1

Second generation: 6 GCM, 8 RCMs,
1 SRES scenario: Alb

Third generation: 5 GCM, 6 RCMs,
1 scenario: RCP8.5
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Impact of bias correction on results

Third generation: RCP8.5, 15 runs

o

m —
—_— -
5 & ©
= I — bias corrected . @
'-g 0 — original @ ? '
S 4 .
— o
£ 2 7 @
» L *
® 9 P $
g o * :
2% : O 1
T 3 - —p=
b o) ~
o . -
o o :
TR I .

l T T ]
1961-2000 2011-2040 2041-2070 2071-2100
Period
O L) o

|

P
Fred F. Hattermann

Source of damage functions: German Insurance Association (GDV),

modelled at PIK, Hattermann et al. 2014



Outlook wetterontine ...
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Land use and floods

Oberrhein nordlich
von Basel (Isteiner
Klotz) um 1800
(Gemalde von Peter
Birrmann, Kunst-
museum Basel)
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Loss events worldwide 2013
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Introduction Trend in annual flood maximum 1951-2003
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Data: Main German river basins
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Significant floods 2014
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Outline

e Hydro-meteorological extremes under climate change
e Increasing flood risk in Germany

Turn of the tide in West Africa

e QOutlook
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Annual losses per climate model and realization in
Germany
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Source of damage functions: German Insurance Association (GDV),

Ered E. Hattermann modelled at PIK, Hattermann et al. 2014



Average annual damages per period
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River basins under investigation — ISIMIP
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Valentin Aich, Bakary Koné, Eva N. Miiller and Fred F.
Hattermann (2014) Assessing the increasing flood risk in the

Niger River: Climate change, land use change or increasing
vulnerability?
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Topics of the study:

e Trends in people affected, AMAX and
precipitation.

e The ,Sahel Paradox” and why there is no more | § ,
paradox.

e Correlation with the Atlantic Multidecadal
Oscillation (AMO).

e Non-stationary Extreme Value distribution

Methods:

e Data based attribution approach

e Simulation based attribution approach

D
D

P11 K
Fred F. Hattermann



People affected by major floods in the
Niger basin
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Flood generation areas in the Niger basin

C3  Niger basin
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Data based trend attribution

Trends of people affected, AMAX, precipitation (Reanalysis data WFD and WFDEI) and AMO:
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Data based trend attribution

Trends in AMAX, annual prec., heavy prec., and the runoff coefficient (AMAX/Prec):

Guinean Sahelian
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Model based trend attribution

SWIM set-up for the Niger basin:

% Gauging station used for
calibration

_/” Viatershed of Niger basin

* Adapted to African soils
and land use

S Niger river or tributary

T} e L
@ Reservoir included in model o e

%, tibyan ArabJamahiriva

* Includes 5 major reservoirs

* |ncludes an inundation
module for the Inner Niger
Delta
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Model based trends attribution

Simulation results (driven with reanalysis data WFD) at gauge Niamey, Niger :

Niamey Guinean flood Niamey Sahelian flood .
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Conclusions for West Africa

« Climate variability is the main driver for the increase of flood magnitude in
the Niger basin.

« Land use change contributes in the Sahelian region to the increase of
AMAX but to a minor amount.
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Outline

e Hydro-meteorological extremes under climate change
e Increasing flood risk in Germany

e Turn of the tide in West Africa

e Outlook
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latitude

Methods: from global to regional scale

Global Cliamte model @ Regional Climate Model
(ECHAMDS) (CCLM/ REMO)

ngituda

Changes in extreme events



Source: NASA
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Petoukhov, V. et al. (2013) Quasi-resonant amplification of planetary waves and recent

e Northern Hemisphere weather extremes. PNAS 110, 5336
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SWIM-Live — operational forecast
... of runoff, water availability, crop development ...

| Die Elbe

| Elhe-Expert Toolbhox | Modelberbund | Publikationen

Version 1.0
Version 1.1
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Comparison of the floods in 2002 and 2013
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Bias correction
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Trend in absolute humidity

Qair daily WFDEI: 1979-2009, TREND
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Trend In relative humidity

Relf daily WFDEIL: 1979-2009, TREND
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Introduction Development of air humidity 1951-2006
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[ Climate inputs: Solar radiation, temperature & precipitation
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Results: Flood damages in the Rhine basin
under climate change

Damages in the Rhine basin (CCLM-B1)
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SW' M (Soil and Water Integrated Model) <-> SWAT

Climate inputs: Solar radiation, temperature & precipitation
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