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KSR - Group for Regional Atmospheric Modelling

Regional Climate Modelling
Hindcasting and Scenarios 
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CCLM_TRIMNP_CICE- a coupled regional 
climate model for climate simulation 

• In general, due to high resolution and interaction, despite of some bias, 
TRIMNP reproduces better T_S over ice-free areas over Baltic Sea and 
North Sea in CPL compared with OISST than T_S from reanalysis data 
NCEP1 in CTR.  
• Without coupling, SST of TRIMNP is almost underestimated in CTR. 
• CICE helps to simulate the skin temperature over sea-ice area in winter!  

Interaction and feedback between atmosphere, ocean and sea-ice is 
reproduced in a 2-way online coupled model. The atmosphere model 
CCLM, the ocean model TRIMNP and the sea-ice model CICE running 
on different domains and resolutions are coupled together via the coupler 
OASIS3 to improve sea surface temperature (SST) over Baltic Sea and 
North Sea regions for coastal climate simulation. 

(d) (e) 

(a) (b) 

• CTR: Standalone run       
• CPL: Coupled run 

• SST: sea surface 
temperature (K) 
• OISST: Optimum 
Interpolation SST of NOAA 
• T_S: skin temperature (K) 

(c) 

(g) (f) 
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274

275

276

277

278

1-Feb 11-Feb 21-Feb 3-Mar 13-Mar 23-Mar 2-Apr 12-Apr 22-Apr
Date

S
S

T 
(K

)

OISST CTR CPL

Sea Ice concentration 

Figure: SST [K] of (a) NOAA, (b) CPL, (c) CTR (top); T_S [K] of (d) CTR and (e) 
CPL (middle); Sea-ice concentration of (f) NOAA and (g) CPL (bottom). Values are 
monthly mean of Feb. 1997. The chart is the daily SST of NOAA, CTR and CPL 
over Baltic Proper in Feb-Apr 1997. 

coastDatII – the atmospheric part of 
European hindcast from 1948 to present 

    

•A 0.22°-resolution atmospheric reanalysis over Europe performed 
with the regional atmospheric model CCLM 4.8 forced by 
NCEP/NCAR reanalysis data for the period 1948–2012. 

•The quality of this downscaled reanalysis is checked through 
various validations against various gridded datasets. 

•The coastDat II reanalysis datasets delivers a long term forcing 
dataset for air quality, wave, surge and tide and higher resolved 
atmospheric simulations.  

Figure: Frequency distribution of daily precipitation sums for 
1951-2009

Figure: Polar Low density distribution. Units: detected Polar Lows per 0.4° grid box 

A climatology of North Pacific Polar 
Lows employing dynamical downscaling  

 

•The 6-hourly 1948-2010 NCEP 1 re-analyses have been 
dynamically downscaled for the region of the North Pacific. With a 
detecting-and-tracking algorithm a climatology of North Pacific Polar 
Lows has been constructed. This derived climatology is consistent 
with the limited observational evidence in terms of frequency and 
spatial distribution. The climatology exhibits strong year-to-year 
variability but weak decadal variability and a small positive trend. A 
Canonical Correlation Analysis describes the conditioning of the 
formation of Polar Lows by characteristic seasonal mean flow 
regimes, which favor, or limit, cold air outbreaks and upper air 
troughs. 

•For the first time a multi-decadal RCM dowscaling has been 
presented with the purpose of deriving a climatology of Polar Lows in 
the sub-polar North Pacific. 

•   The 1948-2010 climatology shows large inter annual variability, but 
little decadal variability of Polar Low occurrences and no significant 
long-term changes in the North Pacific region. 

•    The results of Canonical Correlation Analysis shown there is a 
close relationship between the time mean MSLP patterns and the 
Polar Low density. Anomalous flows from cold surfaces were found to 
support the large-scale synoptic environment of Polar Low formation. 

Interactions between land use and climate 
in Northern Germany 

Focussing on the interaction between atmosphere and land surface - 
the maximum range of anthropogenic climate impacts in terms of 
land use change  scenarios is estimated for Northern Germany. 

Climate simulations with the regional climate model CCLM are 
perfomed for the time period of 2002 and 2003 with four different 
extreme land use change scenarios: Northern Germany completely 
covered by a) sealed urban fabric (urban sealed), b) urban fabric with 
porous soil (urban), c) mixed forest (forest) and d) non-irrigated 
arable land (arable). 

Figure: Temperature changes due to extreme land-use changes 
compared to the control run with the original land-use description.

Regional Climate reconstruction for 
Sibiria
(see special poster)

Long-term variability and trends of 
Medicanes 

 

       
    

    

The aim is to assess the long term variability and trends of 
Medicanes, strong mesoscale cyclones with some resemblance with 
tropical cyclones and polar lows (warm core, cloud-free eye, winds 
up to hurricane speed), that  develop occasionally over the 
Mediterranean Sea. Use the CCLM model to perform a dynamical 
downscaling of the NCEP data for 1960-2010, and of GCM outputs in 
future climate scenarios. 

Figure: The fine structure of the storm is visible in the high resolution simulation, 
showing a windless air column in the storm center, corresponding to the cyclone’s 
eye.

The Climate Limited-area Modelling Community is an open, international network of about 200 sci-
entists from more than 30 institutions applying and further developing the CCLM in order to contri-
bute to our understanding of the regional climate dynamics. It cooperates with the Consortium for 
Small Scale Modelling (COSMO).
The history of the CLM Community started in 2004, when colleagues from PIK, Helmholtz-Zentrum 
Geesthacht and BTU Cottbus presented the first version of the CCLM (which was called Climate 
Local Model, CLM, at that time) and invited all scientists to join the network in order to further de-
velop the CCLM, to cordinate the activities and to use the computational resources efficiently. 

The regional atmopheric climate model CCLM
and its community

CCLM at the Helmholtz-Zentrum Geethacht and within PACES
The regional atmospheric climate model CCLM (or COSMO-CLM, COSMO model in CLimate 
Mode) is applied for hindcasting and climate scenario simulation. For hindcasting of the past sixty 
years NCEP global re-analysis data are downscaled with the CCLM to higher horizontal resolution. 
NCEP re-analysis provides large scale information of the atmospheric state for the CCLM via grid 
nudging at the boundaries of the CCLM area and spectral nudging of the large scale flow  in the 
middele and upper troposphere. For Climate scenario simulations CCLM is mainly driven at the 
boundaries by results from climate scenario calculation by the global climate model ECHAM. 

CCLM and the COSMO model
The development of the Climate Mode of the COSMO model was based on the non-hydrostatic 
Lokalmodell (LM), which is the operational weather forecast model of the German Weather Ser-
vice (DWD) since 1999. The first version of CCLM was build in 2002 under the name CLM 
(Climate Lokal Model) and the development in the following years was parallel to the weather fore-
cast version. In 2007 weather forecast and climate version were reunified and the name of the uni-
fied model was renamed into COSMO model as generic name. Special applications of this model 
get special extension of the generic name in the form COSMO-xxx. The CCLM (COSMO-CLM) is 
one of these. 

Tropical Cyclones for SE Asia and the 
Northwestern Pacific 

Figure: Difference of simulated tropical cyclone tracks compared to 
Best Track Data (from JMA, Japan) for the year 2004 for CCLM 
without nudging (left) and CCLM with spectral nudging (right). The y-
axis shows the individual TC IDs. The size of the circles on the x-axis 
gives the number of track points classified into distance intervals of 
100 km. The different colours depict the individual CCLM ensemble 
members. 

The ability to derive SE Asian typhoon climatologies from re-analyses 
and control simulations through dynamical downscaling with the 
regional climate model CCLM is examined. Estimates of interdecadal 
change (1960-2008) of SE Asian typhoon statistics were derived and 
also possible future scenarios are assessed. 

Long term changes of benzo(a)pyrene 
concentrations in Europe

Figure: Annual mean of benzo(a)pyrene close to ground for the years 
1980, 2000 and 2020. The annual target value in the UK is 0.25 ng/
m  is , in the entire EU it is 1.0 ng/m .

CCLM was used to feed meteorological fields into the chemistry 
transport model CMAQ (Community Multiscale Air Quality). 
Transport, transformation and deposition of the carcinogenic 
polyaromatic hydrocarbon benzo(a)pyrene was simulated for three 
years (1980, 2000, 2020) with different emissions.   
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Figure: Diagram of the CCLM – CMAQ model system

Concentration map


