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Motivation

Global soil properties

• large variability in space

• small temporal variability

• very different physical and 
chemical properties

Challenge for soil models to 
capture the main features of 

the soil at every gridpoint



IFS hydraulic properties

IFS documentation

Conductivity m/sDiffusivity m 2/s

TESSEL loam TESSEL loam



Example - IFS



Motivation

1 yr, T159 ~125 km, daily specified SST



Soil vegetation processes in 
TERRA
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External parameter –
model configuration
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resolution of raw data set higher than target model grid

resolution of raw data set lower than target model grid



Soil data sets

FAO Digital Soil Map of the World (DSMW): Resolution 0. 083°

Options:

• Textures, e.g. coarse, medium, fine – 9 TERRA soiltype s

• 135 soil units – Pedotransfer functions for physical soil pa rameters

Harmonized World Soil Database (HWSD): Resolution 0.0 083°

Options:

• Textures, e.g. coarse, medium, fine – 9 TERRA soiltype s

• 16102 soil units – Pedotransfer functions for physical soil param eters



Retrieval of TERRA soil properties
Option I
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Retrieval of TERRA soil properties
Option II

Soil data set

Fractions of
sand, silt, clay, 
organic matter; 
soil bulk density
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density
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FAO-DSMW – Option I



Soil properties – Option I



Soil properties – Option I

COSMO parameterisations based on soil type:

Soil hydraulic transport – Rijtema scheme

Soil heat transport

Bare soil evaporation (BATS - Dickinson)

Bare soil albedo



HWSD: Soil Units – Option II



HWSD: Soil Units – Option II



Soil properties – Option II

COSMO parameterisations based on 
fractions of soil components :

Soil water freezing

Soil hydraulic transport – van Genuchten scheme

Soil heat transport – Peters-Lidard scheme

Bare soil evaporation - Noilhan and Platon

Bare soil albedo – MODIS background albedo



Soil properties – Option II

Pedotransfer functions

• based on soil bulk density and contents of clay, silt, o rganic matter
• first, consider topsoil dataset (0-30cm)



FAO – sand fraction



HWSD – sand fraction



FAO – clay fraction



HWSD – clay fraction



FAO – pore volume



HWSD – pore volume



FAO – plant wilting point



HWSD – plant wilting point



FAO – hydraul. conductivity



HWSD – hydraul. conductivity



FAO – hydraul. conductivity
model resolution: 2.8 km



HWSD – hydraul. conductivity
model resolution: 2.8 km



Conclusions

Benefits of the new approach for soil data in TERRA

- increase horizontal heterogeneity of soils in the model
domain

- independend of underlying soil data base – allows use
of other data sets

- reliable way to retrieve physical soil parameters

- comparable to other global NWP models (IFS, UM)

- potential to improve model forecasts in some regions
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External parameter –
model configuration



Last, but not least ...

New namelist parameter

itype_soil = 1.OR.2

itype_soil = 2 replacement for

itype_evsl = 3
itype_heatcond = 2
itype_albedo = 3



Thank you
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Soil water transport
Rijtema model in TERRA

soil water change soil water flux, Richards equation

soil water diffusivity, Rijtema (1969)

soil water conductivity, Rijtema (1969)



soil water change soil water flux, Richards equation

Soil water transport
van Genuchten model



soil water change soil water flux, Richards equation

Soil water transport
van Genuchten model

Determination of required soil parameters



Soil properties – Option 1



Hydraulic properties

IFS documentation

Conductivity m/sDiffusivity m 2/s



Hydraulic properties

Conductivity m/sDiffusivity m 2/s


