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Key task for parametrization 

courtesy to Anton Beljaars 

Radiative transfer 

Land/Sea surface characteristics 

Transfer of heat, moisture and momentum 
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 Parametrization schemes express the effect of subgrid/subscale 
processes on resolved variables – solving the closure problem 

 



TERRA - Structure 
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TERRA – Water budget 
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TERRA – Energy budget 
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Recent improvements 

 Add option for predicting an additional snow density for the upper partof 

the snow pack in the case of the single-layer snow scheme 

 

 Bug fix for ISBA bare soil evaporation scheme in TERRA 

 

 Fix for evaporation limiter at wilting point in order to avoid oscillations 

 

 Reduction of soil heat capacity in the presence of roots 

 

 Fixes for numerical stability problems in TERRA: improved limitation of 

transfer coefficient, and limitation of qv_s to qsat(t_g) 

 

 Fix for potential numerical instability in TERRA: reset snow temperature 

to soil top temperature at the time step when a grid point starts to 

become snow-covered 

 

 Revision of snow cover fraction diagnosis for snow tiles 

 

 Minor modification of snow aging parameterization 

 

 

 

 

 

 



Current developments 

 Canopy scheme in TERRA 

 

 Heat conductivity for dry soil 

 

 Bare soil evaporation 

 

 Plant interception  

 

 Fix sub-surface runoff 
 

 

 

 

 

 

 

 

 



Outlook – Vegetation layer 

Author  Michael Fiegle, Hainich, 2007 

Solar radiation Thermal radiation Sensible heat Latent heat 



Outlook – Vegetation layer 

Author  Michael Fiegle, Hainich, 2007 

Thermal radiation Sensible heat Latent heat 

Thermal processes 

 Evolution of the soil temperature 

 Evolution of the soil temperature layer 1 

 Surface forcing 



Outlook – Vegetation layer 

Solar radiation Thermal radiation Sensible heat Latent heat 

By 4028mdk09 (Own work) [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons 



Outlook – Vegetation layer 

Solar radiation Thermal radiation Sensible heat Latent heat 

By Richard Schröder (Own work) [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC-BY-SA-3.0 

(http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia Commons 



Canopy model 
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Canopy model 
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Canopy model 

according to Verseghy et al., 1993  
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Canopy model - Radiation 

Sky-view fraction 
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Canopy model – turb. fluxes 

0.01-0.03 

0.03-0.09 

0.09-0.27 

0.27-0.81 

7.29-21.87 

0.00-0.01 

…… …… 

Sensible Heat 

Latent Heat 

• Evapotranspiration at canopy level 

• Using canopy temperature for potential evaporation 

• Bare-soil evaporation at surface 

Atmospheric resistances 

Braden, Harald, 1995: The model 

AMBETI - A detailed description of a 

soil-plant-atmosphere model 



Canopy model – turb. fluxes 
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Atmospheric resistances 

Braden, Harald, 1995: The model AMBETI - A detailed 

description of a soil-plant-atmosphere model 



Canopy model – Experiment 

COSMO V5.03 test with  Canopy scheme 

for 2015-08-29 00:00 vv=0-72  

By Richard Schröder (Own work) [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC-BY-

SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia Commons 
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Canopy model – Experiment 
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Current restrictions: 



Canopy experiment 

Sky view fraction for 2015-08-29 00:00 

RAO Forest site 

Desert site 



Canopy experiment 

Total cloud coverage for 2015-08-29 12:00 



Canopy experiment 

Comparison of canopy temperature and ground temperature (routi) for 2015-08-29 12:00 



Canopy experiment 

Comparison of canopy temperature and ground temperature (exp) for 2015-08-29 12:00 



Canopy experiment 

Comparison of canopy temperature and ground temperature (exp) for 2015-08-29 12:00 



Validation: Forest site of the RAO 

TAI = 3.12 

SVF= 0.21 



Validation: Forest site of the RAO 



Validation: Forest site of the RAO 



Validation: Forest site of the RAO 



 Desert site 

TAI = 0.02 

SVF= 0.99 



 Desert site 



 Desert site 



Summary 

 First steps for implementation of a canopy scheme in 

COSMO 

 

 Energy budget for canopy and vegetation floor 

 

 Prognostic canopy temperature exists 

 

 Atmospheric resistances parameterized  

 

 First results as expected, but still some limitations 

 

 Next steps: connection with the transfer scheme, 

experiments with snow 
 

 

 

 

 

 

 



Outlook 

 Implementation in the global NWP model ICON: Main 

focus on boreal forest areas in NH winter 

 

 Application in the project “Data assimilation including 

parameter estimation in the coupled land-atmosphere 

system” funded by Hans-Ertel-Zentrum für 

Wetterforschung 

 

 Application in the power-grid safety project ORKA2  
 

 

 

 

 

 

 



   NWP and Climate models: e.g. ICON R02B07 13 km,  

                                                                            CDE 2.5 km 
Orography 

GLOBE: 1 km 

ASTER: 0.03 km 

 

Soil data 

DSMW: 10 km 

HWSD:  1 km 

Land use 

GLC2000 1 km 

GLCC  1 km 

GlobCover 0.3 km 

Physiographic data 
B. Ritter 

Aerosols: 500 km 

NDVI: 5 km 

Lake: 1 km 

Surface albedo: 5 km 

T2M climatology: 50/500 km  

Physiographic data on model 

grid 

ExtPar 
Physiographic 

data 



EXTPAR V2.4 

S06-079 H. Wouters et al.: Development Version 

(DV) release of TERRA_URB in COSMO(-CLM), 

overview and sensitivity to urban input parameters. 

Impervious surface area 

Anthropogenic heat flux 



GLOBE Orography 

EXTPAR V2.5 



EXTPAR V2.X 

 

 

 

- High-resolution ICON domains are demanding for computational 

time and memory usage 

 

- EXTPAR still uses OpenMP: limited on one node 

 

- MPI improves memory usage in large clusters 

 

- MPI is now implemented 

 

- First preleminary results are promising (high resolution fields, e.g. 

R2B14, scaling, comparability)  

 

- Now integration into EXTPAR preV2.6 

 

 

 

 

MPI Parallelization by M. Pondkule 


