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ABBY-Net — Mission Statement

e 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).

e ABBY-Net undertakes:

e international and interdisciplinary collaborative research projects
e collaborative training of highly qualified personnel
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e regular summer schools held alternatingly in Bavaria and Alberta
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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)
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ABBY-Net — Current Activities

ABBY-E3-Systems - Facilitating Regional Energy Transitions
An E3 (Environment, Engineering, Economy) Approach

<
QO
<
2
]
v
©
S
3
et
2

-]
L
m
m
P
m
X
)
<
)
<
%2]
-
m
<
n
|
m
P
=
X
o
P
<
m
P
—
=
—
m
X
m
>
0O
m

ABBY-Net Lecture Series — 2021 — Ralf Ludwig



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@Imu.de

- -t
‘ uuuuuuuuuuu '

el Ny v ABBY-Net Lecture Series — 2021 — Ralf Ludwig

-]
L
m
m
P
m
X
)
<
)
<
%2]
-
m
<
n
|
m
P
=
X
o
P
<
m
P
—
=
—
m
X
T
>
)]
m

‘LMU



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



http://4.bp.blogspot.com/__APCzEFEiDk/SX-C-lX0KUI/AAAAAAAAAcs/bMLYk-Ra9w4/s1600-h/Bresinig.JPG
http://4.bp.blogspot.com/__APCzEFEiDk/SX-C-lX0KUI/AAAAAAAAAcs/bMLYk-Ra9w4/s1600-h/Bresinig.JPG
http://extremeenergy.org/files/2013/03/tar_sands_ex_-37-1.jpg
http://extremeenergy.org/files/2013/03/tar_sands_ex_-37-1.jpg

How is this connected to climate change?

Global emission trends... towards 1.5°C?

Global warming relative to 1850-1900 (°C)
20 -

Observed monthly global
mean surface temperature

Estimated anthropogenic
warming to date and
likely range

Likely range of modeled responses to stylized pathways

[]Global CO2 emissions reach net zero in 2055 while net
non-COz radiative forcing is reduced after 2030 (greyinb,c&d)
0.5 -

|—> [] Faster COz2 reductions (blue in b & ¢) resultin a higher
probability of limiting warming to 1.5°C

-]
L
m
m
P
m
X
)
<
)
<
%2]
-
m
<
n
|
m
P
=
X
o
P
<
m
P
—
=
—
m
X
T
>
0O
m

[] No reduction of net non-COz radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C
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I I I I I I 1
1960 1980 2000 2020 2040 2060 2080 2100

nnnnnnnnnnnn ‘
LMU 55 | o L
MONCHEN




How is this connected to climate change?

Global emission trends... towards 1.5°C?
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b) Stylized net global COz2 emission pathways ¢} Cumulative net COz emissions d} Non-CO: radiative forcing pathways
Billion tonnes COz per year {GtCOz(yr) Billion tonnes COz (GtCO2) Watts per square metre (W/m?)
B0 - - -
- CO2 emissions 3000 T 3
decline from 2020 . .
I'- to reach net zero in 1 rd ] Non-COz radiative forcing
40 2055 or 2040 f reduced after 2030 or
21000 1 2 not reduced after 2030
30 Cumulative CO:z
20 emissions in pathways
1000 reaching net zero in 14
2055 and 2040 -
104 . b 1 :'-:::"-.. T
D T T T T - 1 0 T T T T T T 1 D T T i T T T T 1
1980 2020 2060 2100 1980 2020 2060 2100 1980 2020 2060 2100
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A systems thinking?

Env'\ronmen,:

Climate
Variability
and
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Skaggs et al. 2012
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Energy systems and environmental impacts

Green?‘gas emissions Areal demand & ecosystem change
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So, how this is connected? See Europe in 2018... =
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Wind & solar n
Wind Maonthly wind and solar in 2018 in France, Garmany, Solar Q
. . . the Netherlands and the UK , ..
Wind generation during the heat- a0 = e ane e = The high pressure led to minimal
wave was low because the high 3 e cloud cover across NW Europe. Q
pressure weather in July and August 10 & w
acted as a wall, stopping the wind from — This meant solar was the only —
blowing in from the Atlantic to north- o generation over-performing during m
western Europe. = the heatwave. Z
E
wn
o a ' g ] g
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n 0 : _ ; S m
a FMAM) ASODND - 11 ; i =
™ - m
= 2-:113 . = <
M wind FR Solar FR . ’,\_ " 5
B wind GE Solar GE '1:’_,‘_' @)
B wind NL Solar NL f o, >
. +20% M Wind UK Solar UK +10% .
July 2018 wind speeds, anomalies to July averages - z
for long-term average I l i m
+10% +CW  Jan—Dec 2018 solar radiation, anomalies to =
averages for the period 2004-2018
0% Solar replaced 2.5 —
wind during = =
0% the heatwave =t —
-75%:
Nuclear ' Demand m
200 -10%: )
Water-cooled plants had to be shut The heatwave led to high ;
down temporarily to protect rivers. demand for air conditioning. Poland O
reached its highest ever demand in summer m
There were 4 complete shut-downs in France Effects on June 4th of 23.2GW.
(Saint-Alban-1 1335MW, Bugey-2 & -3, 910MW, of the 2018
Fessenheim-2 920MW), one in Sweden heatwave The Potsdam Institute predicted that peak
{Ringhals, 900MW), plus numerous plants demand in many European countries will shift from
trimmed their output across Europe. winter to summer, as air conditioning rises,
due to higher penetration and due to
(© AGORA Energiewende 2019) climate change.
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So, how this is connected? See Europe in 2018...

Nuclear

=200
Water-cooled plants had to be shut
down tempaorarily to protect rivers.

There were 4 complete shut-downs in France
(Saint-Alban-1 1335MW, Bugey-2 & -3, 910MW,
Fessenheim-Z2 920MW), one in Sweden
(Ringhals, 200MW), plus numerous plants
trimmed their output across Europe.

Hard coal

From August to November 2018,

12 plants in Germany along the Rhine
alone reported supply shortage
problems, because the Rhine levels was
too low to import coal by barge.

There were also problems with cooling
water: Karlsruhe-7 (Germany, 505 MW)
had to shut down because they were
prohibited to empty their warm cooling
water in the Rhine.

-75h
l Demand

-10%:

The heatwave led to high
demand for air conditioning. Poland
reached its highest ever demand in summer

Effects on June 4th of 23.2GW.
of the 2018
heatwave The Potsdam Institute predicted that peak

demand in many European countries will shift from
winter to summer, as air conditioning rises,

due to higher penetration and due to

climate change

Hydro

Low hydro generation in
northern Europe, due to
below-average rainfall
throughout the year:

-+ Austria: lowest in eight years
-+ Sweden: lowest in six years
= Germany: lowest this century

Jan-Dec 2018 precipitation (mm/day), anomalies to
averages for the period 1981-2010

ECMWF Copemicus Climate Change Service 2018

(© AGORA Energiewende 2019)
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Current research...

Assessing the impacts of
climate change and
climate variability

on hydrological extreme
events
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Ralf Ludwig, Andrea Bohnisch,
Magdalena Mittermeier, Ben Poschlod, Centre d'expertise

- - . . . hydrigue
Fabian von Trentini, Florian Willkofer, Raul Wood Québec ram M Leibniz-Rechenzentrum
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http://www.inrs.ca/
http://www.inrs.ca/

Major flood events in Québec Major flood events in Bavaria
1996/201 1/2017/2019 1999/2002/2005/2013/2016

« 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
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ClimEx — Research objectives

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%)?
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ClimEx — Case studies

"free domain" (340x340) alt(m)
"analysis domain" (280x280)

ABBY-Net Lecture Series — 2021 — Ralf Ludwig



ClimEx — Concept and methods

Method: Novel process chain from
VPP regional climate model ensemble
€ ‘ Impact (LMU, Ouranos) to process-based
1 E Runo;m“mem impact models (LMU, INRS, ETS) and
“Reference T 8| modellin 98 catchments ical evaluati f lts (Lf
geterene Bl soxReM tohydroscale ‘  modelling practical evaluation of results (LfU,
_oset | E dof,':itc':,'ing ' CEHQ), utilizing massive HPC and Big
% ___________ Bias ClimExapproach Data (LRZ)
o adjustment
2| QQ-Mapping inux Cluster ° i
5 | o 50x CRCMS - ;uperﬂué & 50 model members, i.e. 50
| possible climate pathways (1950-
Gem 50x CanESM2 __[7 Linux Cluster 2099
[ supermuc
e - 7500 model years (+ 700 model

Uncertainty about results years of counterfactual world)

HPC & (really) Big Data...
e ~100 MCPU-h, 500 Thyte (*2 Backup)
e Data Science Storage (DSS)

FOV4HILN| LINFJINNOHYIANG — SINJLSAS ADHINT IH]

* 1 year of computation on SuperMUC
e 1.25 GWh of electricity...
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Why 50 S|mulat|ons (members)’?

| - Each climate simulation is an instance of a possible climate -
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
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(mm/day)

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




Climate Change Sighals — prcp & temp over Europe

0.0
(mm/day)

Monthly change of temperature and precipitation (2080-2099 vs. 2000-2019)
(50 member mean) (© Martin Leduc)
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Precipitation
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Looking at Central Europe...

(Strong) Changes in the seasonal precipitation distribution!

a) Winter: DJF

U;_J

..........
.......

b) Frihjahr: MAM

oL

mittleres Anderungssignal des Niederschlags [%]

-64 -—-48 -32 -16

15°E

Anderung [%)]

40

201

—20+

_40_

—60

[e]

JAN FEB MAR APR MAI JUN JUL AUG SEP OKT NOV DEZ

Winters will be much wetter!
Summers will be much dryer!
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Extreme precipitation over Europe — Rx3h

Maximum 3h-precipitation
o (Rx3h)

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

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

c) strong geographical
differences in S/N - Ratio
(2070-2099)
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d) calculation of Time of
Emergence (when S/N >1)

(after Wood & Ludwig, 2020, GRL)

2024 2029 2034 2039 2044 2049 2054 2059 2064 2069 2074 2079 2084
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Weather patterns — Vb cyclones
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2750 2800 2850 2900 2950 3000 3050 3100 3150 3200 3250 ) )
(Mittermeier et al., 2019, GRL)
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Weather patterns — Vb cyclones -
m
2
m
=0
100 o
— a ) <
S I - 2
& T . ) i} Increasing S
i ) “E} 0 relevance for —
o O T o | H ] extreme <
o ; o »n
5 25 ; : l * : : ‘i precipitation I
o 2or I I S
] : '$ 1 1 | gvents (EPE) Mm
0 | | | ! Ilnked to Vb' %
WINTER (DJF) SPRING (MAM) SUMMER (JJA) AUTUNMN (SON) tracks in all =
| 1980 - 2009 2020 - 2049 2070 - 2099 | seasons CZJ
<
§ 1.75 AL
2 a 5
o 15f i -
& 2s) | | § Significant =
s 4t : B i T B 1 seasonal shifts i
So.rs . T | ‘ | - ‘ ‘ T of Vb-related E
| T
g 005 | “ i I - L] summer to
2 0 | | \ | Sprlng
WINTER (DJF) SPRING (MAM) SUMMER (JJA) AUTUMN (SON)
| 1980 - 2009 2020 - 2049 2070 - 2099 | (Mittermeier et al., 2019, GRL)
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Heat
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The example from France in 2003...

2 | _ PARIS/ORLY
. Tmax > 33.5°C
30}
o
25
d
2 200 e AN
a
£ 15/
@
10} . o
Tmin > 19.0°C
5t . seesscsssee
ﬂl L ] L ] L ] '5. . LT T ] L T ] [ ] [ ] .‘."."..'.. .. » L ] .3.
O O o \\] O O Q
o® 1!3 1L 19 \Gﬁl \dlﬁ ° o> 7° A w® ':_':i-’l'ﬁ
p© p© e W S po o
Date
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Heat in Munich... =

L

... applied to Munich in 2099 ... E
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Risk of a 2003 heat wave (as in France) increases for 4 .’ =

Munich to 68% until the end of the 215t century! AND, - ...... O
they can be much longer! ... T -

Juni Juli August
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Runoff and Floods
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THE ENERGY SYSTEMS — ENVIRONMENT INTERFACE
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Changes in Mean Runoff

Difference [2070-2099] - [1981-2010]

Mean runoff MQ
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(Florian Willkofer, in prep.)
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Changes in Runoff Patterns and Regimes

Change in runoff characteristics (Pardé regimes) in Bavarian river basins

FPardé coefficient

Fardé coefficient
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(Poschlod et al., 2020, Water)
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Changes in Runoff Patterns and Regimes

Change in runoff characteristics (Pardé regimes) in Bavarian river basins

49°N

47°N
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(Poschlod et al., 2020, Water)
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Extreme Floods — looking ahead...

50°N

49°N

48°N

47°N

Will high return periods become more frequent and intense?

9°E 11°E 13°E

N
A

50°N

CZECH
REPUBLIC
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FUT (2070-2099) [m3s~1]
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Return Periods
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Intéﬁsity - change in discharge of a reference return period in the future

250 m3/s
100-year

=
=

390 m3/s
10-year

Frequency - change in return period from reference to future
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Extreme Floods — looking ahead...

Will high return periods become more frequent and intense?

Change in intensity of HF o in the future period
(2070-2099)

9°E 11°E 13°E

-z
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Intensity
2070-2099 vs. 1981-2010

CZECH
REPUBLIC

GERMANY
49°N
49°N
FRANCE

Change in HF100 intensity [%]

-]
L
m
rm
P
m
X
)
<
)
<
wn
-
m
<
wn
|
m
P
=
X
o
P
<
m
P
—
=
—
m
X
m
>
0O
m

: @ > 50 0 0--10
- ©40-50 0 -10--20
©30-40 0 -20--30
: , = @ 20 - 30 @ -30--40
}@/Q“ ‘ ©10-20 @ -40--50
i 00-10 @ <-50
o i R | increase decrease
in in
intensity intensity

(Florian Willkofer, Raul Wood)
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Extreme Floods — looking ahead...

Which processes might induce extreme high flow events? - compound events

Illustration of a
compound event

Towsvei
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Catchment:
Rott - Ruhstorf
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Soil water content

Cumulative sum
of precipitation

Extreme Floods — looking ahead...

root zone
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Compound event - discharge Rott-Ruhstorf
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(© Florian Willkofer)
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Extreme Floods — looking ahead...

Extremes HQ August 2060 - Donau

"3 A9Y¥INT IH]
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3 :
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20001 \ Grafenmiihle 520 1954
0 2060-IU?-01 2060-I08—01 2060-59—01

(© Florian Willkofer)
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Energy
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Impacts of climate change on energy demand

Heating and Cooling Degree Days ... Bavaria (end of 21st century)

Difference in 10yr-mean annual HDD for 2060s compared to 1980s

Member: kbe

Difference in 10yr-mean annual CDD for 2060s compared to 1880s

Difference in annual CDD

Member: kbe
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Impacts of climate change on energy demand

Heating and Cooling Degree Days ... Bavaria (end of 21st century)

HDD
4000

3750
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............
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Moving mean over annual sums of heating degree days (HDD)
for the seven Bavarian administrative district capitals

1999 2004 2009 2014 2019 2024 2029 2034 2039 2044 2049
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Impacts of climate change on energy supply

An example of CC implications on hydropower generation in Bavaria

Walchensee-Kraftwerk (124 MW)

Hydropower potential of lake Walchensee - 50 member analysis Relative change in potential
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ClimEx results

ClimEx ...

» uses data from a sensitive climate model under an
extreme climate change scenario and shows:
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* very strong increase in temperature, particularly in
summer - increased risk for heat waves - strong
increase of cooling demand / even stronger decline of
heating demand

LTOT 2299N0

 strong increase in winter precipitation - floods
» strong decrease in summer precipitation - droughts
—> strong impact on biomass

* reduced mean annual flow 7/ strong increase in flood
risk = strong impact on hydropower

6T0T 2209n0D

« Strong implications for multiple domains
(agriculture, forestry, water, energy, health...)

910 elEARg

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

ABBY-Net Lecture Series — 2021 — Ralf Ludwig


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj1q4vpk4TiAhUPZFAKHdwXAEAQjRx6BAgBEAU&url=https://www.cbc.ca/news/canada/montreal/quebec-municipalities-flooding-action-plan-1.4557035&psig=AOvVaw13jrsEOY8DqP9vvsfgNKha&ust=1557137413057980
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj1q4vpk4TiAhUPZFAKHdwXAEAQjRx6BAgBEAU&url=https://www.cbc.ca/news/canada/montreal/quebec-municipalities-flooding-action-plan-1.4557035&psig=AOvVaw13jrsEOY8DqP9vvsfgNKha&ust=1557137413057980

ClimEx — Data policy
Feel free ...

www.climex-project.org/en/data-access
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What is there to conclude?

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

e 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

e 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!
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Thank you!!

EnVironmep,

Climate
Variability
and
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