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German Federal States activities in
relation to climate change impacts
along the Rhine River

- Federal States along the Rhine river and their
responsibility in hydrological issues
- Activities in climate change impacts

- Activities concerning the river rhine - first
preliminary results

- QOutlook
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Responsibility and cooperation of the
German Federal States on the Rhine river

German Federal States are
responsible for:

-Flood protection
-Water quality
-Water use and supply

which all may be affected
by climate change impacts

Deduction of recommended proceedures based on
scientific expertise and analysis of own technical authorities



Activities of the German Federal States in
climate change and water management

Project KLIWA (startin 1998; BW, BY, DWD,
RLP since 2007, participation Federal Institute
for hydrology, since 2007 HE und NW)

INKLIM - Projects (Hessen start in 2004):
Integrated programm for climate protection

In module IlI: (climate impact on surface water
hydrology)

Nordrhein-Westfalen e.g. ,Untersuchung zur
Auswirkung des Klimawandels auf das

Abflussverhalten in Gewassern in NRW (2009).
Studies on urban hydrology impacts (ExUS).




KLIWA-Project key aspects
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KLIWA-regions
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INKLIM-
catchments Hesse

ECHAM4-B2-WETTREG
ECHAMS5-A1B,A2,B1-WETTREG

Lahn-catchment:;
ECHAM5-A1B,A2,B1-REMO (-)!

32 gauges In
North-Rhine Westfalia

ECHAMS-A1B-WETTREG



Approach in the German Federal States

In the past years results of different regional
models driven by ECHAM4 and ECHAM5-global
modell have been analysed and evaluated:

B2 bzw. B1, A1B, A2

WETTREG, STAR
emission scenarios

REMO, CLM, COSMO-CLM

WETTREG and COSMO-CLM showed satisfactory results
describing the present climate
In adequate spacial and seasonal reproduction



(monthly mean flows)

gauge Frankfurt/Main (24.764 km?)

Mittlere monatliche Mittelwasserabflisse MoMQ
Pegel Frankfurt/Main (EC5-WETTREG-A1B)
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(monthly mean low flow)

gauge Frankfurt/Main

Mittlere monatliche Niedrigwasserabfliisse MoMNQ
Pegel Frankfurt/Main (EC5-WETTREG-ALB)
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contradicting to Rheinblick results



Change in mean annual low flow for ,near future”

(2021-2050) [ECHAM5-A1B-WETTREG 2006]
NW: small
decrease HE: clear
decrease
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Change in low flow quantiles for ,,near future“ (2021-2050)
[ECHAMS5-A1B-WETTREG 2009] Neckar river (12.710 km?)

Delta for 20year-event:

> | Neckar ca. -10 %

[ Main (INKLIM): -13 % ]
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MoMQ [m3/s]

(mean monthly floods)

gauge Frankfurt/Main

Mittlere monatliche Hochwasserabflisse MOMHQ

Pegel Frankfurt/Main (EC5-WETTREG-A1B)
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Change In

Frankfurt/Main: [Ec5-WETTREG2006]




Guideline for
Baden-Wurttemberg

»<Assessment of
design flood values
for technical flood
protection measures*
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Klimaanderungsfaktoren
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Rhine not included !!!! No ,factor-approach” in RP, HE, NW



Activities concerning the Rhine river

First climate impact studies only statewise because of
regional climate projections (especially not covering the
whole rhine basin)

Climate projections used for the rhine in KLIWA:

Former WETTREG showing bad results for the alpine
catchment of the rhine (- ) not suitable

CLM: strong overestimation for the reference period,
therefore no simulations for the future time ( -)

WETTREG-SUDWEST2009 (A1B) (2021-2050) [stations]

COSMO-CLM 4.2 (A1B) (2011-2040) [7 km grid]



KLIWA-strategy:

Use of best model / and only
gualified climate projections

,scenario-plausibility“ means
satisfying reproduction of the
simulated reference-climate for
regional and seasonal aspects



Modell-compartments of the ,rhine-model” up to the
gauge of Worms

Worms

Basel

Rockenau

Maxau
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Coupling of highly
detailed modells:

-1 km2/ LARSIM

- pre-alpin lakes

-Lake constance model
- synoptic routing model
Basel-Worms

Basel 35.929 km?

Rockenau (Neckar)
12.710 km?

Worms 68.827 km?2



MoMNQ [m?3/s]

Mittlere monatliche Niedrigwasserabfliisse 2011-2040
MoMNQ Pegel Basel_Rheinhalle, Rhein
CCLM-Daten-Simulation

2100 I Abweichung CCLM 1971-2000 zu CCLM 2011-2040
I Base|
1750 | —+—ccLmM1971-2000 N
- - - - - - Halbjahresmittel CCLM 2011-2040 *
------ Halbjahresmittel CCLM 1971-2000 :/
1400
1050 - r
700 - r
350 ~ r
O T T T T T T T T T T T
Nov Dez Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt
Mittlere monatliche Niedrigwasserabflisse 2011-2040
MoMNQ Pegel Worms, Rhein
CCLM-Daten-Simulation
2400 [ Abweichung CCLM 1971-2000 zu CCLM 2011-2040 80
——*— CCLM 2011-2040 WO rl I I S
2000 - ——ccim 1971-2000 A 60
...... P
Halbjahresmittel CCLM 2011-2040 s
------ Halbjahresmittel CCLM 197 1-2000 '/
__ 1600 N 40
o P20 N\
£ 1200 | :/ \3 20
= i - L
8001 = = 0
S O Y O s O [ == I o
400 - - -20
0 T T T T T T T T T T T ‘40
Nov Dez Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt

80

60

40

20

Relative Abweichung [%]

Relative Abweichung [%0]

MoOMNQ [m3/s]

180

Monthly mean low flow
CCLM 2011-2040

1971 - 2000
2011 - 2040

Mittlere monatliche Niedrigwasserabflisse 2011-2040
MoMNQ Pegel Rockenau, Neckar
CCLM-Daten-Simulation

150

I Abweichung CCLM 1971-2000 zu CCLM 2011-2040
—¢— CCLM 2011-2040
—4— CCLM 1971-2000

- - Halbjahresmittel CCLM 2011-2040

120 -

90 -

60 -

30

------ Halbjahresmittel CCLM 1971-2000

- 80

- 60

- 40

- 20

Nov Dez Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt

Rockenau/Neckar

L]}

W

Relative Abweichung [%]



MoMNQ [m?/s]

MoMNQ [m?/s]

2100

Mittlere monatliche Niedrigwasserabfliisse 2021-2050
MoMNQ Pegel Basel_Rheinhalle, Rhein
Eingangsdaten nach CEC 2009 (WETTREG-Rhein)
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MoMHQ [m3/s]

MoMHQ [m3/s]

Mittlere monatliche Hochwasserabfliisse 2011-2040
MoMHQ Pegel Basel_Rheinhalle, Rhein
CCLM-Daten-Simulationen
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MoMHQ [m?3/s]

MoMHQ [m3/s]

Mittlere monatliche Hochwasserabfliisse 2021-2050
MoMHQ Pegel Basel_Rheinhalle, Rhein
Eingangsdaten nach CEC 2009 (WETTREG-Rhein)
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...same pattern for
gauge Maxau
(before Neckar inflow)
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Flow Duration Curve
gauge Basel
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Flow Duration Curve
gauge Worms
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Flow Duration Curve
Rockenau/Neckar




Results for Upper-Rhine up to Worms

1 dynamic and 1 statistic regional projection,
both driven by ECHAM5-A1B-scenario — ,near future”

CCLM:

Mean monthly low flows and highflows show no
significant change, if so there is a decrease of flow
values.

Flow duration curves indicate increase in extreme flows.

WETTREG:

Clear decrease for mean monthly low flows and
highflows.

Flow duration curves indicate no change in extreme
flood values for Basel and Maxau,

but possible increase for Worms (and Neckar-river)




Outlook river Rhine

More ,ensemble-members” needed

COSMO-CLM 4.8: 3 runs 1971-2000 / 2021-2050
More global models driving WETTREG and CCLM
COSMO-CLM 4.8: use for Saar-Mosel-catchment
(InterreglVa-project ,FLOW MS* in Rhineland-
Palatinate)

Results compared to other ensembles like Rheinblick

For ,bandwith“-determination only proofed and validated
regional climate-projection can be included!
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special thanks to:

http://www.kliwa.de

Integrated Climate Protection
Programme Hesse INKLIM 2012

http://klimawandel.hlug.de

http://www.umwelt.nrw.de/umwelt/klimawandel

special issuses: urban hydrology impacts



