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Outline

• Work finished in 2015:• Work finished in 2015:

• Redesign of 3D diffusion

• Other work/Bug fixes in the Runge-Kutta (RK) dynamical core

• Ongoing developments:

• Higher Order Spatial Schemes for the COSMO Model (RK)

• PP CELO: operationalisation of COSMO-EULAG

• Plans:
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• Plans:

• New PP CDIC: first steps in the transition to the ICON model



 

diffusion equation - scalar flux divergence:
terrain following coordinates vertical

Increase of numerical stability in the diffusion sc heme 
for 3D turbulence
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diffusion flux vector for a scalar:

earth curvature

terrain following coordinates vertical

horizontal
(cartesian)

ρρρρ

analogous:
‚vectorial‘ diffusion of u, v, w

Baldauf (2005), COSMO-Newsl. No. 5



 

Increase of numerical stability in the diffusion scheme fo r 3D turbulence

• The old implementation was not stable in steep terrain

• Stability analysis indicates that 3D diffusion in terrain following coordinates
may be stable in arbitrary steep terrain if

• use as many terms as possible in the tridiagonal solver

• some off-centering

• � new implementation of the 3D diffusion was necessary.

• Testing by idealised tests with known analytic solution successfully carried out 
both for scalar diffusion (Baldauf, 2005) and vector diffusion (new!)

• New implementation runs stable in real case simulations
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• New implementation runs stable in real case simulations

• Available in COSMO 5.3

• Remark: not used operationally, since 3D diffusion effects probably only
relevant for ∆x < O(1 km)

• Publication:  Baldauf, Brdar (in prep. for QJRMS)



 

Stability analysis of 3D vector diffusion in tilted  terrain: max C diff ~∆∆∆∆t

vertically implicit treatment of all 
possible terms,

vertically implicit, only ‚pure‘ z-deriv,
possible terms,
off-centering=0.7  (COSMO 5.3)

vertically implicit, only ‚pure‘ z-deriv,
off-centering=0.7 (=old COSMO)
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similar stability properties for scalar diffusion
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= tan α = tan α~20°



timesteps

Scalar diffusion test
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analytic solution:  solid lines
COSMO solution: colors + dashed lines



timesteps

Scalar diffusion test
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analytic solution:  solid lines
COSMO solution: colors + dashed lines



Scalar diffusion test
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max slope ~ 2.3 ~ 67°

the run with only one vertical implicit term 
(=old COSMO version) became unstable!



Scalar diffusion test
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for comparison: 
3D diffusion without metric terms



 

Real case: ‚12 May 2015, 06 UTC run‘, COSMO-D2, gus ts 

with 3D diffusion difference to 1D diffusion 
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• New explicit sedimentation scheme for the 2-moment cloud microphysics 
scheme, mitigating problems with rainrate spikes for longer time steps,

… further work done in/for WG2

scheme, mitigating problems with rainrate spikes for longer time steps,
Motivation: explicit sedimentation locally unstable for higher Courant 

numbers,
semi-implicit scheme is (currently) not efficient enough,

available in COSMO 5.3 (U. Blahak, DWD)

• (again) Reformulation of divergence damping coeff . in the new fast waves 
solver (M. Baldauf (DWD), G. deMorsier (MeteoCH))

• Bug fix in the ‚targeted diffusion to avoid cold pools ‘ (A. Arteaga, MeteoCH)
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• Bug fix in the ‚targeted diffusion to avoid cold pools ‘ (A. Arteaga, MeteoCH)
� roughly this halves the strength of the diffusion
(retuning of diffusion coefficient necessary?)

• 'targeted diffusion … ' now also avoids ‚hot pools‘ (O. Fuhrer, MeteoCH)
� COSMO 5.1.1



 

Alternative Discretization of the Advection operator

Higher Order Spatial Schemes for the COSMO Model

A. Will, J. Ogaja (Univ. Cottbus)

4th order discretization for the velocity advection in a staggered grid:

centered averaging operators: centered difference derivation operators:Definitions:
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Kinetic energy conserving discretization (Morinishi et al. (1998))

Analogous: 4th order operators for horizontal pressure gradient and divergence



 

Morinishi et al. (1998) - spatial discretisation 

A. Will, J. Ogaja (Univ. Cottbus)

main results:main results:

• power spectrum of kinetic 
energy (here: annual (for 1979) and 
meridional mean for 3-6 km layer)
� almost no reduction by the new
scheme at small wavelengths!

• climate runs over several years 
stable without artificial horizontal 
diffusion!
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diffusion!

Linear stability analysis of this new 
discretization does not show 
drawbacks!

(from Ogaja, Will, subm. to MetZ)



 

however: strong reduction of the convective precipitation part

difference in convective difference in convective 
precipitation part for month July 
during 1979-1983 between
new scheme S4p4 and current RK 
dynamical core.
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Conclusion:
Probably a readjustment of some 
parameterizations is necessary

(from Ogaja, Will, subm to MetZ)



 

Project extension: 
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Project extension: 
additionally to the anelastic equations (Lipps, Hemler, 1982) 
and the dry pseudo-incompressible equations (Durran, 1989), 
now the compressible, non-hydrostatic Euler equations will be available, 
too.  
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Project Leader: Michael Baldauf (DWD)

New priority project:  ‚Comparison of the 
dynamical cores of ICON and COSMO’ (CDIC)

Project Leader: Michael Baldauf (DWD)

• Task 1: Good performance on a standard set of idealized test cases

• Task 2: Ability to handle real-/semi-idealised cases reasonably well

• Task 3:  Scalability/Performance suitable for operations as well as for 
future supercomputing platforms

• Task 4: Identification of differences in dynamical core formulations and 
their assessment
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their assessment

• Task 5:  Suitability of ICON dynamical core for other applications than 
NWP (climate, chemistry, ...) compared to the COSMO model

Project duration: 2016-2017


