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Dawn of the COSMO-Model 

CLM Assembly 2021 314.10.2021



 In the 90ies DWD had two operational NWP 

models:

 GM: a global model based on IFS from ECMWF.

 EM/DM: regional hydrostatic grid point model.

 Soon after the operationalization of the high-

resolution „Deutschland-Modell“, several

workshops were organized with participation from
different modeling groups (universities, research

institutes) to define requirements for a new non-

hydrostatic regional NWP model.
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First Plans for a Non-Hydrostatic Regional Model



Development of the „Lokal-Modell“

 The decision was taken to develop a non-hydrostatic model using the full compressible basic equations with a 

dynamical time stepping according to Skamarock and Klemp (1994) (similar to MM5).

 (Some of the) Basic Requirements:

Regional NWP model for central Europe (but global re-locatable).

Research Model for resolutions from 1 m to 10 km.

Urban climate model with resolution < 50 m.

 Programming Requirements:

To run LM as NWP model, a computer with about 0.2 TFlop/s is needed.

Most probably with massive parallel processors (MPP) and distributed memory.

Use standard FORTRAN (90) as far as possible.
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The First Working Version (1995/96)

 A first prototype was based on the hydrostatic EM/DM System.

 The hydrostatic dynamical core of EM/DM was replaced by the split-
explicit time stepping for the full compressible equations.

 In the beginning, the physical parameterizations from the EM/DM 

were used.

 Programming Environment:

Cray YMP with 4 processors and shared memory.

Cray Fortran 77 (already with dynamic memory management,         
but no standard).

Code was vectorized for YMP (inherited from EM/DM).

 Although it had a similar dynamical core, it was NOT a copy of the

MM5!
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Cray YMP at DWD in the 90ies

Peak Performance: 1.2 GFlop/s



 Parallel to the COSMO-Model, a new global 

model was developed at DWD, the GME: based

on the dynamics and physics of EM/DM, but 

working on an icosahedral grid.

 Start of operational forecasts of GME and LM on 

December, 1st, 1999, on a Cray T3E.
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Towards Operational Forecasting

Cray T3E at DWD end of the 90ies

Peak Performance: 979 GFlop/s



A Strategic Goal: Cooperation

„Key Priority at DWD“
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(Prof. Sarah Jones in her Welcome Address for ICCARUS 2021)



First Contacts

 For the development of the LM we asked for national and international cooperations to share know-

how and expertise.

 Participation to the first workshops by Universities of Bonn, Hamburg, Hannover, Karlsruhe, Köln, 

Leipzig, Mainz, AWI Bremerhaven, DLR Oberpfaffenhofen, HZG (former GKSS) Geesthacht, KIT 

(former IMK) Karlsruhe, PIK Potsdam, Tropos (former IfT) Leipzig, GeoPhys, MCH (former SMA) 

Zürich.

 Cooperations could be started with some institutes.

 The University of Bonn was the first institute to install a prototype of the „standard“ LM in 1998.

 At the same time first considerations for a climate version already exist.
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 Based on the collaboration of DWD and MCH, 

Italy (ARPA Bologna) and Greece were interested

in further usage and development of the LM.

 This was the beginning of COSMO.

 A first „General Meeting“ was held in Bologna 

from 23-25 September 1999, which consisted of
„Work Package Reports“ and „Plenum 

Discussions“.

 About 10 years later LM has been renamed

COSMO-Model.
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COnsortium for Small scale MOdeling



 In the European SRNWP framework, DWD 

became the „Lead Center for Non-Hydrostatic

Modelling“ and started a series of workshops in 

March 1996.

 As a visiting lecturer at the University of Bonn, 

Jürgen Steppeler organized a first „LM Nutzer 

Seminar“ in Langen in June 2000.

 This became a yearly tradition now known as

ICCARUS.

 Contributions in the first seminar were mainly by

„experienced scientists“, but soon the majority of

contributions were by students.
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Workshops and Seminars



 After the User Seminar in 2002, the first practical

training was organized.
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NWP Training



 Over several years KIT Karlsruhe developed ART, the

„Aerosol and Reactive Trace gases“. 

 Initially, ART was online coupled to KAMM, but later the

COSMO-Model has been used (as development for

KAMM was stopped).

 COSMO-ART has been established as a widely used

tool to treat secondary aerosols, directly emitted 

components like soot, mineral dust, sea salt and 

biological material as pollen.

 It is available since COSMO-Model version 4.9 (June 

2009).
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COSMO-ART

Eruption of the unpronounceable volcano in Island.

COSMO-ART simulation



COSMO Licensees

 About 20 years ago the „Workstation Version“ of the EM/DM system has been

provided as HRM to several national weather services.

 Between 2010 and 2014 these partners migrated to the COSMO-Model.
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 The original LM development team started a 

major work to write comprehensive scientific

documentations and user guides.

 Also the ongoing work is documented now in form 

of Newsletters and Technical Reports.

 We also made efforts to document the ongoing

development work.

 http://www.cosmo-model.org/content/ 

model/releases/developments.htm

 But we realize that there is much room for

improvement!

14.10.2021 CLM Assembly 2021 15

Necessary Condition for Cooperations Documentation

Günther Doms:   20.06.2004

Father of the COSMO-Model
and its documentation.

http://www.cosmo-model.org/content/model/releases/developments.htm


Towards a

Regional Climate Model
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At a Glance

„The history of the CLM Community started in 2004, 

when colleagues from PIK, GKSS and BTU Cottbus 

presented the first version of the Climate Local Model 

(CLM) and invited all scientists to build a network

aiming to develop the CLM systematically, to
coordinate their activities and to use the computational

resources effectively. The CLM-community was born.“
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From: „History of the CLM-Community“

https://wiki.coast.hzg.de/clmcom/history-119570580.html



Where It All Began

 Potsdam, October 1998: Expert Discussions on LM.

 At PIK Potsdam and Meteorological Observatory 
Potsdam.

 No more records available.

14.10.2021 CLM Assembly 2021 18

Glienicker Bridge, Potsdam



Workshops on Next Generation Regional Models
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 Ambitioned plans for next generation model

 Replacing REMO with LM?



 First mention of „CLM“.

 Only one participant from MPI-M Hamburg.

 No more reference to ECHAM physics.

 Planning of longer simulation runs.
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Workshops on Next Generation Regional Models



 Workshop to plan a version unification 4.0 (LM 3.16 and CLM 2.4.1).

 First meeting of Andreas Will and Uli Schättler.

 Among other things: Who is interested to take part in the LM Tutorials?

 No more participation from MPI-M Hamburg.
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„Arbeitstreffen“ September 2005: „Versionsabgleich“



A Special Meeting on LM / CLM Dynamics: August 2006
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 CLM simulations showed a dependence on short and long time step

for Leapfrog.

 CLM colleagues were very imaginative to describe the situations:

 dt=90s: The Shower (self explanatory)

 dt=75s: The day after tomorrow („we successfully simulated the

day after tomorrow for dts=18s. An inbreak of cold upper

tropospheric air … is followed by cyclogenesis and strong 
precipitation.“)

 To convince DWD colleagues that these problems are not due to

special CLM settings, I could show similar problems with standard
DWD setup (animations on the right).

 As far as I remember, this problem could not be solved. All dynamical

time stepping methods have a certain „area of instability“.



CLM Community

„Independence Day“

 In 2006 the „Community Agreement“ was formulated and CLM could distribute the model code without further
DWD acceptance.

 With that, the CLM Community got an administrative independence and had „grown up“.

CLM Assemblies

 CLM scientists already took part in the early DWD User Seminars in Langen.

 On 09./10. March 2006, they hold the first Assembly just after the User Seminar.

 From 2009 on, the Assemblies were organized as extra Meetings (first one in Karlsruhe).

The COSMO Coordinator

 In 2010 a new position was created at DWD to better support all COSMO partners and the CLM Community.

 Uli Blahak and Daniel Rieger perfectly filled this role.
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The Success of COSMO and CLM
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A SWOT Analysis for COSMO

Strengths

 Usable community model

 Basic model documentation exists

 Basic support available
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Weaknesses

 Documentation of many details
nevertheless is missing

 Many developments took too long

 Feedback mechanism „forecast – model

development“ could have been more

efficient

Opportunities

 Bring together users and scientists
from all over the world

Threats

 Better models (ICON)



The Success Story

 From the CLM Community homepage:

If you want to go fast, go alone. If you want to go far, go together.   (African proverb)

 A former director of SMHI (swedish met service):

Not institutions are working together, but people. (Citation from memory)

 COSMO and CLM really brought together scientists from all over the world!

 Going fast is not always desirable.

 But we have come a long way.
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And COSMO could share with CLM …



The COSMO Spirit
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It is difficult

to predict

especially

the future.

And we have

only just begun…


