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ICON land-surface processes

and physiographic data

Soil & External Parameters



Motivation
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EXTPAR

Physiographic data
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• ExtPar software generates external parameters for weather and climate models

COSMO, HRM, and ICON.

• It can transform raw data into domain-specific data files on UNIX or Linux systems.

• For ICON, ExtPar outputs specific fields in the NetCDF and GRIB2 formats on the

native triangular grid.

• The tool can be accessed via the ICON grid generator web service, and some external 

parameter files for the ICON model are available for download.

• The HSURF dataset in the external parameter files provides topography information, 

but it is not identical to the topography data used by the model because it is optionally

filtered by a smoothing operator at start-up.

• For post-processing purposes, it is necessary to use the topography height from the

model output and some other fields, which are unconditionally modified by ICON.

Summary - EXTPAR 
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TERRA

Land-surface model
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TERRA – Energy budget
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• Skin temperature formulation (Viterbo and Beljaars, 1995) was implemented (Schulz and Vogel, 2020) in TERRA 

to improve systematic model deficiencies (underestimated diurnal temperature range at the surface)

• Skin temperature formulation comprises a canopy description of intermediate level of complexity

Änderungsmitteilung operationelles NWV-System 2020-05-19

The behavior of an equation is determined by the parameter Λsk, the skin layer conductivity.

• Small values of Λsk describe a weak coupling, allowing for Tsk to have a considerably larger diurnal cycle than Ts. This 

can cause leaves to become warmer during the day and cooler at night

• In the current implementation of the skin temperature formulation in TERRA, grid elements covered with snow are

excluded



J. Helmert et al. : FE14 : DWD – 05/2025

Snow 

G. Balsamo, 2007

• Insulation effect: Decoupling of soil from atmosphere
(30%-90% of the snow mantle is air)

• Albedo Effect: Higher albedo than any other natural
surface (0.4-0.85 for bare ground/low vegetation, 0.2-0.33 
for snow in forests)

• Snow melting prevents rise of surface temperature above
0°C for a long period in spring – impact on hydrological
cycle and energy budget at surface

Snow Model

• One layer – prognostic variables : snow temperature, snow 
water equivalent, snow density, snow albedo

• Multi-layer – Vertical profiles in snow pack; considers 
equations for the snow albedo, snow temperature, density, 
total water content and content of liquid water. Therefore 
phase transitions in the snow pack are included.
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Thermal processes for snow

Evolution of the snow temperature

Heatflux through the snow

Surface forcing

Snow 
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• ‘Old’ tuning measure introduced several years ago: Artificial 

reduction of snow-cover fraction of melting snow, creating a 

snow-free tile or enhancing its fractional area

• New: Parameterization of temperature difference between 

snow and dark vegetation elements depending on differential 

radiation absorption and saturation deficit

• Further developed variant of evaporation tuning using (in 

addition) snow age and maximum snow depth during snow 

accumulation period to parameterize the difference between 

the accumulation phase and the melting phase

G. Zängl, ICCARUS, 2019

Snow 
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TERRA – Water budget
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Hydrological processes

TERRA – Water budget
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Hydrological processes

Interception store

Snow store

Soil water

Soil ice

TERRA – Water budget
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Evolution of the soil liquid water fraction

Richards equation 

for the water flux

Hydraulic diffusivity and conductivity are soil type dependent

TERRA – Water budget
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(Ament, 2006)

TERRA – Water budget

(G. Zängl, 2017)
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• TERRA is a component of the ICON model responsible for the exchange of

heat, moisture, and momentum between land surface and atmosphere. 

• It establishes the lower boundary condition for the atmospheric circulation

model and considers the energy and water budget at the land surface. 

• TERRA uses a multi-layer concept for the soil and considers physical

processes such as radiation, biophysical control of evapotranspiration, and heat

and soil-water transport.

• It also offers a one-layer snow model and a multi-layer snow model option. 

• The tile approach is used to calculate proper cell-averaged surface fluxes in the

case of large subgrid variations in surface characteristics. 

Summary - TERRA 
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