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Abstract.

1 Introduction

Dynamical downscaling of global climate models (GCMs) with a regional climate model (RCM) is an approach employed to

obtain higher spatial and temporal resolved climate information at the regional to local scale (Rummukainen, 2016; Giorgi,

2019; Gutowski et al., 2016; Jacob et al., 2020). This GCM-RCM model chain data is typically used as the basis for vulner-5

ability studies and long-term adaption planning by different impact modelling groups or national climate assessment reports

(Kjellström et al., 2016; Dalelane et al., 2018; Sørland et al., 2020). GCM simulations are coordinated through international

projects such as the Coupled Model Intercomparison Project phase 5 (CMIP5; Taylor et al. 2012), in which the future sce-

narios describing the emissions, land-use and aerosol changes, were given by different representative concentration pathways

(RCPs) (IPCC, 2013; Taylor et al., 2012; Moss et al., 2010). The dynamical downscaling of CMIP5 simulations by different10

RCMs is initiated for example through the Coordinated Regional-climate Downscaling Experiment (CORDEX; Giorgi et al.

2009). For the regional climate projections, it is desired to capture all the ensembles of opportunities, i.e. the three dimen-
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et al., 2016; see section 5), which probably represents the most important RCM community!wide
development in the last decade. The main goals of CORDEX are to

1. better understand regional to local climate phenomena, along with their variability and changes, through
downscaling,

2. evaluate and improve regional climate downscaling models and techniques,
3. generate large coordinated and consistent ensembles of downscaled projections over regions worldwide

to properly characterize robust changes and corresponding uncertainties, and
4. foster communication and knowledge exchange with users of regional climate information.

This is achieved through the design and implementation of a common simulation and analysis protocol for
domains covering all land regions of the world, which involves the completion of ensembles of experiments
for multiple scenarios, multiple driving GCMs, and multiple RCMs (along with perfect LBC runs to validate
the models, Figure 7). An important component of the CORDEX program is also to devise model evaluation
metrics both common across domains and related to phenomena speci!c for the different regions (Gutowski
et al., 2016). In addition, a data storage and distribution protocol has been implemented, including the use of
a common data format for easy access to the data, taking advantage of the Earth System grid federation
(ESGF) platform developed for global model intercomparison projects.

The !rst phase of the CORDEX activities involved tens of modeling and analysis groups from all continents
and produced ensembles of projections for most CORDEX domains. The scienti!c literature involving

Figure 7. Conceptual framework for the experiments planned under the Coordinated Regional Downscaling EXperiment (CORDEX). RCM = regional climate
model; GCM = global climate model.
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The !rst phase of the CORDEX activities involved tens of modeling and analysis groups from all continents
and produced ensembles of projections for most CORDEX domains. The scienti!c literature involving
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EUR AFR EAS AUS WAS

0.11 0.44 0.22 0.44 0.22 0.44 0.22 0.44 0.22 0.44
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Sum RCP4.5 16 4 1 0 4 0 4 0 2 0 1

Sum RCP2.6 14 4 0 3 0 2 0 3 0 2 0

Sum all RCPs 68 (80 incl ERA-I)
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Figure 1. Spatial Taylor Diagram exploring the model performance of the EUR-11 RCM ensemble, for temperature (upper panel) and

precipitation (lower panel) for the summer (left) and winter (right) season. The reference observation is the mean of the products listed in

Section 3.1, and the downward facing red triangles indicate every single observational product. The colors represent different ERA-Interim

(Dee et al., 2011) driven RCM simulations, where the different RCM model versions shown in the legend are: Aladin53, RCA4, RACMO22E,

HIRHAM5, REMO2015, WRF331F, HadREM3-GA7-05, RegCM4-6 and CCLM is COSMO-crCLIM-v1-1. See Kotlarski et al. (2014) or

Vautard and et al (in prep) for a comprehensive comparison of the different RCMs. More details about the evaluation metrics is described in

section 3.3.
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What can we learn from this set of simulation?
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by the World Climate 
Research Programme 
(WCRP)

Regional climate projections are produced by 
several modelling groups over 14 different 
domains covering nearly all the world lands.

RCMs Δx 50-12km
Which GCMs?
Which RCPs?

Today Earth System Grid 
Federation (ESGF) 
servers contains more 
than 370 GCM-RCM 
model chain simulations, 
and the number of 
simulations has 
increased substantially 
the last years. 

CORDEX
to coordinate the 

downscaling of 
CMIP5

To follow CORDEX-CORE:
Each RCM needs to  be 
run for more than 6000 
model years, producing 

over 400 TB of data. 

To produce CORDEX 
simulations requires a 
lot of computing time 
and storage.

CO
RD

EX
-C

O
RE

Africa (AFR)

South Asia (WAS)

Central America (CAM)

Southeast Asia (SEA)

South America (SAM)

Middle East North Africa (MNA)

East Asia (EAS)

Antarctica  (ART)

Mediterranean (MED)

Arctic (ARC)

Europe (EUR)

North America (NAM)

Australia (AUS)

Central Asia (CAS)

Africa (AFR)

South Asia (WAS)

Central America (CAM)

Southeast Asia (SEA)

South America (SAM)

Middle East North Africa (MNA)

East Asia (EAS)

Antarctica  (ART)

Mediterranean (MED)

Arctic (ARC)

Europe (EUR)

North America (NAM)

Australia (AUS)

Central Asia (CAS)

RCMs Δx 25km
3 GCMs (HadGEM,MPI-ESM, Nor-ESM)
2 RCPs (RCP2.6 and RCP8.5)

2020 CORDEX
phase 2?
CMIP6?

The CLM-Community’s contribution to CORDEX simulationsTable 1. An overview over the GCM that has been downscaled at the respective horizontal resolutions with various model versions, for the

RCP8.5 scenario. The number of simulations for each domain is given at the bottom, where RCP4.5 and RCP2.6 is listed as a reference.

EUR AFR EAS AUS WAS

0.11 0.44 0.22 0.44 0.22 0.44 0.22 0.44 0.22 0.44

MPI-ESM-r1 CCLM4-8-17 X X X (X)

CCLM4-8-17-CLM3-5 X
CCLM5-0-2 X
CCLM5-0-6 X
CCLM-5-0-9 X
CCLM-5-0-15 X X
CcrCLIM-v1-1 X X

MPI-ESM-r2 CcrCLIM-v1-1 X
MPI-ESM-r3 CcrCLIM-v1-1 X
HadGEM2-ES-r1 CCLM4-8-17 X X

CCLM5-0-2 X
CCLM5-0-6 X
CCLM5-0-15 X X

HadGEM2-AO-r1 CCLM-5-0-9 X
CNRM-CM5-r1 CCLM4-8-17 X X

CCLM5-0-2 X
CCLM5-0-6 X

EC-EARTH-r12 CCLM4-8-17 X X
CCLM4-8-17-CLM3-5 X
CCLM5-0-2 X
CCLM5-0-6 X
CcrCLIM-v1-1 X X

CanESM2-r1 CCLM4-8-17 X
NorESM-r1 CCLM5-0-15 X X

CcrCLIM-v1-1 X X
MIROC5-r1 CCLM4-8-17 X

CCLM5-0-6 X

Sum RCP8.5 38 11 6 3 4 2 4 3 2 3 0

Sum RCP4.5 16 4 1 0 4 0 4 0 2 0 1

Sum RCP2.6 14 4 0 3 0 2 0 3 0 2 0

Sum all RCPs 68 (80 incl ERA-I)

3

What can we learn from this set of simulation?
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Table 2. Overview of the different model versions and the associated configurations and horizontal resolution, for the five different domains

investigated; Europe at 0.44 � (EUR-44) and 0.11� (EUR-11), Africa at 0.44 � (AFR-44) and 0.22� (AFR-22), East-Asia at 0.44 � (EAS-44)

and 0.22� (EAS-22), Australasia at 0.44 � (AUS-44) and 0.22� (AUS-22), and South Asia at 0.44 � (WAS-44) and 0.22� (WAS-22). The

institute acronyms are Brandenburg University of Technology, Germany (BTU); Deutscher Wetterdienst, Germany (DWD); ETH Zurich,

Switzerland (ETH); Goethe University Frankfurt, Germany (GUF); Helmholtz-Zentrum Geesthacht, Germany (HZG); Karlsruhe Institute

of Technology, Germany (KIT); POSTECH, South-Korea (POSTEC). For each model configuration, an evaluation run has been performed,

where the boundary conditions are taken from the ERA-Interim reanalysis. The log-files from the respective simulations with a full overview

over the different configurations is published here: https://redc.clm-community.eu/projects/documents-public/files
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Official CORDEX-simulations
Focusing on simulations that are 
published on the ESGF-node 

Evaluation runs (ERA-Interim) (12 
simulations)
The GCM historical simulations
(38 simulations)
Time period: 
Historical: 1981-2010 (from 2006-
2010 RCP85 is used)

Sharing data
The simulations are collected and 
placed on an FTP-server as monthly 
mean. 

Analyzing
Seasonal means of T2M and PR 
(focusing on JJA and DJF)
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Table 2. Overview of the different model versions and the associated configurations and horizontal resolution, for the five different domains

investigated; Europe at 0.44 � (EUR-44) and 0.11� (EUR-11), Africa at 0.44 � (AFR-44) and 0.22� (AFR-22), East-Asia at 0.44 � (EAS-44)

and 0.22� (EAS-22), Australasia at 0.44 � (AUS-44) and 0.22� (AUS-22), and South Asia at 0.44 � (WAS-44) and 0.22� (WAS-22). The

institute acronyms are Brandenburg University of Technology, Germany (BTU); Deutscher Wetterdienst, Germany (DWD); ETH Zurich,

Switzerland (ETH); Goethe University Frankfurt, Germany (GUF); Helmholtz-Zentrum Geesthacht, Germany (HZG); Karlsruhe Institute

of Technology, Germany (KIT); POSTECH, South-Korea (POSTEC). For each model configuration, an evaluation run has been performed,

where the boundary conditions are taken from the ERA-Interim reanalysis. The log-files from the respective simulations with a full overview

over the different configurations is published here: https://redc.clm-community.eu/projects/documents-public/files
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To evaluate the simulations
Global observation datasets

Precipitation

CRU v3.24 (0.5°,monthly)
UDEL v4.01 (0.5°, monthly)
GPCC (0.25°, monthly)
GPCP (2.5°, monthly)
MSWEP v2.2 (0.1° daily -> 
monthly)

Temperature

CRU v3.24 (0.5° monthly)
UDEL v4.01 (0.5° monthly)
GHCN_CAMS (0.5° monthly)
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Figure 2. Temperature (colum 1 and 3) and precipitation (colum 2 and 4) bias of the evaluations runs for JJA for the different domains. The
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Table 2. Overview of the different model versions and the associated configurations and horizontal resolution, for the five different domains

investigated; Europe at 0.44 � (EUR-44) and 0.11� (EUR-11), Africa at 0.44 � (AFR-44) and 0.22� (AFR-22), East-Asia at 0.44 � (EAS-44)

and 0.22� (EAS-22), Australasia at 0.44 � (AUS-44) and 0.22� (AUS-22), and South Asia at 0.44 � (WAS-44) and 0.22� (WAS-22). The

institute acronyms are Brandenburg University of Technology, Germany (BTU); Deutscher Wetterdienst, Germany (DWD); ETH Zurich,

Switzerland (ETH); Goethe University Frankfurt, Germany (GUF); Helmholtz-Zentrum Geesthacht, Germany (HZG); Karlsruhe Institute

of Technology, Germany (KIT); POSTECH, South-Korea (POSTEC). For each model configuration, an evaluation run has been performed,

where the boundary conditions are taken from the ERA-Interim reanalysis. The log-files from the respective simulations with a full overview

over the different configurations is published here: https://redc.clm-community.eu/projects/documents-public/files
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Figure 2. Temperature (colum 1 and 3) and precipitation (colum 2 and 4) bias of the evaluations runs for JJA for the different domains. The

bias is masked white when being smaller than the observational range.
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The model performance is very 
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Table 2. Overview of the different model versions and the associated configurations and horizontal resolution, for the five different domains

investigated; Europe at 0.44 � (EUR-44) and 0.11� (EUR-11), Africa at 0.44 � (AFR-44) and 0.22� (AFR-22), East-Asia at 0.44 � (EAS-44)

and 0.22� (EAS-22), Australasia at 0.44 � (AUS-44) and 0.22� (AUS-22), and South Asia at 0.44 � (WAS-44) and 0.22� (WAS-22). The

institute acronyms are Brandenburg University of Technology, Germany (BTU); Deutscher Wetterdienst, Germany (DWD); ETH Zurich,

Switzerland (ETH); Goethe University Frankfurt, Germany (GUF); Helmholtz-Zentrum Geesthacht, Germany (HZG); Karlsruhe Institute

of Technology, Germany (KIT); POSTECH, South-Korea (POSTEC). For each model configuration, an evaluation run has been performed,

where the boundary conditions are taken from the ERA-Interim reanalysis. The log-files from the respective simulations with a full overview

over the different configurations is published here: https://redc.clm-community.eu/projects/documents-public/files
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Figure 2. Temperature (colum 1 and 3) and precipitation (colum 2 and 4) bias of the evaluations runs for JJA for the different domains. The

bias is masked white when being smaller than the observational range.

15

Figure 2. Temperature (colum 1 and 3) and precipitation (colum 2 and 4) bias of the evaluations runs for JJA for the different domains. The

bias is masked white when being smaller than the observational range.

15

Figure 2. Temperature (colum 1 and 3) and precipitation (colum 2 and 4) bias of the evaluations runs for JJA for the different domains. The

bias is masked white when being smaller than the observational range.

15

AFR-22
CCLM4-8-17

Figure 2. Temperature (colum 1 and 3) and precipitation (colum 2 and 4) bias of the evaluations runs for JJA for the different domains. The

bias is masked white when being smaller than the observational range.
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Table 2. Overview of the different model versions and the associated configurations and horizontal resolution, for the five different domains

investigated; Europe at 0.44 � (EUR-44) and 0.11� (EUR-11), Africa at 0.44 � (AFR-44) and 0.22� (AFR-22), East-Asia at 0.44 � (EAS-44)

and 0.22� (EAS-22), Australasia at 0.44 � (AUS-44) and 0.22� (AUS-22), and South Asia at 0.44 � (WAS-44) and 0.22� (WAS-22). The

institute acronyms are Brandenburg University of Technology, Germany (BTU); Deutscher Wetterdienst, Germany (DWD); ETH Zurich,

Switzerland (ETH); Goethe University Frankfurt, Germany (GUF); Helmholtz-Zentrum Geesthacht, Germany (HZG); Karlsruhe Institute

of Technology, Germany (KIT); POSTECH, South-Korea (POSTEC). For each model configuration, an evaluation run has been performed,

where the boundary conditions are taken from the ERA-Interim reanalysis. The log-files from the respective simulations with a full overview

over the different configurations is published here: https://redc.clm-community.eu/projects/documents-public/files
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When changing the model version, 
model configuration and horizontal 
resolution, the biases are reduced, in 
particular for precipitation and 
summer temperature. 

These results suggest that it is not 
enough to only change the horizontal 
resolution, but it is important to re-
adjust the model configuration to the 
new  resolution employed.
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Figure 2. Temperature (colum 1 and 3) and precipitation (colum 2 and 4) bias of the evaluations runs for JJA for the different domains. The

bias is masked white when being smaller than the observational range.
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Table 2. Overview of the different model versions and the associated configurations and horizontal resolution, for the five different domains

investigated; Europe at 0.44 � (EUR-44) and 0.11� (EUR-11), Africa at 0.44 � (AFR-44) and 0.22� (AFR-22), East-Asia at 0.44 � (EAS-44)

and 0.22� (EAS-22), Australasia at 0.44 � (AUS-44) and 0.22� (AUS-22), and South Asia at 0.44 � (WAS-44) and 0.22� (WAS-22). The

institute acronyms are Brandenburg University of Technology, Germany (BTU); Deutscher Wetterdienst, Germany (DWD); ETH Zurich,

Switzerland (ETH); Goethe University Frankfurt, Germany (GUF); Helmholtz-Zentrum Geesthacht, Germany (HZG); Karlsruhe Institute

of Technology, Germany (KIT); POSTECH, South-Korea (POSTEC). For each model configuration, an evaluation run has been performed,

where the boundary conditions are taken from the ERA-Interim reanalysis. The log-files from the respective simulations with a full overview

over the different configurations is published here: https://redc.clm-community.eu/projects/documents-public/files
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Changing 
resolution reduced 

the dry bias, but 
enhances the wet 

bias
The newer model version seems 

to have a lower bias in some areas 
(e.g. IP, Scandinavia)

By performing a systematic parameter testing and a model 
calibration seems to reduce the biases over the whole domain



Figure 4. Spatial Taylor diagram exploring the model performance for JJA and DJF for precipitation and temperature for each domain

(labeled with colors) by considering the ERA-Interim simulations

and resolution, in particular for DJF, for all domains (Figure 5). For JJA higher resolution simulations are usually closer to475

the observations (e.g. for Europe, Africa and Australasia, see Figure 6). The performance of the ERA-Interim simulations is

typically in the same range as for the GCM driven simulations.

For precipitation (Figure 7 and 8), the performance of the individual simulations is more dependent on the driving data, model

version and resolution. This is seen for both seasons and all domains. The spatial correlation is also lower for precipitation

than for temperature, with values as low as 0.6 for some simulations. The spread between the observations is also larger for480

precipitation.

If we consider the individual domains in more detail, we note that for e.g. Europe, which has the largest model ensemble, dur-

ing winter the coarser simulations tend to overestimate the temperature spatial variability, while the higher resolutions under-

estimate it. During summer almost all model simulations overestimate the spatial variability, and the overestimation is largest

21

Summarizing the model performance with Taylor diagram
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Summarizing the model performance with Taylor diagram

• Europe: 
• Has in general the best performance (as 

expected?)
• The newer model versions have a better 

performance
• The recommended version CCLM5-0-6 at 

EUR-44 outperforms the older and higher 
resolution simulations.
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• The recommended version CCLM5-0-6 at 

EUR-44 outperforms the older and higher 
resolution simulations.

• Africa:
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land model
• East-Asia: EAS-22 is using spectral nudging

• South Asia 
• Only contain one evaluation simulation



Evaluating the GCM driven simulations

In general: 
• The choice of the driving data is 

the main controller of the 
performance of the simulation. 
Model version and resolution is 
only changing this performance 
slightly, but not in the same 
magnitude as when changing the 
driving data.

• There is a tendency that the 
higher resolution simulations are 
performing better. 

Figure 8. Same as Figure 7, but for JJA

Regional climate assessment is building on information from model ensembles such as CORDEX, given that RCM model

simulations are available for the domain of interest. In a multi-model climate projection perspective, it is a challenge to know

how to treat model independence and how to design the model ensemble (Knutti et al., 2010a; Knutti, 2010b). RCM simulations

with the same forcing, but with different configurations or resolution, are great for e.g. added value analysis (Prein et al., 2016),520

but such simulations are making the model ensemble more complex, leading to that some pragmatic decisions have to be made

to construct the multi-model projections (e.g. Sørland et al. 2020). Some regional climate assessment decide remove model

interdependence by only focusing on the highest available simulation (Hanssen-Bauer et al., 2017; Dalelane et al., 2018),

despite that it is demonstrated that the improvements in the model results may be simply related to model formulation and not

necessarily to higher resolution (Wu et al., 2020).525

The simulations presented here show what a comprehensive contribution a community model such as COSMO-CLM can

make to the regional climate model ensemble. Brainstorming (please add comments): Topics to consider for the next phase of

the production of regional climate simulations:

25



• Summary:
• We are currently doing a systematic assessment of the CORDEX simulations performed with 

different versions and resolutions of the COSMO-CLM model over the domains Europe, Africa, 
Australasia, East-Asia and South-Asia.

• In general, the model performance seems to not be improved by only changing the horizontal 
resolution, but model development, model tuning (i.e. testing model parameters, physical 
paramterization and/or performing objective calibration) is also important. 

• By changing the GCM forcing data, has a larger impact on the model performance, than 
changing e.g. the model configuration or resolution. 

• Next step: 
• Comparing the ERA-Interim simulations with the raw ERA-Interim
• Discuss how to finalize the manuscript in the WG CP on Wednesday 10:00-12:00 

• If anyone wants to contribute, or feel they they should be included in this study, 
just send me an email!

Summary and next step


