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MPI-ESM-LR Topography

about 150 Km resolution
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COSMO-CLM Topography

about 12 km resolution
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© Alpine climate scenarios

Change signals by end-of-century
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Remaining scale gap for impact. ar a_ s:s and systematlc model blases
F > Statistical postprocessing required =~ | . -

9 Large number of methods, all with their | pros an ons i
d . il F,_., b b " i i L

Upcomlng Ensemble'§ J"‘%&,—%} c

-:.'. “"ﬂ ’?' z; }Eﬁ

P L "y "-'I:" AP e e UM [ R TR




Leutwyler ef al,, ETH Zurich, https.Fdoi.ong/10.392%ethz-3-01046365¢

- L=t S £l
— 7 A
e

DIURNAL CYCLE OF CONVECTION
12.-25. JULY 2006



2

12 em

S0 e

Simulated snow water equivalent [cm]
COSMO-CLM, year 2000
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Is It Just about resolution?



© Climate Information Distillation

Uncertainty Models and observations provide us with a lot of information, but there are
inherent large uncertainties.

Information

Tailored statistical methods can carve out the relevant information,
embracing the uncertainties.

Distilled information can feed into climate services and other applications
(such as adaptation, mitigation and so on).
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U Storylines »

“We define a storyline as a physically self consistent unfolding of past events, or of plausible future events or pathways. No
a priori probability of the storyline is assessed; emphasis is placed instead on understanding the driving factors involved, and the
plausibility of those factors.” Shepherd et al., Climatic Change, 2018
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U Regional Earth System Models
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U Coupled Climate-Hydrology Modeling

Our concept of a fully coupled terrestrial monitoring system \A
Ne— .

Cross-scale and -compartment, holistic, big-data enabled representation of the geo-ecosystem
~—

Karlsruher Institut for Technologie
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Single model initial-condition large ensembles (SMILES)
to sample natural climate variability

Earth Sysl.lénam.. 12, 401—418, 2021

Hitps2/idoi.org/10.5184/esd-12-401 2021 Earth System
@ Author(s) 2021. This work is distributed under Dynamics
the Greative Gommans Attribution 4.0 License.

Large ensemble climate model simulations:

introduction, overview, and future prospects

for utilising multiple types of large ensemble
Nicola Maher', Sebastian Milinski', and Ralf Ludwig®

Max Planck Institute for Meteorology, Hamburg, Germany
2Department of Geagraphy, Ludw imilians Universitir, Munich, Gemany

= Nicola Maher (nicola maher@ colorado.edu)

Published: 22 April 2021

Abstract. Single nwodel initial-condition large ensembles (SMILEs) are valuable tools that can be used to inves-
tigate the climate system. SMILEs allow scientists to quaniify and separste the intemal variability of the climate
system and its response to external foreing, with different types of SMILES sppropeiate 1o answer different scicn-
tific questions. In this editorial we first provide an introduction to SMILEs and an overview of the studies in the
special issue “Large Ensemble Climate Model Simulations: Exploring Natural Variability, Change Signals and
Impaets”. These studies analyse a range of different types of SMILES including global climate models (GCMs),
regionally downscaled climate models (RCMs), a hydrological model with input from a RCM SMILE, a SMILE
with preseribed sea surface tempeesture (SST) built for cvent ansibution, a SMILE that assimilstes observed
data, and an initialised regional model. These studies provide novel methods, that can be used with SMILEs.
The methods published in this issue include @ smpshot empirical orthogonal function analysis used (o investi-
gate E Nifio-Souther Oseillation ieleconncetions; the pantitioning of futre uncertainty into model differences,
internal variability. and scenario choices; a weighting scheme for multi-model ensembles that can incorpocate
SMILEs: and a method 1o identify the required ensemble size for any given problem. Studies in this special issue
also focus on RCM SMILES, with projections of the North Atlantic Oscillation and its regional impacts assessed
aver Erope. and an RCM SMILE intercomparison. Finally a subset of studies investigate projected impacts of
global warming, with inereased water flows prejected for future hydrometeorological events in souther Ontario;
precipitation peojections over central Eusope are investigated and found 1o be inconsistent scross mxodels in the
Alps, with a contimeation of pas tendencies in Mid-Europe; and equatorial Asia is found to have an increase in
the prebability of large fire and drought events under higher levels of warming. These studies demonstrate the
uility of different types of SMILEs. In the second part of this editorial we provide a perspective on how three
types of SMILES could be combined 1 exploir the advantages of each. To do so we use a GCM SMILE and
an RCM SMILE with all forcings, as well as a naturally forced GCM SMILE (nai-GCM) over the European
domain. We uiilise ane of the key advantages of SMILEs, precisely separating the forced response and internal
vasishility within an individual model w investigate a variety of simple questions. Broadly we show that the
GCM can be used to investigate beoad-scale patterns and can be directly compared to the nat-GCM to attribute
foreed changes to either anthropogenic emissions o volanoes. The RCM provides high-resolution spatial in-
formation of both the forced change and the internal variability around this change at different warming levels.
By combining all three ensembles we can gain information that would not be available using a single type of
SMILE alone, peoviding & perspective on funure rescarch that could be undertaken using these ools.
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U Interpretation of Emission Scenarios

POSSIBLE FUTURES

The Intergovernmental Panel on Climate Change (IPCC) uses scenarios called pathways to explore
possible changes in future energy use, greenhouse-gas emissions and temperature. These depend
on which policies are enacted, where and when. In the upcoming IPCC Sixth Assessment Report,
the new pathways (SSPs) must not be misused as previous pathways (RCPs) were. Business-as-
usual emissions are unlikely to result in the worst-case scenario. More-plausible trajectories make
better baselines for the huge policy push needed to keep global temperature rise below 1.5 °C.
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*The International Energy Agency (IEA) maps out diffarent energy-policy and investmant choices. Estimated emissions are shown for its Gurrent
Policies Scenario and for its Stated Policies Scenaric (includes countries’ current policy pledges and targets). To be comparable with scenarios for
the Shared Socicecenomic Pathways (SSPs), IEA scenarios were modified to include constant non-fossil-fuel emissions from industry in 2018,
+Approximate global mean temperatura rise by 2100 relative to pre-industrial levels.

#35P5-8.5 replaces Representative Concentration Pathway (RCF) 8.5.

Hausfather and Peters, Nature, 2020

D-A-CH Report on interpretation
of the new SSP-RCPs

Die Szenarien: Eine kurze Ubersicht
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fur die Charakterisierung
ausgewahlter Klimaszenarien
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Eine intemabons| koordinierte Entwickhing, dem Pariser Abk folgena, emmaglicht
durch aktiven Kiimaschutz eine Beschrankung der globalen Erwarmung auf
2 Grad Celsius gegendber dem vorindustriellen Zeitraum
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Kimaschutz und wirtzchafliche Entwickiung, welche wie bisher auch auf dem Einsats fossi-
ler Rohstofie beruht. halten sich die Waage. Dadurch entsteht in vuinerablen Regionen ein
steigander Anpassungsbedart.
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Nationale Interessan und regionale Konfikis fuhren zu sinem hohen Rahsoff- und Energie-
bedarf, der gréfitenteils mit einfach veriigbaren, fossilen Energietrdgem wie Kohle gedecki
wird. sicn groge in der Klima-
wangelanpassung. die weitgehend von den Staaten sigenverantwortich geschultert werden
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Landesamt i Umwelt intensiven Lebensstl weltweit einher. Malinahmen zur Vermeidung des Klimawandels wer-
dan auf ein Minimum raduziert. Die sehr hohen Herausforderungan in der Klimawandelan-

passung werden intemational keordiniert angegangen.
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Transboundary Climate Scenarios
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Challenges ahead, but
are (mostly?) known

Bsearcn ongoing
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» Satistying nydrologists
as the gojd stanagardg.

> Co-proauction!
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