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Climate change é

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. 
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Climate change é and societal change

River Rhine, Oct. 1, 2009, Speyer Sri Lanka, 

2001

Dresden, 

August 2002

é will coincide with the demands of a 

Årapidly increasing population in many 

countries, 

Åneeding food, energy, water, health care
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Åchanging vulnerability of technological 
infrastructure (buildings, traffic systems, energy 
and water supply é), and 

Åa highly automized and interdependent 
information society in developed countries

Climate change é and societal change

Pictures: courtesy B. 

Ruck, IFH

é will coincide 

Åwith increasing public and private properties 



May 27, 2010  

Ch. Kottmeier International Conference ïClimate Change

2011-2030 2046-2065 2080-2099

B1

A1B

A2

Quelle: IPCC AR4 2007

Air temperature difference in future periods to 1980-1999

Global perspective
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The challenges 

Quantifying and monitoring future climate change

Mitigating climate change

Adapting to climate change

Challenges
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The Karlsruhe Institute of Technology and its efforts in 

the field of climate change research

leadership role and numerous research 

projects in the Helmholtz Programme 

ĂAtmosphere and Climateñ(with FZJ, GFZ)

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 

Technology (CEDIM, with GFZ)

transferring scientific results to politicians, industry, and 

the media via the The Southern Germany Climate Office

Climate research at KIT
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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)

Topics
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3D - temperature change  2070 - 2100 - present

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

We (have to) rely on 

modelled climate change 

scenarios depending

Åuncertain emission 

rates and composition 

change

Åsimulations of a very  

complex physico-bio-

chemical system

Åmodels being only 

validated for present 

climate

Global modelling and uncertainty
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Temperature change 

in °C, end vs. 

beginning of 20th 

century, IPCC TAR

Global perspective Regional perspective

Temperature and 

precipitation change, 

model consistency end 

vs. beginning of 20th 

century, IPCC AR4
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IPCC AR4, TS 20

MMD-A1B Simulations 

for Europe.

Differences (2080-

2099) vs. (1980-1999), 

21 model average.

temperature

Numbers of 

models giving 

more precip

precipitation

winter summeryear

Global perspective Regional perspective
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Temperature change 

in °C, end vs. 

beginning of 20th 

century, IPCC TAR

Global perspective Regional perspective

Temperature and 

precipitation change, 

model consistency end 

vs. beginning of 20th 

century, IPCC AR4

CEDIM Wind risk 

map for Germany, 

present climate 

State of Baden-
Württemberg:

Observed 
precipitation change 
1931 ï2000, future 
precip, droughts, 

floods

National 

perspective 

State 

perspective 
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27 t weight, 

5000 additions or 357 multiplications 

oder 38 divisionen per second

ENIAC, 1946

First useful 

weather 

forecasts

Aristoteles

384 v.Chr.ï322 v.Chr.

Meteorologica ĂDie Lehre von den 

Himmelserscheinungenñ
Quelle: Wikipedia

Societas Meteorologica Palatina 1780

Brandes, 1820: Luftdruckkarten

Aktuelle Karte: Weltausstellung

Pierre Simon de Laplace, 1814

L. F. Richardson

(1881-1953)

The framework of 

numerical prediction

Climate modelling ïa technology challenge

SCC/KIT

15.77 TFLOPS = 15770000000000 operations per 

seconds

HP XC4000, 2008
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Technology: High performance computing

ECHAM5 / MPI - OM für IPCC AR4 mit

T63L31 (å200km, 1.87° ) Auflösung
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 ° ) Auflösung
118 x 110 x 40 Gitterzellen
Dt = 240s (Runge -Kutta)
100 CPU Stunden pro Simulationsjahr

CLM mit 7km (0.0625 ° ) Auflösung
124 x 140 x 40 Gitterzellen , Dt = 40s (Leapfrog)

360 CPU Stunden pro Simulationsjahr

Source: H.-J. Panitz, KIT
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climate scenarios / prediction: possible 

futures decades ahead

-> limits weather forecasts to 

about 14 days (deterministic chaos)

initial state

deterministic predictions

KIT approach to climate downscaling: ensembles 

Zeit

Länge

1 min

1 h

1 d

1 Wo

100 m 10 km 1000 km

Cumulus

Gewitterwolken

Wolkencluster

Tief/HochdruckgebieteWinterstürme

Fronten

einzelne Gewitter

Sturmböen, Tornados

globale Wellen
Kälte/Hitzeperioden

tropische 

Zyklonen
Gewitterkomplexe

Ensemble setup:

different global models

different global model realizations

different SRES scenarios

different downscaling methods

different regional models

different resolution, physical process 

paramerizations é

The mogul slope
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KIT approach to climate downscaling: ensembles 

Ensemble structure
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Present Future

much higher information detail, probabilistic, more realistic 

Probability map of a temperature 

increase by more than 1 K

KIT approach to climate downscaling: ensembles 
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KIT approach to climate downscaling: ensembles 

Probability of 

precipitation change 

by more than 5 % 

2011-2040 vs. 1971-

2000

Ensemble agreement


