
1/39

THEEN
ERG

YSYSTEM
S–

EN
VIRO

N
M

EN
TIN

TERFACE

ABBY-Net Lecture Series - 2021 

Climate Change and Energy Systems 
– a sensitive interface

Prof. Dr. Ralf Ludwig

Department of Geography
Faculty of Geosciences
Ludwig-Maximilians-University Munich
Germany
r.ludwig@lmu.de 

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 

http://extremeenergy.org/files/2013/03/tar_sands_ex_-37-1.jpg
http://extremeenergy.org/files/2013/03/tar_sands_ex_-37-1.jpg


2/39

THEEN
ERG

YSYSTEM
S–

EN
VIRO

N
M

EN
TIN

TERFACE

ABBY-Net – Mission Statement

• The mission of ABBY-Net is to bring together researchers from Alberta, 
Canada and Bavaria, Germany who collaborate on interdisciplinary 

research and training for an improved understanding of the complex 
interactions in E³-Systems (Environment, Engineering and Socio-

Economics) to facilitate energy systems transitions (http://abby-net.org).  

• ABBY-Net undertakes:

• international and interdisciplinary collaborative research projects
• collaborative training of highly qualified personnel

• regular summer schools held alternatingly in Bavaria and Alberta 

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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ABBY-Net – Core Topics

Key research topics to facilitate energy transitions include:
• Cleaner energy production, transportation, and storage
• Impact of energy development on ecosystem processes
• Effects of changing environmental conditions on energy systems
• Advanced digital technologies in energy systems (research)
• Societal, economic and governance implications
• Interdisciplinary research designs 

Key approaches include:
• New approaches to data analysis and artificial intelligence, including 

computer vision and machine learning
• New strategies of data acquisition and remote sensing technologies, such as 

(autonomous) drones
• Integrated modelling and evaluation systems designed for E³-Systems 

(Environment, Engineering and Socio-Economics)

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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ABBY-Net – Current Activities
ABBY-E³-Systems - Facilitating Regional Energy Transitions

An E³ (Environment, Engineering, Economy) Approach

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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How is this connected to climate change?

Global emission trends… towards 1.5°C?
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A systems thinking?

Skaggs et al. 2012

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Areal demand & ecosystem change

Habitat fragmentationLand degradation and eutrophication 

Energy systems and environmental impacts
Greenhouse gas emissions

Hydrometeorological extremes
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(© AGORA  Energiewende 2019)

So, how this is connected? See Europe in 2018…
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Assessing the impacts of 
climate change and 
climate variability 
on hydrological extreme 
events

Ralf Ludwig, Andrea Böhnisch, 
Magdalena Mittermeier, Ben Poschlod, 
Fabian von Trentini, Florian Willkofer, Raul Wood

on behalf of many outstanding project partners! 

Current research…

http://www.inrs.ca/
http://www.inrs.ca/
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« Extreme precipitation events over most of the mid-latitude land 
masses and over wet tropical regions will very likely become more 

intense and more frequent. » - IPCC AR5 report

Major flood events in Québec 
1996/2011/2017/2019 

Major flood events in Bavaria
1999/2002/2005/2013/2016

Motivation

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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• Does climate change contribute to higher intensities and 
frequencies of hydro-meteorological extreme events? If yes, how? 

• How can we distinguish between the effects of natural variability 
and a “clear” climate change signal? 

• Which impacts on water and energy resources must be expected 
(for Bavaria) under the assumption of a high-GHG scenario 
(RCP8.5*)?

ClimEx – Research objectives

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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"free domain" (340x340) 
"analysis domain" (280x280)

ClimEx – Case studies

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 



17/39

THEEN
ERG

YSYSTEM
S–

EN
VIRO

N
M

EN
TIN

TERFACE

Method: Novel process chain from 
regional climate model ensemble 
(LMU, Ouranos) to process-based 
impact models (LMU, INRS, ETS) and 
practical evaluation of results (LfU, 
CEHQ), utilizing massive HPC and Big 
Data (LRZ)
• 50 model members, i.e. 50 

possible climate pathways (1950-
2099

 7500 model years (+ 700 model 
years of counterfactual world)

HPC & (really) Big Data…
• ~ 100 MCPU-h, 500 Tbyte (*2 Backup)
• Data Science Storage (DSS)
• 1 year of computation on SuperMUC
• 1.25 GWh of electricity…

ClimEx – Concept and methods

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Why 50 simulations (members)?

- Each climate simulation is an instance of a possible climate –
i.e. “it could be like this as well”; 
 measure for the natural variability of the climate system

- Extreme events are very rare (by nature)…
 50-times data base, i.e. for each 30-years time slice we 

know have 1500 model years for analyses

• provides, for the first time, a statistically robust analysis and 
comparison of impacts of natural climate variability and 
climate change on extreme events 

50 possible future changes for PRC (in %) between 2020-2039 and 2000-2019 over 
Europe from CanESM2-CRCM5 at a 12-km resolution

Natural climate variability
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Monthly change of temperature and precipitation (2080-2099 vs. 2000-2019)
(50 member mean) (© Martin Leduc)

Climate Change Signals – prcp & temp over Europe
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Precipitation

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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(Strong) Changes in the seasonal precipitation distribution!

Winters will be much wetter!
Summers will be much dryer!

Looking at Central Europe…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 



22/39

THEEN
ERG

YSYSTEM
S–

EN
VIRO

N
M

EN
TIN

TERFACE

Maximum 3h-precipitation 
(Rx3h)

a) seasonal distribution over 
Europe (reference period 
1980-2009)

b) climate change signal (%)
(future period 2070-2099) 

c) strong geographical 
differences in S/N – Ratio 
(2070-2099)

d) calculation of Time of 
Emergence (when S/N >1)

(after Wood & Ludwig, 2020, GRL)

Extreme precipitation over Europe – Rx3h

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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(Mittermeier et al., 2019, GRL)

Weather patterns – Vb cyclones

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Increasing
relevance for 
extreme 
precipitation
events (EPE) 
linked to Vb-
tracks in all 
seasons

Significant
seasonal shifts
of Vb-related
EPEs from
summer to
spring

(Mittermeier et al., 2019, GRL)

Weather patterns – Vb cyclones

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Heat

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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The example from France in 2003…

Tmax > 33.5°C

Tmin > 19.0°C

Heat in Munich…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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… applied to Munich in 2099 …

Juni Juli August

Risk of a 2003 heat wave (as in France) increases for 
Munich to 68% until the end of the 21st century! AND, 
they can be much longer!

48 days!

Heat in Munich…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Runoff and Floods

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Difference [2070-2099] – [1981-2010]

Mean runoff MQ declines in (almost) all river catchments!
(excemptions are small, high alpine catchments with glaciers)

(Florian Willkofer, in prep.)

Changes in Mean Runoff

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Difference [2070-2099] – [1981-2010]

Mean runoff MQ 
declines in 
(almost) all river 
catchments!
(excemptions are 
small, high alpine 
catchments with 
glaciers)

(Florian Willkofer, in prep.)

Changes in Mean Runoff

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Change in runoff characteristics (Pardé regimes) in Bavarian river basins

(Poschlod et al., 2020, Water)

Changes in Runoff Patterns and Regimes

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Change in runoff characteristics (Pardé regimes) in Bavarian river basins

(Poschlod et al., 2020, Water)

Changes in Runoff Patterns and Regimes

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Will high return periods become more frequent and intense?

Frequency  change in return period from reference to future

250 m3/s 390 m³/s

Intensity  change in discharge of a reference return period in the future 

100-year 10-year

Extreme Floods – looking ahead…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Will high return periods become more frequent and intense?

2070-2099 vs. 1981-2010

increase
in 

intensity

decrease
in 

intensity

Intensity

(Florian Willkofer, Raul Wood)

Extreme Floods – looking ahead…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Which processes might induce extreme high flow events? – compound events

Catchment:
Rott - Ruhstorf

Illustration of a 
compound event

Extreme Floods – looking ahead…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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(© Florian Willkofer)

Extreme Floods – looking ahead…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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(© Florian Willkofer)

Extreme Floods – looking ahead…

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Energy

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Heating and Cooling Degree Days … Bavaria (end of 21st century)

Impacts of climate change on energy demand

(© Philipp Bauer)

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Heating and Cooling Degree Days … Bavaria (end of 21st century)

Impacts of climate change on energy demand

(© Philipp Bauer)

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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An example of CC implications on hydropower generation in Bavaria

Walchensee-Kraftwerk (124 MW)

Impacts of climate change on energy supply

(© Florian Willkofer)

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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• uses data from a sensitive climate model under an 
extreme climate change scenario and shows:

• very strong increase in temperature, particularly in 
summer  increased risk for heat waves  strong 
increase of cooling demand / even stronger decline of 
heating demand

• strong increase in winter precipitation  floods
• strong decrease in summer precipitation  droughts
 strong impact on biomass

• reduced mean annual flow / strong increase in flood 
risk  strong impact on hydropower

• Strong implications for multiple domains
(agriculture, forestry, water, energy, health…)  

• ClimEx-II (09/2020 – 08/2023):
Droughts, Low flows / Land use change / Weather patterns

Q
uébec 2017

Q
uébec 2019

Bavaria 2016
Bavaria 2013

ClimEx …

ClimEx results

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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uébec 2017
Q

uébec 2019
Bavaria 2016

Bavaria 2013www.climex-project.org/en/data-access

Feel free …

ClimEx – Data policy

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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What is there to conclude?

• Reaching ambitious climate mitigation targets requires a rapid and 
effective transition of energy systems 

• Climate change is very likely to have substantial impact on (renewable) 
energy systems…
… change seasonal energy demand and supply
… increase VULNERABILITY and UNCERTAINTY
… increase COSTS

• Renewable energies must be carefully monitored and managed to 
reduce/avoid environmental impact

• Innovative, interdisciplinary research is needed to better evaluate the 
co-evolution of energy systems and ecosystems to foster sustainable 
development under climate change – a grand opportunity for ABBY-Net!

ABBY-Net Lecture Series – 2021 – Ralf Ludwig 
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Energy Systems and the 
Environment – a sensitive interface

Prof. Dr. Ralf Ludwig

Department of Geography
Faculty of Geosciences
Ludwig-Maximilians-University Munich
Germany
r.ludwig@lmu.de 

Thank you!!
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