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From September 18 to 21, the 13th 
General Assembly of the CLM communi-
ty (https://www.clm-community.eu/) took 
place at Campus South of the Karlsruhe 
Institute of Technology. Nearly 60 inter-
national participants learned over these 
four days about the latest results and 
developments of the COSMO-CLM and 
ICON model systems in 23 plenary lectures 
and 21 posters. The premises in building 
10.81 (“altes Ingenieursgebäude”) also 
offered  the opportunity to engage in 
parallel sessions in in-depth discussions in 
the individual working groups of the CLM 
community.

The present conference proceedings 
hold all the abstracts of the oral and post-
er presentations during the assembly and 
gives a good insight in the broad work and 
applications of the CLM Community.

Herewith, the organizing team would 
like to sincerely thank 
• the participants of the conference,
• the CLM working group leaders,
• the scientific advisory board,
• the catering service,
• the janitors of building 10.81,
• the student assistants, and
• all others involved in organizing the 

assembly.

Local organizing team

Gerd Schädler, Hendrik Feldmann
Institute of Meteorology and Climate Research

Department Troposphere Research
Working Group “Regional Climate and Water Cycle”

Hans Schipper
South German Climate Office at KIT





Inhalt

Atmosphere, Ice and Ocean 1
Activities with COSMO-CLM and NEMO for the North and Baltic seas 
at DWD 2

Jennifer Brauch, Manuel Dröse, Trang Van Pham, Barbara Früh
German Meteorological Service (DWD), Germany

Improvement in the simulation of fine-scale atmospheric moisture 
through Data Assimilation and sub-kilometer grid-refinement during 
a Heavy Precipitation case study. The HyMeX-IOP6 3

Alberto Caldas-Alvarez, Samiro Khodayar
Karlsruhe Institute of Technology (KIT), Germany

High-resolution modelling of the Greenland climate with the 
regional climate model COSMO-CLM 4

Melanie Karremann, Gerd Schädler
Karlsruhe Institute of Technology (KIT), Germany

A long-term hindcast simulation with COSMO-CLM over Antarctica 5
Niels Souverijns1, Alexandra Gossart1, Sam Vanden Broucke1, Irina Gorodetskaya2, 
Matthias Demuzere3, Jan Lenaerts4, Brooke Medley5, Samuel Helsen1, Nicole van 
Lipzig1

1Department of Earth and Environmental Sciences, KU Leuven, Leuven, Belgium; 
2Centre for Environmental and Marine Sciences, Department of Physics, University 
of Aveiro, Aveiro, Portugal; 3Department of Forest and Water Management, 
Ghent University, Belgium; 4Departement of Atmospheric and Oceanic Sciences, 
University of Colorado, Boulder CO, USA; 5Cryospheric Sciences Laboratory, 
NASA Goddard Space Flight Center, Greenbelt, MD, USA

Chemistry, Clouds, Aerosols and Radiation 7
Comparison of MECO(n) simulated NO2 vertical and slant column 
densities with TROPOMI and MAX-DOAS observations over 
Rhineland-Palatinate 8

Vinod Kumar1, Julia Remmers1, Benedikt Steil1, Astrid Kerkweg2, Steffen Beirle1, 
Yang Wang1, Sebastien Donner1, Andrea Pozzer1, Thomas Wagner1, Jos Lelieveld1

1Max Planck Institute for Chemistry, Mainz, Germany; 2Meteorologisches Institut, 
Rheinische Friedrich-Wilhelms-Universität Bonn, Bonn, Germany

Improvement of the planetary boundary layer height based on 
COSMO-CLM simulation data 9

Markus Thürkow1, I. Kirchner1, Prof. Dr. M. Schaap2

1Freie Universität Berlin (FUB); 2Freie Universität Berlin (FUB) / TNO



Climate Projections and RCM Applications 11
Mesoscale resolving high-resolution simulation of wind farms in 
COSMO-CLM 5 12

Naveed Akhtar, Burkhardt Rockel
Institute for Coastal Research, Helmholtz-Zentrum Geesthacht, Geesthacht

Conditional Evaluation of Regional Hindcasts from the MiKlip 
Decadal Climate Prediction System 13

Sascha Brand1, Barbara Früh1, Hendrik Feldmann2, Hans-Jürgen Panitz2

1German Weather Service (DWD); 2Karlsruhe Institute of Technology (KIT)

High-resolution projection of climate change over Israel with 
COSMO-CLM 14

Edoardo Bucchignani1, P. Mercogliano1, A. Hochman2, P. Alpert2, H. Saaroni2
1CMCC Foundation; 2Tel Aviv University

Climate variability and predictability of heavy precipitation events 
potentially causing floods 15

Benjamin Buldmann, Hendrik Feldmann, Gerd Schädler, Joaquim G. Pinto
Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

The IPCC 6th assessment report: brief overview and opportunities 
for the CLM community 16

Alessandro Dosio
European Commission Joint Research Centre

Regional Decadal Climate Predictability and Variability – A Résumé 
of the MiKlip Project 17

Hendrik Feldmann and the MiKlip Module-C Team
Institute for Meteorology and Climate Research (IMK-TRO), Karlsruhe Institute of 
Technology (KIT), Karlsruhe, Germany

Quantitative wind climatology for wind energy applications at 
heights above 100 m 18

Tina Leiding1, Manuela Starke2, Astrid Ziemann2, Andreas Walter1, Philipp Stahn2

1Deutscher Wetterdienst, Offenbach, Germany; 2Technische Universität Dresden, 
Chair of Meteorology, Tharandt, Germany

COSMO-CLM in SOCLIMPACT 19
Anika Obermann-Hellhund, Bodo Ahrens
IAU, Goethe-Universität Frankfurt

The effect of coupled marginal seas on precipitation extremes and 
heat waves in 20th century CCLM simulation 20

Cristina Primo, Fanni Dora Kelemen, Anika Obermann, Bodo Ahrens
Goethe-University Frankfurt

Sensitivity studies for the CORDEX Central Asia domain with the 
COSMO-CLM 5.0 21

Emmanuele Russo, Ingo Kirchner
Institute of Meteorology - Freie Universität Berlin



Floods in small and medium sized catchments in the Eastern 
Alps simulated by RCMs from the hydrostatic to the convection-
permitting scale 22

Heimo Truhetz1, Christian Reszler2, Matthew Blaise Switanek1

1Wegener Center for Climate and Global Change, University of Graz, Graz, 
Austria; 2JR-AquaConSol GmbH, Graz, Austria

Convection resolving climate simulations 23
Comparison of 2.8 and 12 km CCLM simulations for Germany 24

Susanne Brienen, Susanne Brienen, Michael Haller, Barbara Früh
Deutscher Wetterdienst, Offenbach, Germany

On the application of statistical downscaling for a convection-
permitting climate projection ensemble for Germany 25

Michael Haller, S. Krähenmann, S. Brienen, B. Früh
Deutscher Wetterdienst

A multi-model evaluation and climate projection of extreme 
precipitation for Belgium. A micro-ensemble based on three 
convective-permitting models 26

Samual Helsen1, Nicole van Lipzig1, Sam Vanden Broucke1, Hendrik Wouters2, Piet 
Termonia3

1KU Leuven, Belgium; 2Ghent University, Belgium; 3Royal Meteorological Institute 
of Belgium

Clouds in decade-long convection-resolving climate simulations over 
Europe 27

Laureline Hentgen, Nikolina Ban, Nico Kröner, David Leutwyler, Daniel Lüthi, 
Christoph Schär
Institute for Atmospheric and Climate Science, ETH Zürich

Mountain Volume Control on Deep-Convective Rain Amount 28
Adel Imamovic, Linda Schlemmer, Christoph Schär
Institute for Atmospheric and Climate Sciences, ETH Zürich, Switzerland

Towards advances in modelling of heavy precipitation by the 
synergetic use of convection-permitting simulations and state-of-
the-art observations 29

Samiro Khodayar, Alberto Caldas-Alvarez, Sebastian Helgert, Johannes Hoerner
Karlsruhe Institute of Technology (KIT)

Temperature and Precipitation extremes in a very high resolution 
(0.025°) climate projection ensemble for Southern Germany 30

Natalie Laube, Gerd Schädler, Hans-Jürgen Panitz, Joaquim G. Pinto
Karlsruhe Institute of Technology (KIT)



Synoptic-scale conditions and convection-permitting hindcast 
experiments of a cold-season derecho on 3 January 2014 in Western 
Europe 31

Luca Mathias1, Patrick Ludwig2, Joaquim G. Pinto2

1Institute for Geophysics and Meteorology, University of Cologne; 2Institute of 
Meteorology and Climate Research, Karlsruhe Institute of Technology

Bulk and structural convergence at convection-resolving scales in 
simulations of summertime moist convection in the light of model 
uncertainty 32

Davide Panosetti, Linda Schlemmer, Christoph Schär 
Institute for Atmospheric and Climate Sciences, ETH Zürich, Switzerland

Evaluation of convective cell characteristics in COSMO-CLM 33
Christopher Purr1, Erwan Brisson1, Bodo Ahrens1, Thomas Junghänel1,2

1Goethe Universität Frankfurt; 2Deutscher Wetterdienst

Simulations of radiative-convective equilibrium (RCE) using COSMO-CLM 34
Linda Schlemmer1, Pierre Gentine2

1Institute for Atmospheric and Climate Science, ETH Zurich; 2Columbia University

The COSMO-CLM contribution to ELVIC CORDEX-FPS 35
Jonas van de Walle1, Oscar Brousse1, Wim Thiery2,3, Matthias Demuzere4, Nicole 
van Lipzig1

1KU Leuven, Leuven, Belgium; 2ETH Zürich, Zürich, Switzerland; 3Vrije Universiteit 
Brussel, Brussels, Belgium; 4Ghent University, Ghent, Belgium

Dynamics and Numerics 37
COSMO 5 with non-dissipative dynamics and Two-Way Coupling: 
model development and its relevance at 0.11 grid resolution over Europe 38

Andreas Will1, J. Ogaja2 and E. Maisonnave3

1BTU Cottbus-Senftenberg; 2Brown University, USA; 3CERFACS, France

Evaluation 39
Reproducibility of regional climate simulations 40

Beate Geyer, Andrew Ferrone
Helmholtz-Zentrum Geesthacht

What can we learn from MSG? 41
Ronny Petrik, Beate Geyer, Burkhardt Rockel
Helmholtz-Zentrum Geesthacht

Performance evaluation of convection-permitting model CCLM with 
TERRA-URB parametrization to reproduce the heat waves of 2003 in 
Europe 42

Mario Raffa1, E. Bucchignani1,2, P. Mercogliano1,2

1CMCC Foundation, Capua, Italy; 2C.I.R.A., Italian Aerospace Research Center, 
Capua, Italy



ICON (project group) 43
Regional climate modelling with ICON 44

Vera Maurer, Christian Steger, Barbara Früh
Deutscher Wetterdienst

Status of ICON-CLM development 45
Christian Steger, Trang Van Pham, Barbara Früh
Deutscher Wetterdienst

Soil and Vegetation 47
Urban climate modelling using Local Climate Zones and COSMO – 
TERRA_URB over a tropical city. The case of Kampala, Uganda 48

Oscar Brousse1, Hendrik Wouters1,2, Matthias Demuzere2, Wim Thiery3,4, Jonas 
van de Walle1, Nicole van Lipzig1

1KU Leuven, Leuven, Belgium; 2Ghent University, Ghent, Belgium; 3ETH Zürich, 
Zürich, Switzerland; 4Vrije Universiteit Brussel, Brussels, Belgium

The biogeophysical role of European forests: First results from the 
LUCAS FPS multi-model ensemble 49

Edouard Davin and the LUCAS team
ETH Zürich

Impact of soil moisture initialization on the convection-permitting 
COSMO representation of heavy precipitation over the Iberian Peninsula 50

Sebastian Helgert, Samiro Khodayar
Karlsruhe Institute of Technology (KIT), Germany

High Resolution Urban Climate Modelling 51
Johann Züger
Austrian Institute of Technology, Austria

Support and Technical Issues 53
Namelist driven, tailor-made on-line diagnostic and output control 
for COSMO-CLM using the Modular Earth Submodel System (MESSy) 54

Astrid Kerkweg1, Mariano Mertens2, Patrick Jöckel2 and Christiane Hofmann1

1Meteorological Institute, University of Bonn; 2Institute of Atmospheric Physics, 
Deutsches Zentrum für Luft- und Raumfahrt, Oberpfaffenhofen

News from COSMO and ICON 55
Daniel Rieger, Ulrich Schättler, Günther Zängl
Deutscher Wetterdienst

COSMO-CLM on its way to the next reunification 56
Burkhardt Rockel
Helmholtz-Zentrum Geesthacht

Post-processing tools for generating project compliant climate model 
output 57

Fabian Wachsmann, Martin Schupfner, Stephanie Legutke
Deutsches Klimarechenzentrum





1

Atmosphere, Ice and Ocean



2

Activities with COSMO-CLM and NEMO for 
the North and Baltic seas at DWD

Activities with COSMO-CLM and NEMO 
for the North and Baltic seas at DWD By 
coupling atmosphere and ocean, pro-
cesses and interactions between those 
two realms can be represented more re-
alistically in climate models. Especially in 
northern Europe, where North- and Baltic 
Sea have a great impact on the local cli-
mate, the consideration of an active ocean 
is very important. In the projects ‘ProWaS’ 
and ‘NOCO’ we therefore use the regional 
coupled climate model ROAM 1.0, which 
consists of COSMO-CLM (CCLM) coupled 
to the ocean-model NEMO-Nordic via OA-
SIS3-MCT. The aim of ‘NOCO’ was to find 
an optimal configuration for ROAM 1.0 as 
a precondition for a 20-year reanalysis sim-
ulation, which was analysed with the help 

of satellite data. Different coupling time 
steps from five minutes up to six hours 
were tested, but no computational differ-
ence between the time-steps were found. 
In the pilot project ‚ProWaS‘ (Projektions-
dienst für Wasserstraßen und Schifffahrt) 
several federal german agencies cooperate 
to determine the effects of climate change 
on waterways and shipping in the region 
of the German Bight and the rivers Elbe 
and Rhine. We will provide an evaluation 
simulation and a climate projection simula-
tion with ROAM1.0, which will be further 
refined by impact models of the partner 
agencies to get small scale climate change 
information. The data will be distributed 
via the ESGF-node, which is installed at 
DWD in ProWaS.

Jennifer Brauch, Manuel Dröse, Trang Van Pham, Barbara Früh
German Meteorological Service (DWD), Germany
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Improvement in the simulation of fine-scale 
atmospheric moisture through Data Assimilation 

and sub-kilometer grid-refinement during a Heavy 
Precipitation case study. The HyMeX-IOP6

Alberto Caldas-Alvarez, Samiro Khodayar
Karlsruhe Institute of Technology (KIT), Germany

An accurate representation of Heavy 
Precipitation Events (HPEs) by current nu-
merical weather and climate prediction 
models will be of most importance over 
regions especially vulnerable to Climate 
Change such as the Mediterranean basin. 
Previous studies have highlighted the large 
sensitivity of heavy precipitation forecasts 
to errors in the representation of the spa-
tio-temporal distribution of atmospheric 
moisture. Indeed, changes of only 1g/kg 
in a time scale of minutes at the boundary 
layer, have been shown to make the differ-
ence between very intense convection and 
its complete suppression. The presented 
research work aims at gaining knowledge 

on how an improved spatio-temporal dis-
tribution of water vapour impacts Deep 
Moist Convection (DMC) representation 
during an HPE of the Hydrological Cycle in 
the Mediterranean Experiment (HyMeX), 
the IOP6. Two approaches are used to 
improve the fine-scale representation of 
water-vapour. We employ Data Assimi-
lation of GPS-IWV measurements from a 
data set, specially homogenized for the 
western Mediterranean countries with a 
frequency of 10 minutes and high-resolu-
tion radiosondes. And we assimilate these 
data in three-day runs COSMO simulations 
on three different horizontal resolutions 
(~7 km, ~2.8 km and ~500m).
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Observations show that recent Arctic 
temperatures increases faster than global 
average. This has consequences for the 
Greenland ice sheet, which receded in re-
cent decades. Given that these changes 
can have a high impact on the global sea 
level as well as atmospheric and oceanic 
circulation, it is of crucial importance to 
examine in more detail temporal and spa-
tial behaviour of factors contributing to 
the ice sheet. With this aim, we simulate 
the Greenland climate with the non-hy-
drostatic regional climate model COS-
MO-CLM for the CORDEX-Arctic region 
for recent decades (1995–2015), using 
ERA-Interim as boundary conditions and 
considering different spatial resolutions 
(0.44°, 0.22°, 0.0625°). Comparisons of 

simulated temperature, precipitation and 
surface mass balances with observations 
show good qualitative and quantitative 
agreement, with higher skill for tempera-
ture and lower for surface mass balance. 
The skill is often higher with increasing 
model resolution. For example, positive 
skill is found for 0.0625° at more than 
90 % of stations compared to 0.22°. The 
spatial pattern of mass balance estimates 
generally agrees with satellite products 
for 2005 to 2014, indicating negative 
mass balance near Greenland coasts and 
an increased loss in recent years. These 
encouraging results enable the usage of 
this model for other climate periods, for 
example the Midholocene or the last gla-
cial maximum.

High-resolution modelling of the Greenland climate 
with the regional climate model COSMO-CLM

Melanie Karremann, Gerd Schädler
Karlsruhe Institute of Technology (KIT), Germany
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A long-term hindcast simulation with 
COSMO-CLM over Antarctica

Niels Souverijns1, Alexandra Gossart1, Sam Vanden Broucke1, Irina Gorodetskaya2, 
Matthias Demuzere3, Jan Lenaerts4, Brooke Medley5, Samuel Helsen1, Nicole van Lipzig1

1Department of Earth and Environmental Sciences, KU Leuven, Leuven, Belgium; 2Centre 

for Environmental and Marine Sciences, Department of Physics, University of Aveiro, Aveiro, 

Portugal; 3Department of Forest and Water Management, Ghent University, Belgium; 
4Departement of Atmospheric and Oceanic Sciences, University of Colorado, Boulder CO, USA; 

5Cryospheric Sciences Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD, USA

Given the large potential contribution 
of the Antarctic ice sheet to future sea 
level rise, understanding the climate sys-
tem in the region is of high importance. To 
tackle this challenge, the regional climate 
modeling approach is a crucial tool, due 
to the scarcity and low spatial coverage of 
observations over Antarctica. In this study, 
we use COSMO-CLM 5.0 coupled to the 
Community Land Model (CLM4.5) and 
adapt it to Antarctic conditions. ERA-Inter-
im is used as initial and lateral boundaries 
for a time period of 30 year (1986–2016; 
excluding 3 years of spin-up time) at a 
resolution of 0.22° over the whole Antarc-
tic continent. Lackings in the model rep-
resentation of basic climatic variables such 
as temperature and wind speed were tack-

led by adapting the turbulence scheme, 
implementing a two-moment cloud mi-
crophysics parametrization, as well as sev-
eral modifications to the Community Land 
Model (e.g. snow metamorphosis, wind 
dependent compaction,...). We present an 
evaluation of this long-term COSMO-CLM 
simulation adapted for Antarctica. Results 
are compared to observations from sat-
ellites, automatic weather stations, field 
campaigns and radiosondes, over both the 
continent and the surrounding oceans. A 
particular focus is given to clouds and pre-
cipitation, as these atmospheric elements 
are generally not well represented in mod-
els over the Antarctic region, but play a 
crucial role in the surface energy budget.



6



7

Chemistry, Clouds, Aerosols and Radiation



8

Comparison of MECO(n) simulated NO2 vertical and 
slant column densities with TROPOMI and MAX-
DOAS observations over Rhineland-Palatinate

Vinod Kumar1, Julia Remmers1, Benedikt Steil1, Astrid Kerkweg2, Steffen Beirle1, 
Yang Wang1, Sebastien Donner1, Andrea Pozzer1, Thomas Wagner1, Jos Lelieveld1

1Max Planck Institute for Chemistry, Mainz, Germany; 2Meteorologisches 

Institut, Rheinische Friedrich-Wilhelms-Universität Bonn, Bonn, Germany

The evolution of trace gas detection 
techniques from space-borne instruments 
at a fine spatial resolution with daily global 
coverage, demands the need of a region-
al chemistry-climate model at a similar 
spatial resolution. TROPOMI instrument 
onboard Sentinal-5P was launched in Oc-
tober 2017 and measures tropospheric 
pollutants (e.g. NO2, HCHO, SO2 and CO) 
at an unprecedented spatial resolution of 
7 km × 3.5 km. A 1-way nested MECO(2) 
system was set-up for Germany, with the 
inner-most domain at 0.0625º (~7 km × 
7 km) spatial resolution and 40 vertical lev-
els which extend up to ~24 km. Anthro-
pogenic and biomass burning emissions 
were taken from the RCP 8.5 scenario. 
NO2 tropospheric vertical columns were 
derived from the model simulated NO2 
profile by taking into account averaging 

kernels, tropopause level and apriori pro-
files from TROPOMI data products. Trop-
ospheric vertical columns from MECO(2) 
and TROPOMI were compared on a daily 
basis for the month of November 2017. 
A 1-way nested MECO(3) system was also 
set up for Rheinland-pfalz region with the 
inner-most domain at a finer ~2 km × 2 km 
spatial resolution for comparison with 
ground-based NO2 slant column density 
(SCD) measurements from a 4-azimuth 
MAX-DOAS instrument operated at MPIC 
Mainz. Height-resolved 2-D boxed airmass 
factors were calculated using McArtim 
(Monte Carlo Atmospheric radiative trans-
fer model) for different measurement el-
evation angles which were then used to 
determine SCDs from the modelled NO2 
profiles.
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Improvement of the planetary boundary layer 
height based on COSMO-CLM simulation data

Markus Thürkow1, I. Kirchner1, Prof. Dr. M. Schaap2

1Freie Universität Berlin (FUB); 2Freie Universität Berlin (FUB) / TNO

The UBASOAP project aims to improve 
the model performance for particulate 
matter episodes with easterly wind di-
rections by improving the modelling of 
the mixing layer height and by improving 
the emission information over the area 
of Germany/Poland. For this purpose the 
meteorological input data for LOTOS-EU-
ROS has to be dynamical downscaled 
using the COSMO-CLM model. The plan-
etary boundary layer diagnostics of COS-
MO-CLM will be evaluated and improved 
by using sensitivity simulations depending 
on turbulence closure and the surface 
transfer scheme. Two spatial resolutions 
are obtained with 7 km and 2.8 km using 
a double nesting approach. As boundary 
conditions the ERA-Interim reanalysis da-
ta-set is used. The mixing layer height is 

compared with sounding stations by using 
the bulk Richardson method. First results 
suggest that downscaling of the ERA-In-
terim reanalysis data-set leads to a cooling 
in the model domain but the representa-
tion of extremes is not improved, effect-
ing particularly the lower atmosphere near 
the surface where increased resolutions 
and small-scale parameterizations improve 
the planetary boundary layer. The mixing 
layer height can significantly be improved 
and the COSMO-CLM simulation is well 
reflecting the temporal behavior. In case 
of downscaling to 2.8 km no added value 
of the mixing layer height is recognizable. 
The COSMO-CLM overestimates the mix-
ing layer height at all. Results regarding 
the sensitivity simulations will be present-
ed at the assembly.
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Mesoscale resolving high-resolution simulation 
of wind farms in COSMO-CLM 5

Naveed Akhtar, Burkhardt Rockel
Institute for Coastal Research, Helmholtz-Zentrum Geesthacht, Geesthacht

The rapid development of offshore 
wind farms has raised concerns about the 
local environment and ecosystem. Wind 
farms influence the local meteorology by 
extracting kinetic energy from the wind 
field and by generating a large wake. The 
North Sea is one of the main regions of 
the world where the growth of offshore 
wind farms is rapidly increasing. In this 
study, we analyze the impact of large-scale 
offshore wind farms in the North Sea on 
local meteorology using regional climate 

model COSMO-CLM. For this purpose, the 
parametrization for wind turbine driven by 
Fitch et al. (2012) and Blahak et al. (2010), 
previously implemented in COSMO-CLM 
v4.8 at KU-Leuven (Chatterjee et al. 2016), 
has been implemented in the latest version 
5 of COSMO-CLM. Here we present the 
first results of COSMO-CLM long-term 
simulations with and without wind farms 
using mesoscale resolving high-resolu-
tion horizontal atmospheric grid spacing 
(~ 1 km).
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Conditional Evaluation of Regional Hindcasts from 
the MiKlip Decadal Climate Prediction System

Sascha Brand1, Barbara Früh1, Hendrik Feldmann2, Hans-Jürgen Panitz2

1German Weather Service (DWD); 2Karlsruhe Institute of Technology (KIT)

We present results of conditional evalu-
ations of retrospective forecasts from the 
MiKlip decadal climate prediction system. 
This system is a development within the 
framework of the German national re-
search project “Mittelfristige Klimaprog-
nosen” (MiKlip), funded by the Federal 
Ministry of Education and Research in 
Germany. The global prediction system, 
which will be fully operational at DWD 
by the end of 2019, is build around the 
coupled Max-Planck-Institute Earth System 
Model (MPI-ESM, high resolution (HR) ver-
sion) as a core. For our study, we use high-

er resolved regional data of the European 
domain, obtained with a dynamical down-
scaling of the global MiKlip ensemble 
(“preop-GCM”) with COSMO-CLM. The 
2 m-temperature fields from the resulting 
regional MiKlip ensemble (“preop-RCM”) 
are classified with respect to the North 
Atlantic Oscillation teleconnection pattern 
(NAO) and the Root Mean Square Error 
(RMSE) of ensemble members and reanal-
ysis data. Forecast skill and forecast preci-
sion of the ensemble mean are then val-
idated depending on lead time and data 
class.
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High-resolution projection of climate change 
over Israel with COSMO-CLM

Edoardo Bucchignani1, P. Mercogliano1, A. Hochman2, P. Alpert2, H. Saaroni2

1CMCC Foundation; 2Tel Aviv University

Climate projections over Israel at 
0.0715° resolution have been obtained 
with the regional model COSMO-CLM, 
nested into the CORDEX-MENA simula-
tions at 0.22°. In a previous work, it was 
shown that increasing the spatial resolu-
tion improves the representation of climate 
extreme due to the better representation 
of topography, especially with respect 
to station data. In the present work, the 
model output is validated against E-OBS 
and APHRODITE data sets. Projections are 
presented in terms of average properties 
and using a subset of extreme temper-
ature and precipitation ETCCDI indices 
for the period 2041–2070 with respect 
to 1981–2010, under the IPCC RCP4.5 
scenario.. A general increase in seasonal 
mean temperature is projected, with peaks 

of about 2.5 °C, especially in winter and 
autumn. All temperature indices project a 
significant growth, with larger increase in 
the minimum temperatures. Regarding to-
tal seasonal precipitation, decreases were 
found in the north and central climate 
parts of Israel, with reductions reaching 
40 %, and increases in the most southern 
arid parts during winter and spring. Precip-
itation amounts are different between the 
northern and the southern climate. A pro-
jected tendency towards drier conditions is 
in agreement with low-resolution projec-
tions. This spatial pattern probably results 
from an increase in convective activity in 
the south and from a decrease in cyclones’ 
occurrences, which mainly influences the 
northern and central parts of Israel.
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Climate variability and predictability of heavy 
precipitation events potentially causing floods

Benjamin Buldmann, Hendrik Feldmann, Gerd Schädler, Joaquim G. Pinto
Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

Large floods are one of the major natural 
hazards affecting Europe, with enormous 
risk potential for buildings, infrastructure 
and fatalities. Such events are primarily 
driven by heavy precipitation over a large 
area, partly with secondary contributions 
from snow melt. In this study the predict-
ability and climate variability of extreme 
precipitation events associated with floods 
for Central Europe are analyzed using re-
gional climate hindcasts from CCLM. To 
identify such extreme-events a heuristic 
percentile index, based on mean precipita-
tion over a catchment, is been developed. 
To study the multi-decadal variability and 
the relations between extreme events in 
Europe and large-scale teleconnection 

patterns in particular, a downscaling of 
20th century reanalysis data has been per-
formed within the German MiKlip project. 
Two approaches have been applied: First, 
dynamical downscaling using CCLM, and 
second, a statistical method based on an-
alogues. These simulations will be used 
to evaluate under which conditions, one 
can expect predictive skill in terms of ex-
treme precipitation events on a decadal 
timescale. Besides this, a methodological 
comparison will be conducted to examine 
the systematic differences between the 
dynamical downscaling approach and the 
computational less demanding statistical 
approach.
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The IPCC 6th assessment report: brief overview 
and opportunities for the CLM community

Alessandro Dosio
European Commission Joint Research Centre

The activities of the Intergovernmental 
Panel on Climate Change (IPCC) Working 
Group I (WGI: the physical science basis) 
for the preparation of the 6th Assessment 
Report (AR6) will start officially with the 
First Lead Author meeting (LAM1) in June. 
Contrary to previous assessment reports, 
and as specifically requested by the IPCC 
following the outcome of a previous work-
shop (IPCC Workshop on Regional Climate 
Projections and their Use in Impacts and 
Risk Analysis Studies, 2015) AR6 will spe-
cifically focus on regional climate change 
information, with 3 chapters (10–12) 
specifically dedicated to the assessment 

of processes of global to regional climate 
change, weather and climate extremes in 
a changing climate, and climate change 
information for regional impact and risk 
assessment. In particular, the report should 
facilitate the integration and consistency 
of the assessment across the WGs (the 
‘hand shake’) of regional impacts, vulner-
ability and risk (specifically undertaken by 
WGII). A regional atlas is also proposed as 
an annex of the WGI report. This talk will 
provide an overview of the AR6 cycle, with 
focus being on the challenges and oppor-
tunities for regional climate community 
such as the CLMcom.
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Regional Decadal Climate Predictability and 
Variability – A Résumé of the MiKlip Project

Hendrik Feldmann and the MiKlip Module-C Team
Institute for Meteorology and Climate Research (IMK-TRO), Karlsruhe 

Institute of Technology (KIT), Karlsruhe, Germany

The BMBF project MiKlip has developed 
a decadal climate prediction system, which 
is intended to go operational at DWD by 
end of 2019. A regionalization module 
is part of the project, which for the first 
time offers systematic downscaling on the 
decadal time-scale. The core model for 
the downscaling is CCLM. In addition a 
“multi-RCM”-approach including REMO 
has been applied as well as a statisti-
cal-dynamical approach. Large ensembles 

of initializes decadal hindcast simulations 
have been generated. They offer about 
20.000 simulation years covering the pe-
riod 1960–2027. There are additional sim-
ulations covering the whole 20th century. 
This study gives an overview about the 
steps toward an operational climate pre-
diction as well as the main results regard-
ing the predictability of mean and extreme 
climate indicators as well as on their dec-
adal variability and teleconnections.
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Quantitative wind climatology for wind energy 
applications at heights above 100 m

Tina Leiding1, Manuela Starke2, Astrid Ziemann2, Andreas Walter1, Philipp Stahn2

1Deutscher Wetterdienst, Offenbach, Germany; 2Technische Universität 

Dresden, Chair of Meteorology, Tharandt, Germany

The increasing hub height of wind tur-
bines results in optimizing the wind en-
ergy yield at one location and offers the 
possibility to provide new areas for wind 
power, for example forests. Furthermore, 
inhomogeneous environmental conditions 
of locations for wind turbines cause chal-
lenges for the wind power assessment. 
Thus, daily and seasonal periodic interac-
tions between the airflow and other mete-
orological fields, e.g. the variable thermal 
stratification of the atmosphere, have to 
be realistically modelled. To specify the 
wind field at hub heights of modern wind 
turbines (100 m to 200 m) in a consistent 

way, a high-resolution wind climatology 
for Germany will be generated within the 
project QuWind100 (QUantitative WIND 
climatology for wind energy applications 
at heights above 100 m). For this purpose, 
a chain of non-hydrostatic models con-
sisting of the mesoscale COSMO CLM in 
climate mode and the microscale model 
HIRVAC2D (HIgh Resolution Vegetation 
Atmosphere Coupler 2D) is applied. The 
concept of this methodology resulting in 
a new wind atlas for current and future 
conditions of climate and land use is pre-
sented.
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COSMO-CLM in SOCLIMPACT

Anika Obermann-Hellhund, Bodo Ahrens
IAU, Goethe-Universität Frankfurt

Islands are vulnerable to climate change 
consequences and at the same time can 
be used as living labs with a high replica-
bility potential to asses the climate change 
associated costs, benefits, and risks in oth-
er coastal regions. The SOCLIMPACT pro-
ject aims at modeling the climate change 
impact on EU islands, including the Med-
iterranean and Baltic islands, the Azores, 
Canaries, Madeira, and the French West 
Indies. It focuses on the impact of climate 

change on environmental, social, and eco-
nomic factors during 2030 to 2100 using 
impact chains. COSMO-CLM and several 
other regional climate models are used to 
provide the input for the subsequent en-
vironmental, social and economic mode-
ling. We show how these regional climate 
models contribute to the impact chains 
and the SOCLIMPACT approach to esti-
mate climate change impacts on islands.
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The effect of coupled marginal seas on precipitation 
extremes and heat waves in 20th century CCLM simulation

Cristina Primo, Fanni Dora Kelemen, Anika Obermann, Bodo Ahrens
Goethe-University Frankfurt

Regional atmosphere-only (CCLM) 
and coupled ocean-atmosphere (CCLM-
NEMO) model simulations are analysed to-
gether with the driving global data and ob-
servations to investigate the added value 
of regionalisation and coupling. Two anal-
yses are carried out: The first focuses on 
the multi-decadal variability of precipita-
tion extremes in the 20th century. For this, 

the Standardized Precipitation Index (SPI) 
is calculated and compared between the 
simulations and observations. The second 
focuses on the detection of heat waves. 
For this, maximum temperature coming 
from model simulations is compared to 
daily data provided by some DWD-stations 
during a period of 100 years.
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Sensitivity studies for the CORDEX Central 
Asia domain with the COSMO-CLM 5.0

Emmanuele Russo, Ingo Kirchner
Institute of Meteorology - Freie Universität Berlin

The ability of climate models to repro-
duce past observations is welll acknowl-
edged as a necessary prerequisite for the 
projection of future climate. Configur-
ing a model in such a way that a certain 
measure of the model output agreement 
with selected observations is maximized, 
is indeed a fundamental step prior to any 
climate simulation. With the goal of deter-
mining the “best“ model configuration to 
be used in the new CORDEX-CORE initia-
tive, we present here the results of a series 
of sensitivity tests conducted for the Cen-
tral Asia CORDEX domain with the COS-
MO-CLM model version 5.0 driven by rea-
nalysis data, at a spatial resolution of 0.22 
longitude degrees. The study consists of a 
series of 15-year long simulations, cover-

ing the period 1991–2005 and performed 
using different physical parameterizations. 
The CORDEX Central Asia domain is one 
of the largest domains of the CORDEX ac-
tion, including almost the entire continen-
tal Asia and presenting particularly heter-
ogenoeus climatological conditions. For 
this reason, it offers a unique opportunity 
for the study of model sensitivity, allowing 
to deduce important insights on climate 
mechanisms and model uncertainties. Re-
sults suggest that, for the area, parame-
ters related to the treatment of albedo and 
soil processes have the largest effects on a 
set of near surface variables such as tem-
perature and precipitation and can sensi-
bly improve model results when compared 
to observations.
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Floods in small and medium sized catchments 
in the Eastern Alps simulated by RCMs from the 
hydrostatic to the convection-permitting scale

Heimo Truhetz1, Christian Reszler2, Matthew Blaise Switanek1

1Wegener Center for Climate and Global Change, University of Graz, 

Graz, Austria; 2JR-AquaConSol GmbH, Graz, Austria

Small scale floods are a consequence 
of high precipitation rates in small areas 
that can occur along frontal activity and 
convective storms. In the extended Basin 
of Graz, located in the south-eastern part 
of the Alps, frequent small scale thunder-
storms are leading to heterogeneous rain-
fall distributions that are causing very local 
flash flood events. Since the last years, the 
hydrological model KAMPUS is being op-
erationally used to forecast the develop-
ment of flood events in this region. In this 
work, we integrate KAMPUS into a climate 
modelling framework that consists of mul-
tiple long-term (1989 to 2010) ERA-Inter-
im based hindcasts with CCLM and WRF 
operated with 50 km, 12.5 km, and 3 km 

grid spacing. Comparisons between mod-
elled and observed flood events in a varie-
ty of catchments (ranging from 75 km2 to 
1103 km2) provide detailed insights in RCM 
error characteristics (and their dependency 
from grid spacing) and the effects of a re-
cently developed bias correction technique 
(Scale Distribution Mapping; SDM). This al-
lows the formulation of requirements for 
both, RCMs and bias correction, when cli-
mate change effects on flood events shall 
be investigated by means of this model-
ling framework. The study was funded by 
the Austrian Climate Research Programme 
(ACRP, proj.id KR13AC6K11102 – CHC-
FloodS) by the Austrian Climate and Ener-
gy Funds (KLI:EN).
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Convection resolving climate simulations
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Comparison of 2.8 and 12 km CCLM simulations for Germany

Susanne Brienen, Susanne Brienen, Michael Haller, Barbara Früh
Deutscher Wetterdienst, Offenbach, Germany

In the context of the German research 
project “Network of Experts - Adapting 
transport and infrastructure to climate 
change and extreme weather events”, we 
ran simulations with the COSMO-CLM at 
2.8 km for the time period 1971–2100. 
The focus of the project is the provision 
of high-resolution climate information in 
order to make the national transport in-
frastructure resilient to extreme weather 
and climate change. Temperature, pre-
cipitation and wind are key parameters. 
The COSMO-CLM simulations at convec-
tion-resolving resolution (2.8 km) were 
nested in 12 km EURO-CORDEX runs with 

COSMO-CLM driven by ERA40/ERA-Inter-
im and MIROC5 (RCP8.5 scenario). We 
would like to present here a first analysis 
of these high-resolution simulations with 
a focus on the added value compared to 
the forcing simulations at lower resolu-
tion. The analysis is conducted over Ger-
many and we use the HYRAS observation-
al data sets, which are further developed 
in another part of the project, for evalu-
ation. In another contribution, Michael 
Haller shows the statistical downscaling 
part of the research, which is intended to 
enhance the ensemble size in order to be 
able to quantify also uncertainties.
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On the application of statistical downscaling for a convection-
permitting climate projection ensemble for Germany

Michael Haller, S. Krähenmann, S. Brienen, B. Früh
Deutscher Wetterdienst

The knowledge about frequencies and 
intensities of extreme events, triggered by 
climate change is one of the key issues in 
the project “Network of experts - Adapting 
transport infrastructure to climate change 
and extreme weather events”, launched 
in 2016 by the German Federal Ministry 
of Transport and Digital Infrastructure. 
The vulnerability of traffic infrastructure 
has many different factors. One of these 
factors is the weather and climate impact. 
For the assessment of the vulnerability and 
possible adaptation strategies for trans-
port infrastructure on a local scale, cli-
mate information is needed on the same 
scale. Thus, we perform high-resolution 
climate projections with COSMO-CLM 
on 2.8 km grid width for time periods of 
more than 30 years using the RCP 8.5 sce-

nario, dynamically downscaled two-fold 
from MIROC5 global model data. In order 
to estimate the robustness of our climate 
projections we aim at developing a con-
vection-permitting climate multi-model 
ensemble using a combination of statisti-
cal and dynamical downscaling. Thus, we 
apply a statistical downscaling technique 
for EURO-CORDEX ensemble members 
by linking high-resolution dynamical sim-
ulation at 2.8 km grid width to the simu-
lations at 12 km grid width. For this pro-
cedure we use the principal component 
analysis (PCA) method. It has been tested 
for a 30 year period of climate projections 
driven with MIROC5. Results of the tests 
will be shown as well as a description of 
the method itself.
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A multi-model evaluation and climate projection of 
extreme precipitation for Belgium. A micro-ensemble 

based on three convective-permitting models

Samual Helsen1, Nicole van Lipzig1, Sam Vanden 
Broucke1, Hendrik Wouters2, Piet Termonia3

1KU Leuven, Belgium; 2Ghent University, Belgium; 3Royal Meteorological Institute of Belgium

A first multi-model evaluation and cli-
mate projection of summer extreme pre-
cipitation is presented for Belgium for the 
end of this century based on three convec-
tive-permitting models from the CORDEX.
be project (http://www.euro-cordex.be/. It 
was found that the present-day extreme 
precipitation distributions were captured 
much better at convective-permitting 
scale, which can be attributed to the shift 
from parameterized to explicitly resolved 
convection. The ensemble of future cli-

mate projections showed a robust trend 
and revealed that at convective-permit-
ting scale the number of hourly summer 
extreme precipitation events is expected 
to increase. It was found that the climate 
change signal mainly depends on three 
factors: the climate model, the region, 
and the precipitation intensity. This study 
further shows that the sensitivity of the 
climate change signal for hourly extreme 
precipitation depends both on the scale 
and on the topography.
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Clouds in decade-long convection-resolving 
climate simulations over Europe

Laureline Hentgen, Nikolina Ban, Nico Kröner, 
David Leutwyler, Daniel Lüthi, Christoph Schär

Institute for Atmospheric and Climate Science, ETH Zürich

Although crucial for climate, clouds are 
poorly represented in current models which 
operate at too coarse grid resolutions and 
rely on parameterizations. Advances in 
high performance computing and the 
use of a COSMO model version running 
entirely on GPUs allows performing kilo-
meter-scale convection-resolving climate 
simulations with finer representation of 
topography and cloud processes, and 
without parametrization for convection, 
known as major source of uncertainties. 
We present a study based on decade-long 
convection-resolving climate simulations 
at 2.2 km horizontal grid resolution over 
a domain with 1536x1536x60 grid points 
covering Europe. Simulations driven by 
ERA-interim reanalysis show that biases 
in the mean summertime cloudiness and 

in the top-of-the-atmosphere radiation 
budget are reduced when convection is 
resolved compared to simulations at 12 km 
resolution. Especially, the typically under-
estimated mid-tropospheric cloud layer 
is enhanced, thanks to stronger mixing. 
Future climate simulations conducted us-
ing Pseudo-Global Warming experiments 
for an RCP8.5 scenario show reductions 
in low- and mid-tropospheric cloud cover 
fractions over mid-Europe. As unraveled 
by analyzing cloud profiles, these changes 
are due to an upward shift of clouds in the 
convection-resolving approach, whereas 
reductions of the cloud liquid water are 
dominating when convection is parame-
terized. The resulting surplus of incoming 
solar radiation indicates a positive cloud 
feedback.



28

Mountain Volume Control on Deep-Convective Rain Amount

Adel Imamovic, Linda Schlemmer, Christoph Schär
Institute for Atmospheric and Climate Sciences, ETH Zürich, Switzerland

Thermally driven upslope flows at moun-
tains provide favorable conditions for 
ubiquitous summertime deep moist con-
vection in mountainous areas. The present 
study investigates the response of deep 
convection to different length and height 
scales of orography using ensembles of 
idealized convection-resolving simulations 
with full physics parameterizations. In or-
der to cover a wide range of scales we run 
simulations with height scales between 
250 m and 1500 m and width scales be-
tween 5 km and 30 km. While we find a 
strong impact of mountain slope on up-
slope wind speed, deep convective timing, 
vigor and rain intensity, the rain amount 
over the mountain scales nearly linearly 
with the mountain volume. Tests with al-

ternative mountain geometries and large 
scale flow suggest that the linear scaling 
holds over a surprisingly large portion of 
the parameter space: the scaling does not 
depend on the details of the mountain ge-
ometry or even the presence of multiple 
small scale peaks. For mountains of up to 
750 m in height, the linear scaling even 
prevails if large-scale flow is present. For 
taller mountains the mountaintop heat 
anomaly is substantially vented away and 
the rain amount is reduced. The existence 
of the simple volume scaling over such a 
wide range of configurations suggests 
that deep-convective rain amount in many 
mountainous areas is disproportionally 
dominated by the large horizontal scales 
of orography.
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Towards advances in modelling of heavy precipitation 
by the synergetic use of convection-permitting 
simulations and state-of-the-art observations

Samiro Khodayar, Alberto Caldas-Alvarez, Sebastian Helgert, Johannes Hoerner
Karlsruhe Institute of Technology (KIT)

As a result of global warming, the type, 
frequency and intensity of extreme events 
are expected to rise. The physical impacts 
of the climate change will result in an in-
creased number of fatal consequences. 
These changes will be more drastic in cer-
tain areas of the globe such as the Medi-
terranean regions. The scientific communi-
ty thus faces a challenging task answering 
the question: Where, when and how in-
tensely weather and climatic extremes will 
occur? The capability to predict such dra-
matic events is still a great challenge. De-
spite the significant progress made during 
recent years, many uncertainties remain. 
In this study, the synergy of state-of-the-
art observations and high-resolution con-
vection-permitting model simulations is 
used to explore the sensitivity of heavy 

precipitation to soil moisture conditions 
and atmospheric water vapour evolution. 
Several numerical experiments have been 
designed across scales and resolution 
to assess, (a) the relevance of soil condi-
tions for the occurrence of extreme pre-
cipitation, (b) the impact of soil moisture 
initialization making use of high-resolu-
tion satellite-derived surface soil moisture 
observations, and (c) the relevance of an 
accurate representation of atmospheric 
water vapour distribution and evolution 
through assimilation of a state-of-the-
art GPS-derived Integrated Water Vapour 
data set and radiosounding profile infor-
mation. A local-to-regional approach and 
a process-understanding methodology are 
applied.
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Temperature and Precipitation extremes in a very high resolution 
(0.025°) climate projection ensemble for Southern Germany

Natalie Laube, Gerd Schädler, Hans-Jürgen Panitz, Joaquim G. Pinto
Karlsruhe Institute of Technology (KIT)

Previous studies have indicated hetero-
geneous climate change signals for areas 
characterized by complex topography. In 
order to obtain more reliable and robust 
projections on a high spatial scale, an en-
semble of COSMO-CLM (CCLM) climate 
simulations was generated with a final 
resolution of 0.025° (about 2.8 km) and 
including three global climate models as 
forcing (used in the CORDEX initiative). 
One control (1971–2000) and two future 
periods based on the RCP 8.5 emission 
scenario are considered, one for the Near 
Future (NF, 2021–2050) and one for the 
Distant Future (DF, 2071–2100). To evalu-
ate the CCLM simulations for the control 
period, the model results are compared to 
Eobs V14 [Haylock et al. 2008] and HYRAS 

observations [Rauthe et al. 2013]. Com-
paring the second nesting step (7 km) to 
the third (2.8 km) an added value of the 
higher resolution was identified for sever-
al variables. An overall cold and wet bias 
was found (with minor exceptions). With 
skill scores, the reliability of the ensemble 
was tested. Also, the characteristics of 
heat waves (HW) were investigated. Their 
climate change signal not only includes a 
strong increase of the HW temperatures 
(up to 5 °C in the DF), but also higher 
numbers on HWs per year with longer du-
rations. The mean precipitation decreases 
slightly in both future periods, while for 
extreme precipitation events large spatial 
variations are identified.
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Synoptic-scale conditions and convection-permitting 
hindcast experiments of a cold-season derecho 

on 3 January 2014 in Western Europe

Luca Mathias1, Patrick Ludwig2, Joaquim G. Pinto2

1Institute for Geophysics and Meteorology, University of Cologne; 2Institute of 

Meteorology and Climate Research, Karlsruhe Institute of Technology

A major linear mesoscale convective sys-
tem caused severe wind gusts in parts of 
Western Europe on 3 January 2014 and it 
can be classified as a cold-season derecho. 
While such derechos occasionally develop 
along the cold front of an extra-tropical 
cyclone, the investigated system formed 
in a postfrontal air mass along a baroclinic 
surface trough and profited from strong 
large-scale forcing for ascent. Additionally, 
the lower troposphere was characterized 
by weak latent instability and very strong 
vertical wind shear. Given the poor oper-
ational forecast of the storm, we analyse 
the role of the initial conditions to the de-
velopment of the storm with a modelling 
approach. With this aim, convection-per-
mitting simulations are performed with 

different datasets for initial and bounda-
ry conditions. While the storm is well re-
produced with ERA5 reanalysis initial and 
boundary conditions, this is only partially 
the case with ERA-Interim reanalysis and 
not the case with the operational ECMWF 
analysis. Therefore, we conclude that this 
storm was predictable given the correct 
initial and boundary conditions. Moreover, 
very high model resolution (1.1-km grid 
spacing) enables a better representation of 
the observed derecho intensity. Thus, this 
case study indicates that convection-per-
mitting ensemble simulations might be 
important to overcome the current short-
comings of forecasting cold-season con-
vective storms, particularly for cases not 
associated with a cold front.
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Bulk and structural convergence at convection-
resolving scales in simulations of summertime moist 

convection in the light of model uncertainty

Davide Panosetti, Linda Schlemmer, Christoph Schär 
Institute for Atmospheric and Climate Sciences, ETH Zürich, Switzerland

Convection-resolving models are es-
tablished as a solid framework to simu-
late moist convection in both numerical 
weather prediction and regional-scale cli-
mate projections. However, the truncation 
of the continuous energy cascade at scales 
of O(1 km) poses a challenge, as in kilom-
eter-scale simulations the size and proper-
ties of the simulated convective cells are 
often determined by the horizontal grid 
spacing (∆x). This study investigates both 
the bulk convergence of the mean diurnal 
cycle and spatial distribution of precipita-
tion, clouds and convective transport of 
mass, heat and water vapor, and struc-
tural convergence of statistics and scales 
of individual convective cells in idealized 
and real-case simulations of summertime 

moist convection over land at ∆x ranging 
from 8.8 km to 500 m. Bulk convergence is 
discussed in the light of model uncertain-
ty. Results reveal that bulk convergence 
is generally attained in idealized simula-
tions. In real-case simulations the resolu-
tion sensitivity of bulk quantities generally 
decreases at smaller ∆x over mountain-
ous terrain. However, it is impracticable 
to assess whether bulk convergence is in 
fact achieved or not, since the resolution 
sensitivity is comparable with the model 
uncertainty. Structural convergence is not 
yet fully achieved at the kilometer scale, 
despite the evidence that the probability 
density functions of convective mass flux 
are insensitive to further refinements of 
the mesh grid beyond ∆x =1.1 km.
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Evaluation of convective cell characteristics in COSMO-CLM

Christopher Purr1, Erwan Brisson1, Bodo Ahrens1, Thomas Junghänel1,2

1Goethe Universität Frankfurt; 2Deutscher Wetterdienst

So far few studies have investigated 
sub-hourly precipitation dynamics of con-
vection permitting climate models despite 
the fact that convective cells typically have 
a life time of less than an hour. To tackle 
this issue, we apply a tracking algorithm 
to precipitation data from radar observa-
tions and from a regional climate model 
(COSMO-CLM) that have a temporal res-
olution of 5 min. This approach allows for 
the individual selection of convective cells 
and the monitoring of their development 
in time. The evaluation period covers the 
time from 2001 to 2016. We simulate sin-
gle days within this period that are char-
acterized by high convective activity using 

COSMO-CLM in a convection permitting 
setup (1 km grid spacing) over the domain 
of South-Western Germany. We evaluate 
statistics of heavy rain cell characteristics 
like maximum precipitation intensity, area 
and life time of convective cells. We show 
that COSMO-CLM can reproduce the ob-
served frequency distributions of these 
quantities. We also investigate spatial pat-
terns of convective activity in order to de-
tect orographic effects. Furthermore, we 
investigate the degree of organization of 
the convective cells and relate it to surface 
temperature in order to investigate a po-
tential Clausius-Clapeyron scaling of cell 
characteristics.
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Simulations of radiative-convective 
equilibrium (RCE) using COSMO-CLM

Linda Schlemmer1, Pierre Gentine2

1Institute for Atmospheric and Climate Science, ETH Zurich; 2Columbia University

Radiative-convective equilibrium (RCE) is 
the statistical equilibrium that the atmos-
phere and surface reaches in the absence 
of lateral energy transport. It is determined 
by a balance between net radiative cool-
ing and convective latent heating. It can 
be understood as an idealization of the 
tropical atmosphere. RCE has regained 
great attention recently, as spontaneous 
self-aggregation of convective clouds in 
simulations of RCE have been reported. 
This self-aggregation is of critical impor-
tance for the climate system, as in contrast 
to an atmosphere with randomly distribut-
ed deep-convective clouds, an atmosphere 
with aggregated clouds shows much more 
efficient longwave radiative cooling. Here 

we present idealized RCE simulations 
above a two-dimensional mixed-layer 
ocean using COSMO-CLM. First, the mod-
ifications necessary to the radiation code 
and the inclusion of a mixed-layer ocean 
are detailed. Second, simulations of RCE at 
sea-surface temperatures between 292.5 K 
and 307.5 K are presented. Hereby, the re-
sulting equilibrium state and the emerging 
aggregation of clouds is discussed. Finally, 
the response of precipitation and convec-
tive mass flux to temperature is assessed. 
This is done both for simulations with ex-
plicitly simulated convection and also for 
simulations where convection is parame-
terized.
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The COSMO-CLM contribution to ELVIC CORDEX-FPS

Jonas van de Walle1, Oscar Brousse1, Wim Thiery2,3, 
Matthias Demuzere4, Nicole van Lipzig1

1KU Leuven, Leuven, Belgium; 2ETH Zürich, Zürich, Switzerland; 3Vrije Universiteit 

Brussel, Brussels, Belgium; 4Ghent University, Ghent, Belgium

Weather hazards in East Africa have a 
large impact on local societies. As extreme 
precipitation events frequently lead to ur-
ban flooding in African cities, they favor 
the spread of vector-borne diseases such 
as malaria. Moreover, every year, possibly 
more than 5000 fishermen lose their lives 
over Lake Victoria alone, mostly due to 
hazardous weather conditions. Yet several 
deficiencies remain in modeling and un-
derstanding the extremes. First, the diur-
nal cycle of extreme precipitation is badly 
represented in coarse resolution models. 
Secondly, complex orography and inland 
lakes induce strong mesoscale circulations 
that are not captured. Hence the need to 
enhance the understanding of the local 
climate. The ELVIC ‘climate Extremes in 
the Lake VICtoria region’ project, a COR-

DEX-FPS initiative, aims to provide an an-
swer to this need. Present-day simulations 
and future projections are planned with 
different regional climate models, but the 
same resolution of 2.8 km. Such convec-
tion permitting simulations showed added 
value over European regions. Hence they 
are promising for this convectively active 
region. Here we present the CCLM contri-
bution to ELVIC. The analysis of the high 
resolution simulations includes the ex-
treme precipitation, mesoscale circulation 
and temperature patterns. The ultimate 
goal is to improve the understanding of 
the regional climate in the lake Victoria re-
gion and to provide a reliable member to 
the next-generation ensemble of climate 
simulations.
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Dynamics and Numerics



38

COSMO 5 with non-dissipative dynamics and 
Two-Way Coupling: model development and its 

relevance at 0.11 grid resolution over Europe

Andreas Will1, J. Ogaja2 and E. Maisonnave3

1BTU Cottbus-Senftenberg; 2Brown University, USA; 3CERFACS, France

Recently, the new full 4th order and en-
ergy conserving horizontal discretisation 
scheme (S4p4) and the Two-Way Coupling 
(TWC) with MPIESM via OASIS3-MCT have 
been implemented in COSMO_5 and MP-
IESM. The scheme S4p4 allows long time 
simulation without any numerical horizon-
tal diffusion (d0.00). As shown by Ogaja 
and Will (2016) this increases the effective 
model resolution by approximately a fac-
tor of two and enhances the dynamics in 
the atmospheric boundary layer. TWC re-
duces the boundary effect of downscaling. 
A combination of both developments has 

the potential to reduce two fundamental 
error sources in limited area modelling. We 
present the new model version cosmo_5_
HOS-TWC and first results of the compari-
son between the reference simulation over 
Europe at 0.11 resolution with COSMO_5 
(CEU11) using the reference dynamics 
C3p2 (upwind 3rd order and 2nd order 
fast waves /pressure solver), the Two-Way 
Coupled simulation (CEU11-TWC), the 
symmetric scheme simulation (CEU11-
HOS) and the simulation (CEU11-TWC-
HOS) combining both developments. 
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Reproducibility of regional climate simulations

Beate Geyer, Andrew Ferrone
Helmholtz-Zentrum Geesthacht

The reproducibility of our regional cli-
mate simulations with the COSMO-CLM 
across Europe is being investigated. The 
COPAT parameter test simulations for 
1980–2000 with ERAinterim forcing were 
performed on various supercomputers to 
determine optimal parameter settings. 
In order to be able to estimate the in-
fluence of namelist parameter changes 
compared to technical deviations due to 
the use of different computer platforms 
and compilers, simulations with the same 
setup were performed on the comput-
ers of ETHZ, DWD, LRZ, KUL, LIST, CIRA, 
DKRZ-blizzard and DKRZ-mistral. The re-
sults of the platform dependency for the 
variables temperature, minimum temper-
ature, maximum temperature at 2m alti-
tude, precipitation, pressure at sea level, 

cloud coverage are presented. To classify 
the results found, the deviations from 6 
realizations of this simulation on a single 
computer (ETHZ) with temporally offset 
initial conditions are determined. In ad-
dition to the technical reproducibility, the 
reproducibility of the findings is analysed, 
which is questioned by various underlying 
truths, the observation data. For this, the 
deviations found are related to the varia-
bility in the eObs data. When the first 7 
simulations were performed in 2015, the 
eObs version 10.0 dataset was up-to-date 
and used as a measure, while a current as-
sessment of the tested parameters would 
presuppose version 17.0 data as optimal. 
The differences between the 8 versions are 
discussed.
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What can we learn from MSG?

Ronny Petrik, Beate Geyer, Burkhardt Rockel
Helmholtz-Zentrum Geesthacht

During the last years more and more 
observational datasets arise on the market 
using the data retrievals of the MSG-sat-
ellites. The bunch of products range from 
surface radiation (SARAH2) over radiation 
budget at TOA (MVIRI-SEVIRI) to cloud-re-
lated properties (CLAAS2) as well as parts 
of the TRY dataset. Such data have the 
potential to allow for insights into mod-
el’s physical drawbacks. However, the 
data have to be treated with care. It is 
discussed how to prepare model output 
or online diagnosis in such a way that a 
proper evaluation can be done. Therefor, 
we also shortly address the data retrieval 
of relevant products of MSG and the as-
sociated shortcoming and limitations. The 
aforementioned data products are used to 
investigate the performance of most re-

cent regional hindcasts on medium scale 
(6–12 km) and convective-permitting scale 
(2.8 km). In the presentation it is shown 
how well satellite-based radiation fits to 
ground-based measurements. The mod- 
els are analyzed for their performance in 
correctly depicting the radiative daily cy-
cle, which tends to be sensitive to tuning. 
Furthermore, the relationship between 
integrated radiation and the occurrence 
of clouds is investigated for the models 
and observations. It turns out that the 
quality of the simulated spatial fields and 
timeseries highly depends on the resolu-
tion and the level of assimilation. Finally, 
we add to our discussion global reanalysis 
data to put the regional simulations into 
context.



42

Performance evaluation of convection-permitting 
model CCLM with TERRA-URB parametrization to 

reproduce the heat waves of 2003 in Europe

Mario Raffa1, E. Bucchignani1,2, P. Mercogliano1,2

1CMCC Foundation, Capua, Italy; 2C.I.R.A., Italian Aerospace Research Center, Capua, Italy

In the frame of the CORDEX project, the 
FPS-CPS (Flagship Pilot Studies – Convec-
tion Permitting Scales) aims to investigate 
convective-scale events, their processes 
and their changes in a few key regions 
of Europe and the Mediterranean, using 
convection-permitting Regional Climate 
Models. For this purpose, CMCC is car-
rying out a simulation with CCLM includ-
ing TERRA-URB parametrization. This is a 
bulk parameterization scheme including 
prescribed Anthropogenic Heat Flux and 
Impervious Surface Area datasets, offering 
intrinsic representation of the urban phys-
ics with modifications of input data, soil 
module and land atmospheric interactions. 
According to the FPS protocol, the man-
datory domain is centered on the Alpine 

region, at very high resolution of 0.0275° 
(3 km), adopting a nesting strategy based 
on EURO-CORDEX simulations with CCLM 
at 0.11° (12 km) . The evaluation experi-
ment ranges in the period from 1999 to 
2011. The goal of this study is to evaluate 
the performance of the CCLM with urban 
module in capturing the exceptionally long 
and severe summer heat waves of 2003 
over Europe. These phenomena were re-
sponsible for a dramatic excess mortality: 
certainly more than 50 000 excess deaths 
for Europe in August 2003. This analysis 
focuses on the main urban areas of north-
ern Italy to evaluate the impacts of the 
physical model (TERRA-URB) on the urban 
environment that represents a crucial chal-
lenge area in the evolution of climate.
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Regional climate modelling with ICON

Vera Maurer, Christian Steger, Barbara Früh
Deutscher Wetterdienst

Within the project CMIP6-DICAD, we 
are exploring new pathways of region-
al climate modelling. The ICON-model 
provides a completely new infrastructure 
with the possibility for configurations with 
two-way nesting of model domains. For 
numerical weather prediction, ICON is 
running operationally at DWD in such a 
configuration with a global domain of a 
grid-point distance of about 13 km and 
a subdomain for Europe of about 6 km. 
However, the earth-system model config-
uration of ICON (ICON-ESM) uses different 
physics packages for the atmospheric part 
than the operational ICON-NWP. The at-
mospheric physics packages of ICON-ESM 
were adopted from ECHAM, which is the 

atmospheric part of MPI-ESM used for the 
production of climate projections within 
CMIP6-DICAD. The two-way nesting has 
not yet been fully implemented into the 
atmospheric part of ICON-ESM. We com-
pleted this and can use now the atmos-
pheric part of the ICON-ESM for climate 
simulations with a simultaneous running 
global climate model and one or more 
regional subdomains. The new model 
version together with a running example 
will also be made available for other ICON 
users. In this presentation, we will outline 
advantages as well as drawbacks of such 
a model configuration for climate simula-
tions and present first simulations with a 
regional CORDEX-domain.
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Status of ICON-CLM development

Christian Steger, Trang Van Pham, Barbara Früh
Deutscher Wetterdienst

On the 20th of January 2015 ICON 
replaced GME as operational model for 
weather forecast at DWD and in December 
2016 a domain with grid refinement for 
Europe (ICON-EU-Nest) within the global 
ICON replaced COSMO-EU for high-reso-
lution forecasts on the European domain. 
In the second half of 2020 the Limited-Ar-
ea-Mode of ICON (ICON-LAM) will replace 
the high resolution COSMO for the Ger-
man domain and DWD will stop the op-
erational use of the COSMO model after 
15 years. In order to have a state of the 
art tool for climate applications for the up-
coming years, the CLM-Community wants 

to adapt ICON-LAM for regional climate 
applications. DWD started the develop-
ment of ICON-CLM (ICON Climate Limited 
area Mode) in the project ProWas (Projec-
tion Service for Waterways and Shipping) 
– a joint pilot program of several German 
Federal Agencies – to prepare a regular 
federal forecasting and projection service 
about the influence of climate change on 
coastal and waterway traffic. Here, we 
show results from a first test simulation of 
ICON-CLM and present the current status 
of the development as well as the future 
plans.
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Soil and Vegetation
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Urban climate modelling using Local Climate Zones and COSMO 
– TERRA_URB over a tropical city. The case of Kampala, Uganda

Oscar Brousse1, Hendrik Wouters1,2, Matthias Demuzere2, 
Wim Thiery3,4, Jonas van de Walle1, Nicole van Lipzig1

1KU Leuven, Leuven, Belgium; 2Ghent University, Ghent, Belgium; 3ETH Zürich, 

Zürich, Switzerland; 4Vrije Universiteit Brussel, Brussels, Belgium

Kampala, Uganda is one of the most 
populated cities in Subsaharan Africa. Yet, 
one major challenge for modelling its im-
pact relies in the poor data availability for 
parameterization and evaluation of urban 
canopy model simulations. Thus, this study 
first makes use of the Local Climate Zones 
scheme (LCZ; Stewart and Oke, 2012) to 
extract physical and morphological param-
eters following the WUDAPT framework 
(Ching et al; 2018). Applying techniques 
of previous studies (Brousse et al., 2016; 
Wouters et al., 2016; Hammerberg et al., 
2018), the derived urban canopy parame-
ters are extracted and fed into the urban 
canopy model TERRA-URB, embedded in 
the COSMO-CLM model. It was considered 
the best candidate for modelling scarcely 
documented areas due to its simple rep-

resentation of three-dimensional urban 
physics impact on the climate (Brousse 
et al., 2018; Wouters et al., 2016, 2017). 
Then, an evaluation is performed for 10 
extreme clear sky days defined within an 
11-year period (2005–2015) by comparing 
modelled outputs to earth observation da-
tasets from MODIS and Landsat 8 in terms 
of land surface temperature and surface 
urban heat island intensity (SUHI). Finally, 
a detailed analysis of the modelled urban 
impact on air temperature, air humidity 
and wind regimes (lake – land breezes) in 
a tropical environment is performed. The 
simulation setup consists of a one-way 
nesting over two nested domains (12 km 
and 1 km) forced by the ERA-Interim rea-
nalysis dataset.
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The biogeophysical role of European forests: First 
results from the LUCAS FPS multi-model ensemble

Edouard Davin and the LUCAS team
ETH Zürich

The Land Use and Climate Across Scales 
(LUCAS) FPS is a coordinated effort to 
better integrate Land Use and Land Cov-
er Change (LULCC) forcings in regional 
climate change projections. In the first 
phase of the project, idealized experi-
ments over Europe have been performed 
in order to benchmark the RCMs’ sensi-
tivity to extreme LULCC. Namely, two ex-
periments (FOREST and GRASS) have been 
performed with a set of 9 different RCMs. 
The FOREST experiment represents a maxi-
mally forested Europe, while in the GRASS 
experiment trees are entirely replaced by 
grassland. Comparing FOREST and GRASS 
therefore illustrates the theoretical effect 
of a full deforestation over Europe. We 

find a large inter-model spread in the sim-
ulated climate response to deforestation. 
A large part of this spread is attributed 
to the representation of land processes 
rather than atmospheric feedbacks. In-
deed models sharing the same Land Sur-
face Model (LSM) exhibit more similarity 
in their response compared to models 
sharing the same atmospheric model but 
different LSMs. We also find that, in win-
ter, most of the inter-model spread can 
be explained by the magnitude of albedo 
change. In summer, model disagreement 
can be mostly linked to evaporative frac-
tion. Based on these results, we will finally 
discuss the implications and prospect for 
the next phases of LUCAS.
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Impact of soil moisture initialization on the 
convection-permitting COSMO representation of 

heavy precipitation over the Iberian Peninsula

Sebastian Helgert, Samiro Khodayar
Karlsruhe Institute of Technology (KIT), Germany

Soil moisture(SM) has a long memory in 
forcing atmospheric processes and there-
fore acts at both weather and climate 
timescales. Missing knowledge about the 
initial status of SM in weather and climate 
models has been identified as a source of 
uncertainty in the prediction of extreme 
events. A novel satellite-derived SMOS 
1km-SM downscaled product(SMOS-L4) 
offers great opportunities for realistic 
model initialization in convection-permit-
ting resolution. Our aim is to prove the 
potential of high-resolution SMOS initial-
ization for the improvement of the mod-
el representation of heavy precipitation 
events in convection-permitting resolu-
tions. We have developed an initialization 
strategy for the model implementation of 
SMOS data. First, we select the SMOS-L4 

swath product, which has shown the best 
agreement with three available in situ SM 
networks. Then, we correct the bias be-
tween SMOS and the model by applying a 
CDF-matching technique and we estimate 
the root-zone soil moisture using an ex-
ponential filter method. The obtained SM 
profile product shows very good agree-
ment with observations. Verification with 
the SAL method exhibited an improvement 
in amplitude and location of precipitation 
simulations after realistic initialization with 
SMOS-L4. The SMOS initialization simula-
tions reveal a modification of wind circu-
lation, moisture stratification and advec-
tion. These lead to additional triggering 
mechanisms which improve the simulation 
of precipitation compared to control sim-
ulation.
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High Resolution Urban Climate Modelling

Johann Züger
Austrian Institute of Technology, Austria

Regional Climate Models usually work 
at resolutions of app. 10 km. This is insuffi-
cient for addressing the micro-scale effects 
generated in urban environments. For that 
reason high resolution model runs based 
on results from the project reclip:century  
were carried out at the Austrian Institute 
of Technology. This was achieved with 4 
nesting steps at 50 km, 10 km, 4 km, and 
1  km horizontal resolution. The first 3 
runs were performed with the standard 
Regional Climate Model COSMO-CLM 
(cosmo_4.8_19), for the 1km run special 
urban extensions provided by Hendrik 
Wouters were applied. Therefor two addi-
tional input fields are needed: the urban 
fraction (URBAN) and annual-averaged 
anthropogenic heat (AHF, AHE). The high 
resolution model domain represents a 

100x100 km2 square of the Greater Vien-
na Region. The model was evaluated by 
13 measurement stations in and around 
Vienna using ERA40/ERAInterim forcing 
data from 1960 to 2015. Model runs for 
the future climate are based on data from 
the Global Climate Model HadCM3 using 
the IPCC SRES scenario A1B. Although the 
Regional Climate Model Cosmo-CLM has 
a distinct cold bias the temperature pro-
files are significantly enhanced and very 
close to measurements. Compared to the 
4 km run results show a gain in accuracy 
especially in representing urban heat is-
land effects. Further on a few sensitivity 
tests have been carried out using different 
anthropogenic heat emission sources and 
changing the soil sealing in very dens pop-
ulated areas.
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Support and Technical Issues
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Namelist driven, tailor-made on-line diagnostic 
and output control for COSMO-CLM using the 

Modular Earth Submodel System (MESSy)

Astrid Kerkweg1, Mariano Mertens2, Patrick Jöckel2 and Christiane Hofmann1

1Meteorological Institute, University of Bonn; 2Institute of Atmospheric Physics, 

Deutsches Zentrum für Luft- und Raumfahrt, Oberpfaffenhofen

Long-term and/or high resolution simu-
lations with geoscientific models become 
more and more limited by storage space. 
Therefore, on-line diagnostic tools calcu-
lating the target variables directly during 
the model simulation become increasing-
ly important. The CLM working groups 
SUPTECH and CLM-CO realized this need 
as well. One option is to use COSMO-CLM/
MESSy which was developed within the 
CLM-community expanding COSMO-CLM 
by a huge range of on-line diagnostic 
tools, e.g. (1) simple statistics w.r.t. time, 
such as monthly mean, standard devia-
tion, minimum, maximum or event count-
ing, (2) the output on distinct surfaces 
(e.g., pressure levels, PV iso-surfaces), (3) 
output of data along sun-synchronous sat-
ellite orbits or radiosonde tracks, (4) the 

renaming of variables, as e.g. required by 
the CMOR standard, (5) redirection of a 
set of variables into specific output files, 
etc., (6) diagnostics for tracers (e.g. hy-
drological variables). Due to the modular 
MESSy infrastructure, additional tailorma-
de on-line diagnostics can be integrated 
into the model without modifying the 
COSMO-CLM code itself. At the ICCARUS 
meeting 2018, it was decided by the work-
ing groups SUPTECH and CLM-CO that, 
in addition to the official COSMO-CLM 
release, a version of COSMO-CLM/MESSy 
will be provided to the CLM-community 
members. In our presentation we will pro-
vide a general overview of the features of 
the namelist driven diagnostic capabilities 
of COSMO-CLM/MESSy.
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News from COSMO and ICON

Daniel Rieger, Ulrich Schättler, Günther Zängl
Deutscher Wetterdienst

The presentation will provide a broad 
overview on the most important changes, 
development and research activities with 
the COSMO and ICON community. A par-
ticular focus is set on new developments 
and code changes in the COSMO model 
and int2lm. Furthermore, development 
and research activities in the scope of 
COSMO priority projects and priority tasks 

are summarized. With the new priority 
project C2I (Transition of COSMO to ICON) 
experience with the new ICON model in 
its limited area mode (ICON-LAM) will 
be gathered jointly by COSMO and CLM 
members. A brief outline of the scope of 
the priority project and recent develop-
ments in ICON will be presented.
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COSMO-CLM on its way to the next reunification

Burkhardt Rockel
Helmholtz-Zentrum Geesthacht

The COSMO-CLM and INT2LM ver-
sions have not been changed for quite 
a while. The recommended versions 
are COSMO_131108_5.00_clm10 
(at the assembly in Graz 2017 it was 
COSMO_131108_5.00_clm9) and int-
2lm2.0_131101_clm4 (same as it was in 
September 2017 and 2016), respectively. 
On the other hand there are major efforts 
in the COSMO consortium in developing 

COSMO model version 5.x and INT2LM 
2.x. The COSMO model 5.x versions are 
intermediate steps to the next unified ver-
sion 6.0. The roadmap as is was in Sep-
tember 2017 had a milestone for version 
6.0 in September 2018. Unfortunately 
this deadline cannot be kept. In this pres-
entation the status of COSMO-CLM and 
INT2LM and the latest roadmap will be 
presented.
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Post-processing tools for generating project 
compliant climate model output

Fabian Wachsmann, Martin Schupfner, Stephanie Legutke
Deutsches Klimarechenzentrum

Projects like CORDEX define data 
standards in order to facilitate data anal-
ysis across results from different models. 
Since the format of raw climate model 
output may violate the requested stand-
ard, post-processing is often needed to 
convert it into the standard format. The 
German Federal Ministry of Education 
and Research (BMBF) supports the Ger-
man modeling groups in the production 
of quality-assured standard-compliant 
CMIP6/CORDEX data. As one activity, the 
DKRZ supplies the modeling groups with a 
web GUI including five tools for the gen-
eration of post-processing components. 1. 
A custom data request (DReq) generator 
and a 2. volume estimator based on Mar-

tin Juckes’ DreqPy API. 3. The user may 
specify how to convert raw data variables 
into target variables of the DReq including 
diagnostic algorithms in a data base called 
mapping table. 4. Two Post-processing 
script fragments built from the mapping 
table content are provided. The script frag-
ments apply the CDO tool kit developed at 
the Max-Planck-Institut for Meteorology. 
The rewriting part uses the cmor operator 
recently developed at DKRZ and based on 
the CMOR libraries (Climate Model Output 
Rewriter). 5. A meta data table needed for 
the cmor operator can be created with the 
help of a Web GUI based on the project 
controlled vocabulary (CV).
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