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1. Introduction 

The main objective of the C3S_34d contract was producing a quality assured dataset of regional 
climate change projections gathering the simulations produced by the CORDEX 1  community 
worldwide (in addition to the European and Mediterranean data supplied by C3S_34b Lot 1 & 2). The 
dataset resulting from this contract has been published at the CDS together with C3S_34b results 
forming the catalogue “CORDEX regional climate model data on single levels”2. It has become an 
authoritative dataset that is cross-referenced in other initiatives, such as the IPCC Sixth Assessment 
Report  
 
The present document describes the final dataset and provides some user guidance on its use, in 
particular focusing on the consistency of simulations in overlapping areas and on the use of the CDS 
Toolbox to work with this dataset. 

2. Description of the worldwide CORDEX dataset 

The worldwide CORDEX dataset provided by this contract comprises regional climate projections from 
all CORDEX domains (https://cordex.org/domains, see Figure 1) except EURO-CORDEX and Med-
CORDEX, which are supplied to the CDS through C3S_34b contracts (shown in red in Figure 1). 

 

Figure 1. Fourteen official domains of the CORDEX initiative showing the model elevation 
corresponding to the standard 0.44° resolution. 

The information of this contract was gathered both from the standardized ESGF repository and from 
local providers (the contract supported modeling centers for standardizing and publishing their data 

 
1 Gutowski et al., 2016; https://doi.org/10.5194/gmd-9-4087-2016  
2 https://cds.climate.copernicus.eu/cdsapp#!/dataset/projections-cordex-domains-single-levels 
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into ESGF). Therefore, the variables considered were limited to the 15 (+2) most demanded daily 
variables (see Table 1) selected from the list of 26 variables provided by C3S_34b Lot 1 for the 
European and Mediterranean domains (note that these two domains provide sub-daily information 
for some variables).  

 

Number Variable Code Units 
1 Precipitation pr  kg m-2 s-1 

2 Mean surface air temperature tas K 

3 Minimum surface air temperature tasmin K 

4 Maximum surface air temperature tasmax K 

5 Near-surface wind speed  sfcWind m s-1 

6 Near-surface specific humidity  huss  1 

7 Near-surface wind speed (north-ward)  vas  m s-1 

8 Near-surface wind speed (east-ward)  uas m s-1 

9 Near-surface relative humidity  hurs  % 

10 Evaporation evspsbl kg m-2 s-1 

11 Sea level pressure   psl  Pa 

12 Surface Air Pressure ps Pa 

13 Surface radiation (shortwave downwelling)  rsds W m-2 

14 Surface radiation (longwave downwelling)  rlds  W m-2 

15 Total cloud fraction clt  % 

16 Land area fraction (land/sea mask) sftlf % 
17 Surface altitude  orog  M 

Table 1. List of surface climate variables (all at daily resolution) archived for the worldwide CORDEX 
dataset. Italics are used for spatial static variables (with no temporal axis), which provide information 
on the grid used by the models. 

The worldwide CORDEX dataset provides data for the following experiments: 

- Evaluation (1980-2015, only 1990-2015 in some cases): model simulations for the past with 
imposed "perfect" lateral boundary condition using ERA-Interim reanalysis. 

- Historical (1950-2005): model simulations for the past using lateral boundary conditions from 
CMIP5 simulations under the historical scenario. These experiments are used as a reference 
for comparison with scenario runs for the future. 

- Scenario experiments RCP2.6, RCP4.5, RCP8.5 (2006-2100): simulations driven by boundary 
conditions from CMIP5 scenario projections using RCP (Representative Concentration 
Pathways) forcing scenarios. The scenarios used are RCP 2.6, 4.5 and 8.5, as they provide 
different pathways of the future climate forcing. 

The final ensemble for each domain was constructed considering all available simulations from all 
available resolutions (the standard 0.44° grid, and 0.11° and 0.22° grids when available), as listed in 
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the official CORDEX inventory3. The simulations were quality controlled (as described in D34d.1.3.1 
and D34d.1.4.2) and some were discarded due to critical problems with the data (e.g. value ranges 
not consistent with the units, etc.). D34d.1.1.3 describes the final inventory for each domain and 
includes additional information for each simulation, such as the resolution, reasons for exclusion (if 
excluded), license, key references, etc.   

Table 2 provides a summarized description of the number of simulations available domain by domain 
(in rows, see Figure 1 for the domain acronyms), indicating the number of RCMs and GCMs used in 
each domain, and the total number of available simulations for all scenarios (historical, RCP2.6, 
RCP4.5 and RCP8.5). The information is provided separately (in two blocks of columns) for the 
simulations which were available at ESGF (indicated by “ESGF”) and for the simulations gathered from 
local providers (indicated by “local”). More detailed information is available at D34d.1.1.3 (Table 3 
thereof) which includes the individual details for the different resolutions and scenarios. 
 

 ESGF Scenarios (RCPs) local Scenarios (RCPs) 
Domain RCM

s 
GCMs h 26 45 85 RCM

s 
GCM
s 

h 26 45 85 
SAM 

 
7 10 23 12 15 23 - - - - - - 

CAM 
 

5 11 23 11 3 22 - - - - - - 

NAM 
 

4 7 10 4 7 10 4 6 10 0 1 10 

AFR 
 

10 13 41 22 21 37 1 1 1 0 1 1 

WAS 

 

6 12 26 14 17 26 - - - - - - 

EAS 

 

4 6 11 6 5 11 - - - - - - 

CAS 
 

3 5 6 4 3 6 - - - - - - 

AUS 
 

7 8 19 9 8 17 1 5 5 - 5 5 

ANT 
 

2 2 4 2 3 3 2 6 7 0 5 7 

ARC 
 

4 4 8 1 5 9 2 2 3 - 1 3 

MNA 
 

2 5 5 1 5 5 1 1 1 0 1 1 

SEA 
 

4 8 13 6 7 13 - - - - - - 

Table 2. Number of simulations available from ESGF and from local providers in the different CORDEX 
domains jointly for all resolutions. Historical and RCP 2.6, 4.5 and 8.5 scenarios are indicated by “h”, 
“26”, “45” and “85”, respectively.  

The resulting information has been published under the C3S CDS catalogue “CORDEX regional climate 
model data on single levels”4 which includes a full description of the dataset, with the particular GCM-
RCM combinations forming the ensembles for the different domains, as shown in Figure 2 for the 
case of the North America domain.  

 

 
3 https://cordex.org/data-access/regional-climate-change-simulations-for-cordex-domains  
4 https://confluence.ecmwf.int/display/CKB/CORDEX%3A+Regional+climate+projections  
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Figure 2. Schematic representation of the GCM/RCM combinations available for the illustrative North 
America domain, as included in the documentation of the C3S CDS catalogue “CORDEX regional 
climate model data on single levels”. Different colors indicate different scenarios. 

The CORDEX dataset is distributed under the unrestricted version of the CORDEX terms of use5, with 
the exception of the simulations from the following RCMs: BOUN-RecCM4-3 model (for Central Asia 
and Middle East and North Africa) and RU-CORE-RegCM4-3 (for the South-East Asia domain), which 
are restricted to non-commercial use, according to the CORDEX terms of use.  

2.1. The sub-ensemble CORDEX-CORE 

CORDEX-CORE is an initiative under the umbrella of CORDEX designed to produce homogeneous 
regional projections for most of the inhabited land regions using nine of the CORDEX domains at 0.22° 
resolution (see Figure 1): North America (NAM), Central America (CAM), South America (SAM), 
Europe (EUR), Africa (AFR), South Asia (WAS), East Asia (EAS), Southeast Asia (SEA), and Australasia 
(AUS). Due to the computational requirements, three GCMs were selected to provide boundary 
conditions, covering the spread of high, medium, and low (HADGEM2ES, MPI-ESM, and NorESM, 
respectively) climate sensitivity from the CMIP5 ensemble at a global scale (using MIROC5, EC-Earth, 
GFDL-ES2M, respectively, as an alternative in case of regional problems with the former ones). 
CORDEX CORE focuses on two scenarios of low and high emission, RCP2.6 and RCP8.5, respectively. 
Two RCMs have contributed so far to this initiative (REMO and RegCM4) and a third one (COSMO-
CLM) provides simulations over some of the domains.  

This sub-ensemble of the worldwide CORDEX dataset constitutes a minimum homogeneous 
ensemble (six members) for climate change impact and adaptation studies, particularly those which 
require some data reduction approach due to computational constraints (e.g. running time-
consuming impact models). CORDEX CORE simulations are distributed as part of the information 
available for the different CORDEX domains as listed in Table 2. 

 
5 http://is-enes-data.github.io/cordex_terms_of_use.pdf 
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3. Description of the participant RCMs (model metadata) 

The availability of comprehensive model documentation (metadata) is key to allow for an informed 
use of the data, considering key factors which may explain different model results (different 
parametrizations, use of dynamic aerosols, complexity of the land model, use of special components 
– lakes, cities, etc.). This is a time-consuming task and the CMIP community has developed 
technologies and tools to facilitate this, such as es-doc (https://es-doc.org). As a result, 
documentation of the contributing GCMs is available for the different CMIP versions (e.g. structured 
metadata is readily available for the CMIP5 global models used as boundary conditions for the 
CORDEX simulations6). Unfortunately, this is not the general case for the CORDEX initiative, which 
provides centralized and harmonized information on model documentation only for some models 
contributing to EURO-CORDEX7.  

The activities of the C3S_34d contract have required close contact and exchange with the modeling 
centers contributing simulations for the different domains. This exchange of information has made it 
possible to update the existing inventories of simulations (see the previous section) and also to gather 
some common information on the different RCMs contributing to CORDEX regarding the atmosphere, 
aerosols, land, and ocean components (including key references and parameterizations used). This 
information constitutes the most comprehensive metadata available for the CORDEX ensemble and 
is a valuable resource for user guidance.  

Table A1 in the appendix summarizes the information collected for the Regional Climate Models 
(RCMs) participating in the CORDEX experiment, with indication of the CORDEX domains they have 
contributed to, the institution producing the simulations, and details on the atmospheric, aerosols, 
land and ocean model components (including the precise parameterizations used, when available). 

4. Assessment of regional overlaps 

The multiple domains used in the worldwide CORDEX dataset overlap in different regions (e.g. the 
Mediterranean or Central Asia, see Figure 1) where users are confronted with multiple datasets (e.g. 
Euro- and Med-CORDEX for the Mediterranean) which could produce different messages. Here we 
present a first comprehensive worldwide analysis of the potential inconsistencies and conflicts arising 
in areas with overlapping domains, following the work by Legasa and co-authors8 that focused on the 
Mediterranean area. In order to avoid local gridbox variability and to summarize the results, we will 
use the new subcontinental climatic regions used in the IPCC Sixth Assessment Report (see Figure 3). 

 
6 https://search.es-doc.org/?project=cmip5&documentType=cim.1.software.ModelComponent 
7 https://search.es-doc.org/?project=cordexp 
8 https://doi.org/10.1029/2019GL086799 
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Figure 3. Updated IPCC reference regions showing 46 land (grey shading) and 15 ocean (blue shading) regions.  
IPCC AR6 WGI reference regions: North America: NWN (North-Western North America), NEN (North-Eastern 
North America), WNA (Western North America), CNA (Central North America), ENA (Eastern North America), 
Central America: NCA (Northern Central America), SCA (Southern Central America), CAR (Caribbean), South 
America: NWS (North-Western South America), NSA (Northern South America), NES (North-Eastern South 
America), SAM (South American Monsoon), SWS (South-Western South America), SES (South-Eastern South 
America), SSA (Southern South America), Europe: GIC (Greenland/Iceland), NEU (Northern Europe), WCE 
(Western and Central Europe), EEU (Eastern Europe), MED (Mediterranean), Africa: MED (Mediterranean), SAH 
(Sahara), WAF (Western Africa), CAF (Central Africa), NEAF (North Eastern Africa), SEAF (South Eastern Africa), 
WSAF (West Southern Africa), ESAF (East Southern Africa), MDG (Madagascar), Asia: RAR (Russian Arctic), 
WSB (West Siberia), ESB (East Siberia), RFE (Russian Far East), WCA (West Central Asia), ECA (East Central Asia), 
TIB (Tibetan Plateau), EAS (East Asia), ARP (Arabian Peninsula), SAS (South Asia), SEA (South East Asia), 
Australasia: NAU (Northern Australia), CAU (Central Australia), EAU (Eastern Australia), SAU (Southern 
Australia), NZ (New Zealand), Small Islands: CAR (Caribbean), PAC (Pacific Small Islands).  

Two main approaches have been followed in the literature to produce worldwide homogeneous 
information merging the results provided by the different domains: 

1. Mosaic of overlapped domains: The results from different domains are overlaid producing a 
mosaic, with a particular bottom-top order. This is the procedure typically followed in CORDEX-
CORE, using a particular overlapping order: Central America, North America, South America, 
Europe, South East Asia, East Asia, South Asia, Australasia, Africa (the latter plotted on the top 
and hiding the preceding ones). In practice this means establishing a priority order of domains in 
the overlapping areas in terms which ones to be used. For instance, with the order above the 
Africa domain would have the highest priority and only model runs for the Africa domain would 
be used if there is an overlapping information from other domains. 
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2. Grand ensemble9: All available simulations across domains for each gridbox are pulled together. 
This approach maximizes the use of the information but generates a heterogeneous ensemble 
with varying ensemble size across regions. This may create spatial artifacts (e.g. border effects) in 
the results. 

The mosaic approach avoids the potential artifacts which may arise in overlapping regions but may 
result in poor ensembles in regions with multiple information available from different domains. This 
approach allows using each domain for the area it was supposed to simulate best discarding boundary 
results. For instance, simulations from the South Asia domain might not represent properly the 
climatology of central Africa (if models are tuned to perform best in the South Asia region). However, 
most models don’t tune the models for particular domains (with the exception of the Polar ones). 

The preliminary analysis by Legasa and co-authors analyzed the uncertainty related to the choice of 
domain and showed that the variability of the climate change signal from the grand ensemble was 
mostly determined by the models, with little variability coming from the domain. Therefore, there is 
some evidence (in the Mediterranean) that the grand ensemble approach could be appropriate to 
enlarge the available ensembles of individual domains by pulling together the multi-domain 
simulations (avoiding duplicates of GCM-RCM pairs, or weighting them).    

Here we extend this analysis analyzing all overlap regions in the worldwide CORDEX dataset. Figure 4 
shows the number of simulations available from the worldwide CORDEX grand ensemble in each of 
the overlapping regions for the historical (top) and RCP2.6 (bottom) scenarios. This figure shows that 
the grand ensemble could be greatly beneficial in many regions (e.g. South Asia, Northern South 
America) allowing to enlarge the size of the ensemble. 

Following the work by Legasa and coauthors, for a given overlapping reference region (e.g. 
Mediterranean), we intercompare the biases of the GCM-RCM pairs obtained from different domains. 
We follow the same procedure applied in D34d.3.3.1 to compute the model biases. Similar biases are 
an indication of a similar performance of the GCM-RCM pair, whereas different biases indicate 
differing behavior.  Figures 5, 6, and 7 show the results for the relevant reference regions (those with 
larger overlaps) in Central and South America, Europe and Africa, and Asia, respectively. These figures 
show quite remarkable similarities between the model results obtained from different domains, with 
some particular differences. For instance, in general, the RCA model exhibit systematic warmer biases 
in the Central American domain (as compared to the South America one). For the SEAF region (and 
partially in NEAF), most regional models are warmer in the African domain than in the South Asia one. 

These results extend the findings of the previous work by Legasa and coauthors and confirm that the 
grand ensemble approach could be appropriate to generate regional climate change information for 
specific applications, pulling together all available information. 

 

  

 
9 First proposed in https://doi.org/10.1175/JCLI-D-19-0084.1 
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Figure 4. Number of simulations available from the worldwide CORDEX grand ensemble for the 
historical (top) and RCP2.6 (bottom) scenarios. Reference regions are overlaid on the top panel. 
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Figure 5. Biases of GCM-RCM pairs over the same geographical regions in Central and South America 
(right labels; see Figure 3) for precipitation and temperature resulting from different CORDEX 
domains (labels on the left; see Figure 1). GCM names are shown in magenta followed by the driven 
RCMs, which are shown in black. 
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Figure 6. As Figure 5 but for regions in Europe and Africa. 
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Figure 7. As Figure 5 but for regions in Asia. 

5. Using the CDS Toolbox: Some common problems and solutions 

The CDS Toolbox10 links raw data (such as the worldwide CORDEX dataset) to online computing power 
through a programming interface. It allows creating applications in Python and run them on the CDS 
computers, allowing to retrieve the data in, make the required calculations, and display the results. 
It a popular tool used among practitioners for data reduction and post-processing. In this section we 
provide some guidelines on the use of the Toolbox with the worldwide CORDEX dataset, presenting 
the common problems found due to the particularities of the dataset (rotated projections) and 
providing solutions.  It is worth remarking that C3S is working on providing direct tools in the CDS 
catalogue entry to do subsetting, regridding and averaging. Therefore some of the following examples 
could be performed in the future directly from the CDS data access form.   

Unlike other data in the CDS (like ERA5 or CMIP5), the CORDEX regional projections dataset is not 
available in a regular latitude-longitude grid. The data are indeed gridded, but they use different sets 
of coordinates (commonly called “projected” coordinates). The spherical (actually ellipsoidal) earth 
can be projected in a plane in many different ways. CORDEX data use different projections depending 
on the domain, to avoid excessive deformation. Sometimes the projection depends on the model too. 
For example, the ALADIN63 model over Europe uses a Lambert Conformal projection, while the 

 
10 https://cds.climate.copernicus.eu/toolbox/doc/index.html  



Copernicus Climate Change Service 

  
  

C3S_34d1.5.2 – User Guide                      15 of 52 
 

majority use a Rotated Latitude Longitude projection. These coordinate projections are the source of 
most of the problems when using CORDEX data. Here we explain the most common problems found 
and some recommendations to avoid them. As an example, we will use the data resulting for the 
following CDS Toolbox workflow, which access surface temperate data for a particular model 
(RACMO22E driven by EC-EARTH) for the historical year 1950. 

 

import cdstoolbox as ct 
@ct.application(title='Retrieve Data') 
@ct.output.download() 
def application(): 
    """ 
    Application main steps: 
  
    - retrieve a variable from CDS Catalogue 
    - produce a link to download it. 
    """ 
    data = ct.catalogue.retrieve( 
        'projections-cordex-domains-single-levels', 
        { 
            'domain': 'europe', 
            'experiment': 'historical', 
            'horizontal_resolution': '0_11_degree_x_0_11_degree', 
            'temporal_resolution': 'monthly_mean', 
            'variable': '2m_air_temperature', 
            'gcm_model': 'ichec_ec_earth', 
            'rcm_model': 'knmi_racmo22e', 
            'ensemble_member': 'r1i1p1', 
            'start_year': '1950', 
            'end_year': '1950', 
            'format': 'netcdf' 
        }, 
    ) 
    # Average over time to reduce the size of the dataset in order to 
    # speed up the tests 
    data = ct.cube.average(data, dim="time") 
    return data 
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5.1. Spatial subsetting 
 
Selecting the data in a latitude longitude rectangular “box” is not as straightforward as with regular 
grids. This is because the region will not be rectangular in the projected coordinates. In the case of 
the CDS Toolbox, cdstoolbox.cube.box_select tool must be used. 
 

data_box = ct.cube.box_select(data, lon=[-10., 5], lat=[35., 45.]) 

 
Do not use cdstoolbox.cube.sel(data, lon=[-10., 5], lat=[35., 45.]), as it will fail complaining that the 
lon, lat coordinates do not exist. 
 
Without the toolbox, the user will find that lat and lon are 2D matrices in the NetCDF files. This 
expresses that the latitudes and the longitudes of each grid point depend on both the projected 
coordinates. In the case of the example we are following, the grid coordinates are Rotated Latitude 
and Longitude coordinates, called rlat and rlon: 
 

<xarray.DataArray 'tas' (time: 12, rlat: 165, rlon: 155)> 
dask.array<xarray-tas, shape=(12, 165, 155), dtype=float32, 
chunksize=(12, 165, 155), chunktype=numpy.ndarray> 
Coordinates: 
  * rlon     (rlon) float32 -24.855 -24.745 -24.635 ... -8.135 -8.025 -
7.915 
    lon      (rlat, rlon) float64 dask.array<chunksize=(165, 155), 
meta=np.ndarray> 
  * rlat     (rlat) float32 -15.675 -15.565 -15.455 ... 2.145 2.255 
2.365 
    lat      (rlat, rlon) float64 dask.array<chunksize=(165, 155), 
meta=np.ndarray> 
    height   float64 ... 
  * time     (time) datetime64[ns] 1950-01-16T12:00:00 ... 1950-12-
16T12:00:00 

 
Functions such as xarray.Dataset.where must be used to filter the data in a box, passing them a 
boolean mask where the grid points inside the box we want to select are set to True and the rest to 
False. In order to make this mask we need to combine comparisons of the lat and lon arrays with the 
box boundaries. An efficient solution to do this in python is numpy.logical_and function: 
 

mask = numpy.logical_and( 
    numpy.logical_and(-10 < = lon, lon <= 5), 
    numpy.logical_and(35 <= lat, lat <= 45) 
) 
data_box = dataset.where(mask) 
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5.2. Zonal and meridional averaging 
 
In order to average these data over the latitudes or the longitudes, it is necessary to interpolate them 
to a regular latitude longitude grid. Interpolation tools are available in the CDS Toolbox 
(cdstoolbox.geo.regrid and cdstoolbox.geo.make_regular). For example: 
 

data_box_regular = ct.geo.make_regular(data_box, xref="rlon", 
yref="rlat") 
# Then, to compute the zonal average, we would do 
zonal_average = ct.cube.average(data, dim="lon") 

 
If not using the Toolbox, the Climate Data Operators (cdo) or the xesmf python package are the 
recommended tools to carry on the regridding. Note that the interpolation method must be 
carefully chosen depending on the use case. 

5.3. Model intercomparison and/or evaluation 
 
In order to be able to compare the models between themselves or with gridded observations, they 
need to be in a common grid. If their grids differ, we will need to use an interpolation or regridding 
package. The common grid may be a regular latitude-longitude grid, or the one used by one of the 
models. Again, in the CDS toolbox, cdstoolbox.geo.regrid and cdstoolbox.geo.make_regular tools 
must be used. If not using the toolbox, the Climate Data Operators or the xesmf python package are 
the two suggested tools to be used. 

5.4. Polar regions 
 
Gridded data in polar regions can still be interpolated to a regular latitude longitude grid, but this 
will introduce a large deformation, and a singularity in the pole itself. The recommended way to use 
and to visualize these datasets are stereographical projections. 

5.5. Plotting 
 
cdstoolbox.map.plot does not currently work with projected data, so the data will need to be 
regridded to a regular grid before plotting it in the toolbox. Without the toolbox, the projected 
coordinates can be handled by the cartopy python package, although it can be difficult to get it to 
correctly plot some of the projections. The parameters supported by cartopy are described in 
https://scitools.org.uk/cartopy/docs/latest/reference/generated/cartopy.crs.Projection.html. The 
problem is that they are not always the same as the parameters defined in the CORDEX files 
metadata, and mapping between them can be difficult. To overcome this problem, cartopy can 
directly use the 2D lat lon matrices to plot the data in any projection. Also, regridding to a regular 
latitude grid, as usual, will remove most of these problems. 
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5.6. Common python workflow using CDSAPI, Xarray, Numpy, Cartopy, Matplotlib 
 
A sample python script for retrieving data from the CDS (using the CDS API python client), computing 
a climatology (using Xarray and Numpy) and plotting a map (using Cartopy and Matplotlib): 
 

import xarray as xr 
import matplotlib.pyplot as plt 
import cartopy.crs as ccrs 
import cdsapi 
import zipfile 
import numpy 
  
c = cdsapi.Client() 
c.retrieve( 
    'projections-cordex-domains-single-levels', 
    { 
        'domain': 'europe', 
        'experiment': 'historical', 
        'horizontal_resolution': '0_11_degree_x_0_11_degree', 
        'temporal_resolution': 'monthly_mean', 
        'variable': '2m_air_temperature', 
        'gcm_model': 'ichec_ec_earth', 
        'rcm_model': 'knmi_racmo22e', 
        'ensemble_member': 'r1i1p1', 
        'start_year': '1950', 
        'end_year': '1950', 
    }, 
    "download" 
) 
  
# CORDEX data is downloaded as zip file, so extraction is needed 
with zipfile.ZipFile("download", "r") as zip_ref: 
    names = zip_ref.namelist() 
    zip_ref.extract(names[0]) 
  
# Loading data with Xarray and Netcdf 
dataset_name = names[0] 
data = xr.open_dataset(dataset_name) 
 
# Performing spatial subsetting 
mask = numpy.logical_and( 
    numpy.logical_and( 
        -10 <= data.lon, data.lon <= 5 
    ), 
    numpy.logical_and( 
        35 <= data.lat, data.lat <= 45 
    ) 
) 
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data_box = data.where(mask, drop=True) 
  
# Perform temporal average 
data_box_avg = data_box.mean(dim='time') 
  
# Instance of plot with Xarray, Cartopy and Matplotlib: 
plt.figure(figsize=(16, 9)) 
variable = 'tas' 
# Select what to plot 
to_plot = data_box_avg[variable] 
# Select colormap palette 
cmap = 'YlOrRd' 
# Select the projection used and plot coastlines 
ax = plt.axes(projection=ccrs.PlateCarree()) 
ax.coastlines() # temperature variable 
contour = ax.contourf(to_plot.lon.values, to_plot.lat.values, to_plot, 
cmap=cmap) 
# Create a title describing some of the metadata attributes 
attrs = data.attrs 
title = f"tas variable for " \ 
        
f"{attrs['driving_model_id']}_{attrs['driving_model_ensemble_member']}_" 
\ 
        f"{attrs['institute_id']}-
{attrs['model_id']}_{attrs['rcm_version_id']}" 
plt.title(title) 
plt.colorbar(contour) 
# Save the image 
plt.savefig("download.png", bbox_inches='tight') 
plt.clf() 
plt.cla() 
plt.close() 
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The resulting map: 
 

 

Figure 8. Plot of CORDEX data resulting from a python workflow using CDSAPI. 

6. Conclusions 
 
The C3S_34b Lot 1 & 2 (Europe and the Mediterranean) and C3S_34d (other regions) C3S contracts 
have produced a quality assured dataset of regional climate change projections gathering the 
simulations produced by the CORDEX community worldwide. The resulting dataset has been 
published at the CDS in the catalogue “CORDEX regional climate model data on single levels”. This 
has become an authoritative dataset for impact and adaptation studies and has been used in relevant 
international initiatives such as the IPCC AR6 (in particular in the Interactive Atlas11).  
 
This document describes the final dataset and provides some user guidance information. In particular, 
the Annex includes metadata documenting the models (different parametrizations, use of dynamic 
aerosols, complexity of the land model, use of special components – lakes, cities, etc.) that allows for 
an informed use of the dataset. Moreover, a preliminary analysis of the consistency of the dataset 
over overlapping regions is conducted reporting a large consistency of the results (with some small 
systematic differences). Finally, some guidelines on technical aspects are presented, illustrating how 
the CDS Toolbox can be used to work with this dataset, providing rather simple code to perform the 
most common tasks, and also discussing some common problems and solutions. 
 
  

 
11 http://interactive-atlas.ipcc.ch;  https://www.ipcc.ch/assessment-report/ar6/   
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Annex. Metadata from the RCMs forming the dataset 
 

Table A1. Metadata information of the Regional Climate Models (RCMs) participating in the CORDEX experiment, with indication of the domains 
where it is used, the institution producing the simulations, and details on the atmospheric, aerosols, land and ocean model components. Note that 
the information is missing for a few particular models. 

 
 

 

 

Regional 

Climate Model 

(RCM) 

 

 

 

Domains 

 

 

 

Institutions 

[producing 

the runs] 

(city - for 

map) 

 

 

 

Main references 

Atmosphere Aerosols Land Ocean Additional components / 

comments 

1) number of levels 

2) key parameterizations (or 

reference/link describing them; 

e.g. “described in main 

reference”). 

 

1) interactive or 

prescribed 

2) component name 

(when interactive) 

1) number of 

levels 

2) component 

name 

 

1) interactive or 

prescribed 

2) component 

name 

3) details 

Lake, urban, or river 

models, etc.  

Comments on versions of 

the same model family. 

ALADIN52_v1 

 

 

 

 

ALADIN53_v1 

[‘MED-44’ 
'MED-11' 
‘AFR-44’] 
 
 
['EUR-11'] 

['CNRM'] 
Toulouse 

Colin et al. (2010)  
https://www.umr-
cnrm.fr/spip.php?
article125&lang=e
n 
 

1) 31 
2)  
CU: The convection scheme is a 
mass–flux scheme with 
convergence of humidity closure 
developed by Bougeault (1985) 
MP: Ricard and Royer (1993) 
statistical scheme and the large-
scale precipitation is described by 
Smith (1990). 
PBL: Louis (1979)  
LW/SW: FMR based on Morcrette 
(1990) and from IFScy15. GHG 
(H2Ov, O3, CO2, CH4, N2O and 
CFC) 
 
Other:  The orographic gravity 
wave scheme is based on Lott 
(1999). Interpolation of the wind 
speed from the first layer of the 
model (about 30 m) to the 10m 
height follows Geleyn (1988) . 

1) prescribed (Szopa 
(2013) dataset ) for eval 
and GCM forcing for 
scen runs, 5 classes, 2D 
spatial pattern, vertical 
profile, seasonal cycle, 
temporal evolution) 

1) 3 
2) ISBA (Noilhan J 
and Mahfouf J-F 
(1996)) 
 

Prescribed SST (ice 
cover defined by a 
SST threshold) 

LK: no 
UR: no 
 
ALADIN53_v1 is same as 
ALADIN52_v1 except for 
the radiation scheme 
(RRTM for the LW, Mlawer 
et al. (1997)  and FMR-
6bands for the SW, 
Fouquart and Bonnel 
(1980); Morcrette et al.  
(2008) , for the turbulent 
air-sea fluxes (ECUME) and 
for the mixing length based 
on Lenderink’s work. 



Copernicus Climate Change Service 

  
  
C3S_34d1.5.2 – User Guide                      22 of 52 
 

ALADIN63_v1 

 

 

ALADIN63_v2 

['EUR-11'] 
 
 
['EUR-11'] 

['CNRM'] 
Toulouse 

Nabat et al. (2020)  
https://www.umr-
cnrm.fr/spip.php?
article125&lang=e
n 
 

1) 91 
2) 
CU: PCMT; Piriou et al. (2007) and 
Guérémy (2011) 
MP: Lopez (2002) 
PBL: Cuxart et al. (2000) 
SW: Fouquart and Bonnel (1980) , 
Morcrette et al. (2008) 
LW: based on RRTM (Mlawer et al., 
(1997) 
 
Other: Air–sea turbulent fluxes are 
derived from the ECUME 
(Exchange Coefficients from 
Unified Multi-campaigns 
Estimates) iterative approach 
(Belamari and Pirani, 2007). 

1) prescribed (TACTIC 
dataset for eval and 
GCM forcing for scen, 5 
classes, 2D spatial 
pattern, vertical profile, 
seasonal cycle, 
temporal evolution) 

1) 14 
2) SURFEX8-ISBA 
(Decharme et al. 
(2019)). 
No land use land 
cover change is 
taken 
into account 

Prescribed SST (ice 
cover defined by a 
SST threshold) 

LK: Flake (Le Moigne et al. 
(2016)), prognostic lake 
ice. 
UR: Urban areas are 
considered as rock (Daniel 
et al. (2019) 
 
ALADIN63_v1 and 
ALADIN63_v2 are 
identical. v2 label is used 
to indicate that the runs 
driven by the CNRM-CM5 
GCM use the corrected 
version of the CNRM-CM5 
Atmospheric-LBCs contrary 
to ALADIN53_v1 

 
ALARO-0_v1 ['EUR-

11''CAS-22'] 
['RMIB-
UGent'] 
Brussels 

Giot et al. (2016)  
Top et al. (2021)  

1) 46 
2)  
CU/MP/PBL: 3MT scheme (Gerard 
et al. 2009) 

1) prescribed 1) 2 
2) ISBA (Douville 
et al. 2000) 

Prescribed SST  

CanRCM4_r2 ['AFR-44' 
'AFR-22'  
'ARC-44' 
'ARC-22'  
'EUR-44' 
'NAM-44' 
'NAM-22' ] 

['CCCma'] 
Victoria, B. 
C., Canada 

Scinocca et al. 
(2016) 

1) 25 
2) described in main reference 

1) interactive 
2) “described in main 
reference” 

1) 3 
2) CLASS 2.7 

Prescribed SST Full atmospheric physics 
package identical to that 
used by parent global 
model, CanAM4, used by 
CanESM2 for CMIP5.  
Historical + RCP8.5 large 
ensemble (50 members) of 
'NAM-44' available for 
large ensemble (50 
members) of its parent 
model CanESM2. 

CCAM_v1 

 

 

 

 

 

 

['AFR-44i’ 
‘ARC-44i’ 
‘AUS-44i’ 
‘CAM-44i’ 
‘CAS-44i’ 
‘EAS-44i’ 
‘EUR-44i’ 

['CSIRO'] 
Melbourne 

Hoffman et al. 
(2016) 

1) 27 
2) 
 
MP: Rotstayn (1997) and Lin et al. 
(1983) 
PBL: local-Ri closure McGregor et 
al (1993). 

1) interactive 
2) sulfate, black carbon, 
organic aerosol, mineral 
dust and sea salt 
Rotstayn and Lohman 
(2002) 8 and Rotstayn 
et al. (2011)  

1) 6 
2) CABLE 
(Kowalczyk et al. 
(2013)) 

Prescribed SST 
after bias and 
variance correction 
(CCAM_V1) or just 
bias correction 
(CCAM-1704_v1)).  
No atmospheric 

UR: UCLEM (Lipson et al 
(2018)) 
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CCAM-1704_v1 

‘MED-44i’ 
‘MNA-44i’ 
‘NAM-44i’ 
‘SAM-44i’ 
‘SEA-44i’ 
‘WAS-44i’] 
['AUS-44i'] 

LW/SW: SEA-ESF (Freidenreich and 
Ramaswamy 1999, Schwarzkopf 
and Ramaswamy (1999).  
 

nudging. 

CCAM-2008_v1 ['ANT-44i' 
'AUS-44i'] 

['CSIRO'] 
Melbourne 

Thatcher and 
McGregor (2009)  

1) 35 
2)  
MP: (Rotstayn (1983) and Lin et al 
(1983) 
PBL: TKE closure Hurley (2007)) 
LW/SW: SEA-ESF (Freidenreich and 
Ramaswamy (1999), Schwarzkopf 
and Ramaswamy (1999)), 

1) interactive 
2) sulfate, black carbon, 
organic aerosol, mineral 
dust and sea salt 
Rotstayn and Lohman 
(2002) and Rotstayn et 
al (2011) 

1) 6 
2) CABLE 
(Kowalczyk, E et al 
(2013)) 

Prescribed SST 
 

UR: UCLEM (Lipson et al 
2018) 

CCLM4-21-

NEMOMFS_v1 
['MED-44'] ['CMCC'] 

Bologna 
      

CCLM4-8-17-

CLM3-5_v1 
['AUS-44'] ['CLMcom'], 

city: 
Geesthacht 

Virgilio er al. 
(2019)  

1) 35 
2)  
CU: Bechtold et al. (2008) 
MP: Seifert and Beheng (2001), 
reduced to one moment scheme. 
PBL: Prognostic TKE 
(Raschendorfer 2001) 
LW/SW: Ritter and Geleyn (1992). 

1)Prescribed 1) 9 
2) CLM (Dickinson 
et al. 2006) 

Prescribed SST  

CCLM4-8-17_v1 ['AFR-44' 
'EUR-11'] 

['CLMcom'] Panitz et al. 
(2014),  

1) 35 (AFR-44) 
2) 
CU: Tiedtke (1989)  
MP: Seifert and Beheng (2001), 
reduced to one moment scheme 
PBL: Prognostic TKE closure 
(Raschendorfer 2001) 
LW/SW: Ritter and Geleyn (1992) 
 
Other: Subgrid-scale orography 
scheme: Lott and Miller (1997); 
Schulz (2008) 

1)Prescribed 1)  9 
2) soil-vegetation-
atmosphere-
transfer TERRA-
ML (Schrodin and 
Heise, 2002). 

Prescribed SST  

CCLM4-8-18_v1 ['MED-44'] ['GUF']       
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CCLM4-8-19_v1 ['MED-44'] ['CMCC']       

CCLM4-8-19_v2 ['MED-44'] ['CMCC']       

CCLM5-0-15_v1 ['AFR-22' 
'AUS-22'] 

['CLMcom-
HZG' 
'CLMcom-
KIT'] 
cities:Geest
hacht for 
AUS-22, 
Karlsruhe 
for AFR-22 

 1) 57 
2) 
CU: Bechtold et al. (2008)  
MP:Seifert and Beheng (2001), 
reduced to one moment scheme 
PBL: Prognostic TKE closure 
(Raschendorfer 2001) 
LW/SW: Ritter and Geleyn (1992) 
 
Other: Subgrid-scale orography 
scheme: Lott and Miller (1997),  
Schulz (2008). 

1)Prescribed 1)  9 
2) TERRA-ML 
(Schrodin and 
Heise, 2002). 

Prescribed SST LK: FLake (Mironov et al. 
2010) 

CCLM5-0-2_v1 ['EAS-44'] ['CLMcom'] Li  et al. (2018)  
 

1) 45 
2)  
CU: Tiedtke (1989) 
MP:Seifert and Beheng (2001), 
 
LW/SW: Ritter and Geleyn (1992) 
 
Other: Subgrid-scale orography 
scheme: Lott and Miller (1997); 
Schulz (2008) 

1)Prescribed: Aerosol 
optical thickness: 
NASA/GISS (Global 
Aerosol 
Climatology Project) 

1)  9 
Multilayer soil 
model TERRA-ML  
(Schrodin and 
Heise 2002) 

Prescribed SST   
Surface roughness: GLOBE 
(NOAA/NGDC); Global 
Land Cover 2000 Project 
(GLC2000) 
 

CCLM5-0-9-

NEMOMED12-

3-6 

['MED-11'] ['CLMcom-
GUF'] 
Frankfurt/M
ain 

Akhtar et al. 
(2018)  
https://wiki.coast.
hzg.de/clmcom/c
osmo-clm-
98599047.html 
 

1) 40 
2)  
CU:  Tiedtke (1989) 
MP: bulk microphysics 
parameterization including water 
vapour, cloud water, cloud ice, rain 
and snow  
LW/SW: Ritter and Geleyn (1992) 
PBL: Prognostic TKE closure 
Raschendorfer (2001). 
 

1)Prescribed 

(a ) AeroCom Global 
AOD data is used for 
Aerosol representation 
(Kinne S. et al. (2006)) 

1)  9 
TERRA-ML 
(Schrodin and 
Heise, 2002). 

1) Interactive 
2) NEMOMED12 
(1/12o resolution) 
is the interactive 
ocean model 
component 
(Beuvier et al. 
2012). 
3) The CCLM and 
NEMOMED12 
models are 
coupled via 
OASIS3-MCT 
(Valcke 2013) with 

RI: TRIP (Total Runoff 
Integrating Pathways) is 
used as the interactive 
river component for rivers 
over the Mediterranean  
Basin to feed runoff at the 
river mouths to the 
Mediterranean Sea 
(NEMOMED12) 
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a 1-h coupling 
time.  

COSMO-

crCLIM-v1-1_v1 
['EUR-11' 
'WAS-22'] 

['CLMcom-
ETH'] 
Zürich 

Leutwyler et al. 
2017 

1) 40 (EUR-11), 57 (WAS-22) 
2) 
CU: adapted version of the Tiedtke 
(1989)  
MP: single-moment bulk scheme 
with 5 species (cloud water, cloud 
ice, rain, snow and graupel) 
 
PBL: Prognostic TKE closure 
 
Other parameterization schemes 
described in main reference 
Leutwyler et al. (2017) based on 
Baldauf et al. (2011): radiative 
transfer scheme, , multilayer soil 
model, and surface transfer 
scheme 

1) prescribed: 
AeroCom1 aerosol 
monthly climatology 
dataset (Kinne et al., 
2006). 

1) 9 
2) TERRA-ML with 
a soil hydrology 
scheme 
(Schlemmer et al. 
2018) 

Prescribed SST COSMO-crCLIM is similar 
to CCLM. Its main 
characteristics are that it 
runs on GPUs and includes 
the soil hydrology scheme 
of Schlemmer et al (2018). 
Other adjustments include 
changing the upper level 
damping to only relax the 
vertical velocity instead of 
all dynamical fields (Klemp 
et al., 2008) 
 

CRCM5_v1 [' 'CAM-22' 
‘CAM-44’ 
'NAM-22'] 

['OURANOS'
] 
Montreal, 
Canada 

1)Martynov, A., et 
al, (2013).  
2)Šeparović, L., et 
al. (2013).  

1) 56 (TOA 10 hPa) 
2)  
MP: modified Sandvik  (1998); 
Bourgouin  (2000) ; 
CU: Kain andFritsch (1990), shCU: 
Kuo (1965) transient shallow, Non-
cloudy boundary layer 
formulation. 
LW/SW: Li & Barker (2005) 
 
Other: vertical diffusion: Implicit 
vertical diffusion.  

1) prescribed  1) 17 (to 15 m) 
2) CLASS3.5c 
(Verseghy, 1993) 

Prescribed SST  SST 
& sea ice fraction 

LK: Flake 

CRCM5_v1 [‘AFR-22’ 
'AFR-44'  
‘ARC-
22’'ARC-44' 
‘NAM-11’ 
'NAM-22' 
‘NAM-44’] 

['UQAM'] 
Montreal 

http://people.sca.
uqam.ca/winger/C
ORDEX; 
 
Martyinov, A. et 
al. (2013)  

1) 56 (TOA 10 hPa) 
2)  
CU: Kain and Fritsch (1990);  
MP: bourge3d;  
 
LW/SW: cccmarad 
 

1) prescribed;  
Not varying in time;  
higher values at the 
equator, lower at the 
poles; higher values 
over land than over the 
ocean 

1) 26 (to 60 m) 
2) CLASS3.5+ 

1) prescribed  SST 
& sea ice fraction 

LK: FLake 



Copernicus Climate Change Service 

  
  
C3S_34d1.5.2 – User Guide                      26 of 52 
 

Other: vertical diffusion: clef; 
shallow convection: conres & 
ktrsnt;  

Eta_v1 ['SAM-20'] ['INPE'] 
Sao Paulo Chou SC, et al. 

(2014a)  

Chou SC, et al. 
(2014b)  

1) 38 (TOA 25hPa) 
2)  
CU/shCU:  Betts-Miller( 1986) 
modified by Janjić (1994). 
MP: Zhao et al.(1997). 
PBL: Mellor-Yamada level 2.5;  
LW: Fels and Schwarzkopf (1975) 
SW: Lacis-Hansen (1974) 

1) Prescribed 1) 4 
2) NOAH scheme 
(Ek et al. 2003)  12 
Vegetation types 
and 9 soil types. 

 1) Prescribed SST  
No orography smoothing; 
No internal or lateral 
boundary relaxation 
nudging. 

HIRHAM5_v1 

 

 

 

HIRHAM5_v2 

HIRHAM5_v3 

['ANT-44' 
'ARC-44' 
'EAS-44' 
'EUR-11' 
'NAM-44'] 
['AFR-44' 
'EUR-11'] 
['EUR-11'] 

['DMI'] 
Copenhage
n 

O.B. Christensen 
et al. (2007). 

1) 31 
2) Same as GCM ECHAM5. See 
main reference. 

1. Prescribed 1) 5 
2) ECHAM5 

1) Prescribed SST, 
Sea Ice 

 
The different versions v1, 
v2, v3, are simulation 
versions due to necessary 
re-runs, not different 
model versions. 

HadREM3-GA7-

05_v1 

 

HadREM3-GA7-

05_v2 

['EUR-11'] 
 
 
['EUR-11'] 
 

['MOHC'] 
Exeter 

Tucker et al. 
(2018)  
Dyn (submitted 
2021) 
Walters et al. 
(2019)  

1) 63 
2) Walters et al. (2019) 
 
Other: no lake component, no 
stochastic physics 
 

MACv2-SP dataset 
(Stevens et al, 2017), 
total aerosol 
properties, 9 bands 
EasyAerosol (Voigt et 
al. 2014) RCP 
scenarios 

1) 4 
2) Walters et al. 
(2019) 

Prescribed SST and 
sea ice from 
driving 
GCM/reanalysis 

LK: no 
The “v2” runs are using 
CNRM boundary 
conditions from pressure 
level 3d data. This is 
because CNRM model 
levels 3d data (the v1 
version) do not correspond 
to the CNRM output 
available in the CMIP5 
archive. No differences in 
the RCM, only a different 
source of lbcs. 

LMDZ4NEMOM

ED8_v1 

 

LMDZ4NEMOM

['MED-44'] 
 
 
['MED-44'] 

['LMD'] 
Paris, 
France 
 

L’Heveder et al. 
(2013) 
 
Vadsaria et al. 

1) 19 
2) Li (1999), Hourdin et al. (2006).  
 

1) prescribed 1) 2 
2) ORCHIDEE 

1)interactive 
2)NEMOMED8 
(Beuvier et al. 
(2010)) 

RI: Interactive river 
coupling in v2. No river 
coupling in v1 
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ED8_v2  
['LMD'] 
Paris, 
France 
 

(2020) 
 

32) Interactive 
Mediterranean Sea 
only, , 9-(120km 
with a tilted and 
stretched grid at 
the Gibraltar Strait, 
43 vertical levels 
with a 6-m thick 
first level  levelsL, 
daily coupling 
frequency by the 
OASIS coupler 
(Valcke (2013) 

MAR311_v1 ['ANT-44'] ['ULg' 'Ulg'] 
Liège 
(Belgique) 

Agosta et al. 
(2019). 
Kittel et al. (2021). 

1) 24 
2) Hydrostatic (Gallée and Schayes, 
1994). 
MP: Gallée (1995). 
LW/SW: Morcrette (2002) 

Prescribed, RCP 
scenarios 

1) 7 
2) SISVAT 
(De Ridder and 
Schayes, 1997; De 
Ridder, (1997), 
(Gallée and 
Duynkerke, 
(1997); Gallée et 
al., (2001); 
Lefebre et al., 
(2003)) 

1) Prescribed SST 
and SIC (evolution 
of the snow 
properties 
simulated by 
SISVAT) 

 
SISVAT model: 30 snow/ice 
layers over the ice sheet 
and two sub-pixels (rocs 
and permanent ice-
covered area) 

EBU-POM2c_v1 ['MED-44i'] ['UB'] 
Belgarde 
(Serbia) 

Djurdjevic V. and 
Rajkovic B. (2008). 
Djurdjevic V. and 
Rajkovic B. (2010) 
Krzic A. et al. 
(2011)  

1) 32 
2) Hydrostatic, Eta vertical 
coordinate (Mesinger et al., 1988) 
CU: Bets-Miller-Janjic (Janjic, 1994) 
 
PBL: Mellor-Yamada-Janjic (Janjic, 
2003) 
LW: Chou and Suarez  (1994) 
SW: Chou (1992) 

Prescribed  1) 4 
2) NOAH-LSM (Ek 
et al. 2003) 

POM - Princeton 
ocean model  
(30km, L21, 
coupling frequency 
6 min) 

 

PROTHEUS_v2 ['MED-44'] ['ENEA'] 
C.R. 
Casaccia 
Roma 

Artale V. et al. 
(2010).  
 
Soto-Navarro J. et 
al. (2020).  

1) 18 
2)  
CU:  Grell (1993) with the Fritsch 
and Chappell (1980) closure 
assumption 
MP: Pal et al. (2000) 

1) no active aerosol 
chemical model 
2) n/a 
 

1) 2 
2) BATS1e 
Dickinson et al. 
(1993),. Air–sea 
exchanges by Zeng 
et al. (1998) to 

1) Interactive 
2) MITMED8 (1/8o 

resolution) is the 
interactive ocean 
model component 
(Sannino G. et al. 

RI: Fully interactive (daily 
coupling) using the TRIP 
river routine model 
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LW/SW: CCM3 radiative transfer 
scheme (Kiehl et al.1996) with 
specified GHG concentrations 
PBL: Holtslag et al. (1990) 

improve excessive 
evaporation from 
warm ocean 
surfaces (Pal et 
al.2007) 
in the original 
BATS package. 

(2009)) 

RACMO21P_v1 

 

RACMO21P_v2 

['ANT-44'] ['KNMI'] 
De Bilt 

vanMeijgaard et 
al. (2008) 

1) 40 
2) hydrostatic, with HIRLAM 
dynamical kernel (Undén et al. 
2002)  utilizing a 2-level semi-
lagrangian advection scheme. 
 
Baseline physics is taken from the 
IFS CY23r4 ECMWF package of 
physical parameterizations.  
 
CU: EDMF-scheme; Siebesma et 
al., 2007 
 

1) prescribed (Tegen et 
al., 1997) , four classes 
(land, maritime, dust, 
urban) + stratospheric + 
(optionally) volcanic  

1) 4 
2) baseline LSM 
TESSEL (van den 
Hurk et al.. 2000); 
Land-ice tile 
added for ice-
sheet modelling. 
Multi-layer snow-
ice-refreezing 
scheme (Ettema 
et al., (2010);  
snow albedo 
scheme (Munneke 
et al., 2011); 
snow drift scheme 
(Lenaerts et al., 
2012) 

1) prescribed SST  
and sea-ice 
concentration; 
inferred from from 
re-analysis or GCM 

Model versions:  
Simulations with 
RACMO21P_v2 are straight 
reruns of RACMO21P_v1 
employing the same model 
system and parameter 
settings. 
In ANT-44 simulations, v2 
is only used  with 
MOHC-HadGEM2-ES 
forcing to fix the 
remapping of SST to the 
RACMO grid in the v1-
simulation 

RACMO22E_v1 

 

RACMO22E_v2 

['EUR-11'] ['KNMI'] 
De Bilt 

van Meijgaard, et 
al. , (2012). 
http://climexp.kn
mi.nl/publications
/FinalReport_KvR-
CS06.pdf  
 
 

1) 40 
2) hydrostatic, with HIRLAM 
dynamical kernel (Undén et al. 
2002)  utilizing a 2-level semi-
lagrangian advection scheme. 
 
Baseline physics is taken from the 
IFS CY31r1 ECMWF package of 
physical parameterizations.  
 
CU: EDMF-scheme; Siebesma et 
al., 2007; shCU: Neggers et al. 
2009 
MP: Neggers 2009; 
PBL:  TKE Lenderink and Holtslag, 

1)prescribed 
2)inferred from CAM 
inventory (except 
volcanic); historical and  
rcp pathways (van 
Vuuren et al 2011; 
Lamarque et al. 2010; 
2011); also used in 
evaluation 
Sulfate, particulate 
organic matter black 
carbon, sea salt, desert 
dust stratospheric 
aerosols, volcanic 
aerosol. 

1)  4 
2) HTESSEL 
(Balsamo et al. 
2009) 

1) prescribed SST  
and sea-ice 
concentration; 
inferred from from 
re-analysis orGCM 

Model versions:  
Simulations with 
RACMO22E_v2 are straight 
reruns of RACMO22E_v1 
employing the same model 
system and parameter 
settings. 
Meaning of v2 depends on 
forcing GCM: 
i) MOHC-HadGEM2-ES: 
remapping of GCM-SST to 
RACMO grid erroneous in 
v1, corrected in v2 
ii)  CNRM-CERFACS-CNRM-
CM5: atmospheric forcings 
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2004 
 
Other: MODIS inferred leaf-area 
index. 

Spatial maps and 
vertical profiles per 
species.  
Monthly variations and 
decadal trends. 

derived from pressure 
level fields, because of 
error in CNRM-CM5 model 
level fields  

RACMO22T_v1 

 

RACMO22T_v2 

['AFR-44'] ['KNMI'] 
De Bilt 

van Meijgaard, et 
al. , (2012).  
 
http://climexp.kn
mi.nl/publications
/FinalReport_KvR-
CS06.pdf  
 

1) 40 
2) hydrostatic, with HIRLAM 
dynamical kernel (Undén et al. 
2002)  utilizing a 2-level semi-
lagrangian advection scheme. 
 
Baseline physics is taken from the 
IFS CY31r1 ECMWF package of 
physical parameterizations.  
 
CU: EDMF-scheme; Siebesma et 
al., 2007; shCU: Neggers et al. 
2009 
MP: Neggers 2009 

1) prescribed 
2) as in RACMO22E 

1) 4 
2) HTESSEL 
(Balsano et al. 
2009) 

1) prescribed SST  
and sea-ice 
concentration; 
inferred from from 
re-analysis of GCM 

Model versions:  
Simulations with 
RACMO22T_v2 are straight 
reruns of RACMO22T_v1 
employing the same model 
system and parameter 
settings. 
In AFR-44, v2 is only used  
with MOHC-HadGEM2-ES 
forcing to fix the 
remapping of SST to the 
RACMO grid in the v1-
simulation 

RCA4_v1 

 

 

 

 

 

RCA4_v1a 

RCA4_v2 

RCA4_v3 

 

RCA4-SN_v1 

 

 

['AFR-44' 
'ARC-44' 
'CAM-44' 
'EUR-11' 
'NAM-44' 
'SEA-22'] 
['EUR-11'] 
['WAS-44'] 
['SAM-44'] 
 
['ARC-44'] 

['SMHI'] 
Norrköping 

Strandberg et al. 
(2015).  
 
Samuelsson et al. 
(2015) 

1) 40 
2) 
CU: based on Bechtold- Kain-
Fritsch (BKF) scheme (Bechtold et 
al. 2001) with revised calculation 
of CAPE profile according to Jiao 
and Jones (2008) 
MP: Rasch and Kristjansson (1998) 
PBL: TKE scheme (Lenderink & 
Holtslag 2004) 
LW/SW: Savijärvi (1990) and Sass 
et al. (1994) with the consideration 
of CO2 absorption and an 
improved treatment of the water 
vapour continuum (Räisänen et al. 
2000) 

1) “prescribed”: single 
integrated class, 
parameterized aerosol 
effect on radiation 
fluxes,spatially uniform, 
static. 

1) 3 
2) a tile-based 
scheme with 
physiography 
based on 
ECOCLIMAP 
(Samuelsson et al. 
2015) 
 

1) Prescribed SST 
and sea(ice  from 
driving 
GCMs/reanalysis 
2) - 
3) daily 

LK: Flake (pronostic lake 
ice). Mironov et al. (2010) 
 
Model versions: i) RCA4-
v1a is simply a re-run 
because a restart file to 
start the scenario 
experiment was taken 
from another simulations, 
ii) RCA4-v2 and RCA4-v3 
are  slightly tuned versions 
of RCA4-v1 (some 
parameters) but 
parameterizations are the 
same. 
RCA-SN indicates spectral 
nudging. 

RCSM4_v1 ['MED-44'] ['CNRM'] 
Toulouse 

Sevault et al. 
(2014) 
http://www.umr-

1) 31 
2) same as ALADIN52_v1 

 

1) prescribed (Szopa et 
al. 2013 dataset  
for evaluation and GCM 

1) 3 
2) ISBA (Noilhan J, 
Mahfouf J-F 

1)interactive 
2)NEMOMED8 
(Beuvier et al. 

1) interactive rivers 
connecting the 
atmosphere to the ocean 
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cnrm.fr/spip.php?
article1098 

forcing for scen runs, 5 
classes, 2D spatial 
pattern, vertical profile, 
seasonal cycle, 
temporal evolution) 

(1996)) 
 

(2010)) 
3) Mediterranean 
Sea only, , 9-
12kmwith a tilted 
and stretched grid 
at the Gibraltar 
Strait, 43 vertical 
levels with a 6-m 
thick first level , 
daily coupling 
frequency by the 
OASIS coupler 
(Valcke (2013))  

2) TRIP (Oki and Sud 1998, 
Decharme et al., 2010) 
3) 50km spatial resolution 

REMO2009_v1 

 

 

 

REMO2015_v1 

 

 

REMO2015_v2 

['AFR-44' 
'EUR-11' 
'SAM-44' 
'WAS-44'] 
['AFR-22' 
'AUS-22' 
'CAM-22' 
'CAS-22' 
'EAS-22' 
'EUR-11' 
'NAM-22' 
'SAM-22' 
'SEA-22' 
'WAS-22'] 
['EUR-11'] 

['GERICS' 
'MPI-CSC'] 
Hamburg 

Jacob and Podzun 
(1997) 
 
 
Jacob (2001) 
 
 

1) 27 
2) hydrostatic model built on 
Europa model dynamics and 
ECHAM physics.  
CU: Mass flux (Tiedtke, 1989) with 
modifications after Nordeng (1994) 
LW/SW:  Morcrette et al. (1986) 
with modifications for additional 
greenhouse gases, 14.6 µm band 
of ozone and various types of 
aerosols. Continuum absorption 
after Giorgetta and Wild (1995). 
 

1) prescribed 
(Tanré et al. 1984) 

1) 5 
2) a tile-based 
scheme including 
annual cycle of 
albedo 
 
(Rechid et al. 
2009) 

1) prescribed SST 
and SIC 

 
REMO2009_v1 and 
REMO2015_v1 and V2 are 
essentially the same, just 
with some technical 
changes 

ROM 

 

 

 

ROM_v1 

['MED-22' 
‘ SA-22’ 
‘SEA-44’ 
‘EUR-17’ 
['MED-22' 
'MED-44'] 

['GERICS' 
'AWI']  

Sein et al., (2015) REMO model (see above) See above See above Interactive. SST , 
SIC and SIT are 
calculated in ocean 
model MPIOM 

1) interactive rivers 
connecting the 
atmosphere to the ocean 
2) Hydrological Discharge 
(HD) model   
3) 50km spatial  

RRCM_v1 ['ARC-44'] ['MGO'] 
St 
Petersburg  

Shkolnik and 
Efimov (2013) 

1) 25  
2) hydrostatic 
CU: Tiedtke (1989) 
LW/SW: Shneerov et al., 2001); 
PBL: Meleshko et al. (2014) 

Prescribed 1) 4 
2) MGO-2 
(Shneerov et al., 
2001) 

Prescribed SST  
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RegCM4-

BATS_v1 

 

 

 

RegESM 

['MED-44'] 
 
 
 
['MED-11'] 

['ITU'] 
Istanbul 
 
 
 
['ITU'] 
Istanbul 

Ruti P. M. et al. 
(2016) 
 
Turuncoglu, U. U. 
(2019) 

1) 18 
2 ) 
CU: Grell 
MP: Explicit moisture (SUBEX; Pal 
et al 2000). 
PBL: Holtslag (1990) 
LW/SW: CCM radiation scheme 
(NCAR CCM3, Kiehl et al. 1998). 
 
RegESM 
 1) 23 
 2) 
 CU: Emanuel (1991) 

1) no active aerosol 
chemical model 
2) n/a 

1) 2 
2) BATS1e 

1)prescribed 
2) no comp. 
3) surface layer 
Zeng et al (1998) 
1)ROMS-revision 
809; Haidvogel et 
al., 2008) 

In MED-11, Wave Model 
(WAM) Cycle-4 (4.5.3-MPI) 
coupled with Atmospheric 
model 

RegCM4-3_v1 ['MED-44'] ['ELU' 'ICTP' 
]Budapest 

      

RegCM4-3_v4 ['AFR-44' 
'CAM-44' 
'SAM-44' 
'SEA-22' 
'MED-11' ] 

['ICTP' 'RU-
CORE']  ICTP 
Trieste 
(SEA-22 RU-
CORE 
Bangkok) 

Giorgi et al. (2012) 
 

1) 18 
2 )  
CU: [AFR-44] Emanuel (1991) over 
ocean, Grell over land; [CAM-44, 
SAM-44, SEA-22] Emanuel (1991)  
MP: Explicit moisture (SUBEX; Pal 
et al 2000). 
PBL: Holtslag (1990) 
LW/SW: CCM radiation scheme 
(NCAR CCM3, Kiehlet al, 1998). 
 
Other: LBC using Relaxation, 
exponential technique 

1) no active aerosol 
chemical model 
2) n/a 

1) 2 
2) BATS1e 
[SAM-44: 
1) 10 
2) CLM3.5] 

1) prescribed 
2) no comp. 
3) surface layer 
Zeng et al (1998) 

N/A 

RegCM4-3_v5 ['CAS-44' 
'MNA-44'] 

['BOUN'] 
Istanbul 

Ozturk et al. 
(2017)  
Ozturk et al. 
(2018)  

1) 18 
2)  
CU: Grell with Fritsch & Chappell 
(1980) closure. 
MP: Explicit moisture (SUBEX; Pal 
et al 2000). 
PBL: Holtslag (1990) 
LW/SW: CCM radiation scheme 
(NCAR CCM3, Kiehl et al. 1998). 
 
Other: LBC using Relaxation, 

1) no active aerosol 
chemical model 
2) n/a 
 

1) 1 
2) BATS 1e 
 

1) prescribed 
2) no comp. 
3) surface layer 
Zeng et al (1998) 
 

N/A 
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exponential technique 

RegCM4-3_v7 ['MED-44'] ['EICTP' ]       

RegCM4-4_v0 ['EAS-22'] ['ICTP'] 
Trieste 

Giorgi et al. (2012)  
 

1) 18 
2) 
CU: Emanuel (1991) 
MP: Explicit moisture (SUBEX; Pal 
et al 2000). 
PBL: Holtslag (1990) 
LW/SW: CCM radiation scheme 
(NCAR CCM3, Kiehl et al. 1998). 

1) no active aerosol 
chemical model 
2) n/a 

1) 2 
2) BATS1e 

1) prescribed 
2) no comp. 
3) surface layer 
Zeng et al (1998) 

N/A 

RegCM4-4_v5 ['WAS-44'] ['IITM'] 
Pune 

Giorgi et al. 
(2012), 
Sanjay et al. 
(2017), 
Sanjay et al. 
(2020)  

1) 18 
2) 
CU: Emanuel (1991) 
MP: Explicit moisture (SUBEX; Pal 
et al 2000). 
PBL: UW (Bretherton et al , 2004) 
LW/SW: CCM radiation scheme 
(NCAR CCM3, Kiehl et al., 1996). 

1) no active aerosol 
chemical model 
2) n/a 
 

1) 10 
2) CLM4.5 
 

1) prescribed 
2) no comp. 
3) surface layer 
Zeng et al (1998) 
 

UR: CLM4.5 

RegCM4-6_v1 ['EUR-11'] ['ICTP'] 
Trieste 

Giorgi et al. (2012) 
 

1) 23 
2)  
CU: Tiedtke (1996) 
MP: Explicit moisture (SUBEX; Pal 
et al 2000). 
PBL: UW (Bretherton and McCaa, 
2004) 
LW/SW: CCM radiation scheme 
(NCAR CCM3, Kiehl, 1998). 

1) no active aerosol 
chemical model 
2) n/a 

1) 10 
2) CLM4.5 

1) prescribed 
2) no comp. 
3) surface layer 
Zeng et al (1998) 

UR: CLM4.5 

RegCM4-7_v0 ['AFR-22' 
'AUS-22' 
'CAM-22' 
'SAM-22' 
'SEA-22' 
'WAS-22'] 

['ICTP' 
'ORNL'] 
Trieste,  
Italy and 
Oak ridge, 
TN, USA 

Giorgi et al. (2012)  
 

1) 23 
2)  
CU:[AFR-22, SAM-22] Tiedtke 
(1996) land, Kain and Fritsch 
(1990), Kain (2004) over ocean; 
[AUS-22, SEA-22] Tiedtke (1996); 
[CAM-22] Emanuel (1991) over 
land, Kain and Fritsch (1990), Kain 
(2004) over ocean. [WAS-22] 

1) no active aerosol 
chemical model 
2) n/a 

1) 10 
2) CLM4.5 

1) prescribed 
2) no comp. 
3) surface layer 
Zeng et al (1998) 

UR: CLM4.5 
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Emanuel (1991) over land, Tiedtke 
(1996) over ocean. 
MP: Explicit moisture (SUBEX; Pal 
et al 2000). 
PBL: Holtslag (1990) 
LW/SW: CCM radiation scheme 
(NCAR CCM3, Kiehl et al., 1998). 

RegCM4_v4-4-

rc8 
['NAM-22'] ['ISU' 

'NCAR'] 
Ames, IA, 
USA and 
Boulder, 
CO, USA 

Giorgi et al., 
(2012) Bukovsky 
and Mearns 
(2020), 
Mearns et al. 
(2017) 

1) 18 
2)https://na-cordex.org/rcm-
characteristics.html 
(https://doi.org/10.5065/D6SJ1JCH
) 
CU: Grell with Fritsch-Chappell 
closure over land; Emanuel (1991) 
over water 
MP: SuBEX 
PBL: Holtslag (1990) 
LW/SW: Kiehl 

 1) 3 soil layers 
2) BATS 

1) prescribed 
3) SST prescribed; 
no sea-ice, 
prescribed 
atmospheric skin 
temperature 
instead  

LK: Hostetler et al. 1993 

EBU ['MED-44i'] ['UB'] 
Belgarde 
(Serbia) 

Same as EBU-
POM2c_v1 

1) Same as EBU-POM2c_v1 Same as EBU-
POM2c_v1 

Same as EBU-
POM2c_v1 

Prescribed SST  

WRF3.1.1_v1 [‘MED-11’] ['IPSL']       

WRF341I_v2 [‘EUR-44’, 
'SAM-44'] 

['UCAN'] 
Santander, 
Spain 

Skamarock et al. 
(2008)  

1) 30 
2) Advanced Research WRF (ARW) 
dynamical core (Skamarock et al 
2008.) 
CU: Kain-Fritsch (Kain, 2004)  
MP: WRF single moment 5 class 
(WSM5, Hong et al., 2004)) 
PBL: YSU (Hong et al.,2006) 
LW/SW: CAM/CAM (Collins et al., 
2004) 

1) Prescribed uniform 
background with 
vertical profile. 
Constant in time. 

1) 4 
2) Noah (Chen and 
Dudhia, 2001) 

1) Prescribed SST 
and sea-ice 

WRF v3.4.1. “I” stands for 
the coordinated physics 
configuration used within 
CORDEX. “v2” refers to the 
variable GHG input and 
noleap calendar in 
scenario (CanESM2) 
simulations. Otherwise, 
fully comparable to v1 in 
ERA-Interim (fixed GHG, 
standard cal.) 

WRF351_v1 ['MNA-44'] ['CYI'], 
Nicosia, 
Cyprus 

Zittis et al. (2014),  
Zittis and 
Hadjinicolaou 
(2017)  

1) 30 
2) Advanced Research WRF (ARW) 
dynamics (Skamarock et al 2008) 
CU: Kain-Fritsch (Kain, 2004) 
MP: WSM6 (Hong & Lim, 2006)  
PBL: YSU (Hong et al.,2006) 

1) Prescribed  1) 4 
2) Noah (Chen and 
Dudhia, 2001) 

Prescribed SST   
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LW/SW: CAM (Collins et al., 2004) 

WRF360J_v1 

 

 

 

['AUS-44'] 
 
 

['UNSW'] 
Sydney 

Powers et al. 
(2017), 
 
Evans et al. (2020)  
 

1) 30 
2) Advanced Research WRF (ARW) 
dynamics (Skamarock et al 2008) 
CU: Kain-Fritsch (Kain, 2004) 
MP: WRF double moment 5 class 
(WDM5; Lim and Hong, 2010) 
PBL: Mellor-Yamada-Janjic (Janjic, 
1994) 
LW: RRTM (Mlawer et al., 1997) 
SW: Dudhia (1989) 

1) Prescribed  1) 4 
2) Noah (Chen and 
Dudhia, 2001) 
 

Prescribed SST (ice 
with SST threshold) 

 

WRF360K_v1 ['AUS-44'] ['UNSW'] 
Sydney 

Powers et al. 
(2017); Evans et 
al. (2020) 

1) 30 
2) Advanced Research WRF (ARW) 
dynamics (Skamarock et al 2008) 
CU: Betts-Miller-Janjic (Janjic, 
1994)  
MP: WRF double moment 5 class 
(WDM5; Lim and Hong, 2010) 
PBL: Mellor-Yamada-Janjic (Janjic, 
1994) 
LW: RRTM (Mlawer et al., 1997) 
SW: Dudhia (1989) 

1) Prescribed  1) 4 
2) Noah (Chen and 
Dudhia, 2001) 
 

Prescribed SST (ice 
with SST threshold) 

 

WRF360L_v1 ['AUS-44'] ['UNSW'] 
Sydney 

Powers et al. 
(2017); di Virgilio 
et al. (2019)  

1) 30 
2) Advanced Research WRF (ARW) 
dynamics (Skamarock et al 2008) 
CU: Kain-Fritsch (Kain, 2004)  
MP: WRF double moment 5 class 
(WDM5; Lim and Hong, 2010) 
PBL: YSU (Hong et al., 2006)  
LW/SW: CAM/CAM (Collins et al., 
2004) 

1) Prescribed  1) 4 
2) Noah (Chen and 
Dudhia, 2001) 
 

Prescribed SST (ice 
with SST threshold) 

 

WRF361H_v1 ['EUR-11'] ['UHOH 
']  Stuttgart. 

Skamarock, W. C. 
et al. (2008). 
 

1) 50 
2) Advanced Research WRF 
dynamics (Skamarock et al 2008.) 
CU: Kain-Fritsch-Eta (Kain, 2004) 
MP: Morrison two-moment 
(Morrison et al., 2009)  
PBL: YSU (Hong et al., 2006) 
LW/SW: CAM/CAM (Collins et al., 

1) Prescribed uniform 
background with 
vertical profile. 
Constant in time. 

1) 4 
2) NOAH (Chen 
and Dudhia, 2001)  

Prescribed SST (ice 
with SST threshold) 
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2004). 

WRF381_v1 [‘EUR-
44'MED-44'] 

['CRC'] Dijon https://doi.org/10
.25666/dataosu-
2021-03-05-02 

 
https://doi.org/10
.25666/dataosu-

2021-03-05 
 
 

1) 50 
2) Advanced Research WRF 
dynamics (Skamarock et al 2008.) 
CU: Kain-Fritsch (Kain, 2004)  
MP: Morrison 2-moment 
(Morrison et al., 2009) 
PBL: YSU (Hong et al., 2006) 
LW/SW: RRTMG/RRTMG (Iacono 
et al., 2008) 

1) Prescribed Tegen et 
al. (1997) 

1) 4 
2) Noah_mp (Niu 
et al. 2011) Modis 
land categories 

Prescribed SST (ice 
with SST threshold) 
from global model 

Allow sub-grid cloud 
fraction interaction with 
radiation (Alapaty et al. 
2012) 
The forcing variables have 
been bias-corrected using 
ERA-Interim fields for 
1981-2005, as in Bruyere 
et al. (2014).  

WRF381P_v1 ['EUR-11'] ['IPSL'] Paris Skamarock et al 
(2008) 

1) 31 
2)  
CU: New Arakawa-Schubert with 
deep and shallow convection (Han 
and Pan 2011) 
MP: New Thompson scheme 
(Thompson et al 2008) 
LW/SW: RRTMG/RRTMG (Iacono 
et al 2008) 
PBL: MYNN (Nakanishi & Niino, 
2004) 

Prescribe aerosols 1) 4 Prescribed SST and 
sea ice  (from 
global model 

 

WRF381P_v2 ['EUR-11'] ['IPSL'] Paris Skamarock et al 
(2008) 

same as WRF381P_v1 

 

Same as WRF381P_v1 Same as 
WRF381P_v1 

Same as 
WRF381P_v1 

 

WRF_v3-5-1 ['NAM-22'] ['NCAR' 
'UA'] 
Boulder, 
CO, USA 
and Tucson,  
AZ, USA 

Skamarock et al 
(2008). 
Mearns et al. 
(2017).  
Bukovsky and 
Mearns (2020).   
 

1) 28 
2) https://na-cordex.org/rcm-
characteristics.html 
(https://doi.org/10.5065/D6SJ1JCH
) 
CU: Kain-Fritsch (Kain, 2004) 
MP: WSM3 (Hong & Lim, 2006) 
PBL: MYJ (Janjic, 1994) 
LW: RRTM (Mlawer et al., 1997) 
SW: Goddard (Chou & Suarez, 
1999) 

1) Prescribed 1) 4 soil levels 
2) Noah 

Prescribed SST, 
prescribed sea-ice 
for GFDL and MPI-
driven simulations, 
sea-ice with an SST 
threshold for 
HadGEM-driven 
simulation 

WRF v3.5.1 
Spectral nudging used.  
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