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g(n' Cli mate change ¢&

IPCC AR4, 2007: Increase in global air and ocean
temperatures, melting of snow and ice and rising
sea level now clearly indicate a significant
warming of the Earth, which is to a large extent
due to human interference.

Changes in precipitation patterns, droughts,
storms, and flooding are probable. Impacts of
changes in mean and extreme events will affect
modern societies in many respect.

May 27, 2010 . . .
on Kotmeier International Conference i Climate Change



AT Cli mate change ¢é and soc

May 27, 2010 . . .
Ch, Kotimeier International Conference i Climate Change



=

=0

a2t

S

=il

||l . -
S R

re

A A v S| da
i . e s i

hanging vulnerability of technologi
o Infrastructure (buildings, traffic sysH
water suppl

ahighly automized andipterdependefl
iInformation society in developed coul

May 27, 2010 : o Pictures: courtesy B.
oh Kotmeier International Conference 1 Climate Change Ruck. IFH



ﬁ("‘ Global perspective

Air temperature difference in future periods to 1980-1999
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Quelle: IPCC AR4 2007
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ﬂ(" Challenges
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Climate Change a Impacts on human
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ﬁ(“ Climate research at KIT

The Karlsruhe Institute of Technology and its efforts in
the field of climate change research

leadership role and numerous research f
projects in the Helmholtz Programme (e HE'EE;EEEMT
AAt mospher e @wvithdFZJCGFZ)mat e f |

combining Earth and engineering sciences in the
KIT-Center Climate and Environment

focussing on climate and geological risks in the |
Center of Desaster Management and Risk Reduction @ED| M
Technology (CEDIM, with GFZ)

transferring scientific results to politicians, industry, and K= 2 bikrn
the media via the The Southern Germany Climate Office AN 2m
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ﬂ(" Topics

Topics

(with examples from current research at KIT)

1. Challenges of downscaling global climate change
scenarios to regional prediction

2. Technology for mitigation (KIT example of carbon
storage)

3. Technology for adaptation (KIT examples of adaptation to
mitigate flood and storm risks)
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A\KIT Global modelling and uncertainty

We (have to) rely on
modelled climate change
scenarios depending

Auncertain emission
rates and composition
change

Asimulations of a very
complex physico-bio-
chemical system

Amodels being only
validated for present
climate

MRI-CGCM2.3.2 Climate Model, Yukimoto et al., 2006

il V4 n 'd t

3D -temperature change 2070 -2100 - present
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ﬁ(“' Global perspective  Regional perspective

Temperature change
in °C, end vs.
beginning of 20th
century, IPCC TAR

Temperature and
precipitation change,
model consistency end
vS. beginning of 20th

century, IPCC AR4
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ﬁ(“’ Global perspective  Regional perspective

MMD-A1B Simulations year winter summer
for Europe. Annul

Differences (2080-
2099) vs. (1980-1999),
21 model average.

Temp Response (°C)
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ﬁ(“' Global perspective  Regional perspective
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ﬂ(“ Climate modelling 7 a technology challenge

ENIAC, 1946

First useful

L. F. Richeecgber
(188113&53& gt

n =
HP, ca00p, 2001

27 t weight,
5000 additions or 357 multiplications
oder 38 divisionen per second
SCC/KIT Aristoteles
15.77 TFLOPS = 1577663b000000 Szt atioms per 5
0SHEMDSaia Met eorol ogica ADi e Lehre von den

Hi mmel ser scheinungeni
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ﬁ(" Technology: High performance computing

ECHAMS / MPI  -OM fur IPCC AR4 mit

T63L31 (a200k mAufldsung 7

18 Experimente
insgesamt 5000 Jahre Simulationszeit
80 CPU Stunden pro Simulationsjahr

Quelle: http://www.dkrz.de/pdf/tf/TerraFlops_6_10_MidREZ.pdf

CLM mit 50km (0.44 °) Auflésung
118 x 110 x 40 Gitterzellen
Dt = 240s (Runge -Kutta)
100 CPU Stunden pro Simulationsjahr

CLM mit 7km (0.0625 °) Auflésung
124 x 140 x 40 Gitterzellen , Dt = 40s (Leapfrog)
360 CPU Stunden pro Simulationsjahr

Source: H.-J. Panitz, KIT
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deterministic predictions

-> |limits weather forecasts to
about 14 days (deterministic chaos)

KIT approach to climate downscaling: ensembles
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climate scenarios / prediction: possible

futures decades ahead
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Ensemble setup:

different global models

different global model realizations
different SRES scenarios
different downscaling methods
different regional models

different resolution, physical process
parameri zations ¢
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A\K" KIT approach to climate downscaling: ensembles

Ensemble structure _ _ AS!I
High Resolution

RCM Ensemble

REMO-UBA CLM-CR CCLM (IMK)
10 km 18 km 7 km

Present day climate c20 1 C20_1 C20_1 c
1971-2000 C20_2 C20_3 2
C20_3 ©
L
Projection period A1B_1 A1B_1 A1B_1 S
2011-2040 A2_1 A1B_2 A1B_3 o
(2041-2070,2071-2100) 511 o )
= , ©
Focus: Dependence on Internal variability Regional o
emission scenario structures t})’

s |10 {¢| —

May 27, 2010 . . .
Ch Kottmeier International Conference i Climate Change



ﬁ(" KIT approach to climate downscaling: ensembles

Present Future

much higher information detail, probabilistic, more realistic

DIFF: 2m Temperature A1B_1 —C20_1, 2050-200000

p(delta(RV10) > 5%)

Longitude East

CLM-Konsortiallaufe: Differenz der 2m-Temperaturen A1B_1 - C20_1 Probability map of a temperature
1981-2000 vs. 2031-2050 increase by more than 1 K
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ﬂ(" KIT approach to climate downscaling: ensembles

Ensemble agreement

Probability of
precipitation change
by more than 5 %
2011-2040 vs. 1971-
2000
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