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Introduction
Knowledge of soil is essential for meteorological, 
climatological, agronomic and hydrological 

applications. The properties of soil can have a 

significant impact on near surface temperature and 
humidity, low clouds and precipitation by influencing 

the exchange of heat and water between the land 
surface and the atmosphere. 

The soil hydraulic properties affect the soils ability to 
hold water and the rate at which water moves through 

the soil. The soil moisture together with the soil 
hydraulic properties control transpiration from plants 

and direct evaporation from bare soil. Also, the soil 

thermal conductivity and heat capacity both depend on 
soil moisture and soil texture, so that these properties 

in turn influence the land surface temperature. Thus, 
soil moisture and the soil physical properties control the 

partitioning of net surface radiation into sensible, latent 

and ground heat fluxes.

Soil Hydraulic Properties
The Unified Model (UM) has three soil textural types; coarse, medium and fine. The soil hydraulic properties are calculated using the Cosby et al (1984) 
regression relationships from the soil sand/silt/clay fractions. The sand/silt/clay fractions are derived from the 1°x 1°soil classes data of Wilson and Henderson-

Sellers. The Clapp and Hornberger equations  are used to describe the soil water retention curve and the relationship between soil moisture and soil hydraulic 

conductivity.

In early 2007, a long-standing error was found in the way that Met Office programs use the Cosby et al (1984) equations to calculate the soil hydraulic 
parameters. At the time, it was thought that this error might significantly contribute to the summer warm bias of the global Unified Model. Correcting the error 

causes a large change to the UM soil hydraulic properties, as shown in tables 1 and 2. Note the order of magnitude increase in SATHH (soil suction at 

saturation) and the large increase to Θc - Θw of the medium soil type. The  new values of SATHH are now in much better agreement with observations (for 
example see Table 2 of Clapp and Hornberger, 1978). Note that the UM sand/silt/clay fractions have not been changed.
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Hydraulic properties, for the three UM soil textural types. SATHH is the soil suction at saturation, Ks is the hydraulic conductivity at saturation, 
the critical point Θc is the volumetric soil moisture for a soil suction of 3.364 m, the wilting point Θw is the volumetric soil moisture for a soil 
suction of 152.9 m.

Soil Thermal Conductivity
Anne Verhoef and Pier Luigi Vidale at Reading University have suggested that the old UM parameterisation predicts too low values of soil thermal conductivity and that parameterisations based on Johansen (1975) are 

more accurate. See also the poster/abstract 'Land surface - atmosphere coupling strength in GCMs: the impact of soil physics’.
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Clay soil type
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obs Clay

Sand soil type − frozen soil
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Clay soil type − frozen soil
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Operational Implementation
The improved UM soil physical properties were 

implemented operationally in the global UM, the 
North Atlantic European (NAE) and United 

Kingdom 4km (UK4) models at Parallel Suite 18 
(PS18) that started mid-February 2008 and 

became operational at the start of April 2008. 

PS18 shows that all models benefit significantly 
from the new UM soil physical properties. 

Operational verification shows that there has been 

a clear improvement in operational UM forecasts 

of screen temperature and relative humidity since 
April 2008 and that the operational UM 

performance for screen temperature forecasts is 
now as good as, or better than, other leading NWP 

centres. The magnitude of the improvement seen 

in the operational verification is similar to the 
magnitude of the improvement shown by the pre-

operational trials. The biggest improvements are 
at the longer forecast times and for the extra-

tropics winter hemisphere.

Recent Work
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New high resolution soil properties:
Comparison of the wilting points

Coarse Medium Fine

Current soil properties based on 1 degree x 1 degree 
data of Wilson and Henderson-Sellers (1985).

New soil properties based on the soil sand, silt, clay 
and organic carbon data from the Harmonised World 
Soil Database (HWSD, 2008) and other sources. 
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Global trial to examine impact of assimilation 
of ASCAT soil wetness measurements

• Control

• One m onth NH su mmer trial, run from 24 June 2 009 to 24 July 2009.

• Sam e co nfig uration as the op erational Met Office  glo bal Unified Model (UM) dur ing July 2009.

• ~40 km hor izontal resolution, 50 atmospheric vertical levels.

• 4DVAR atm osp heric data assimilation.

• 4 Soil laye rs: 0-1 0cm , 10-35 cm, 35cm -1m, 1 m-3m . Flow bet ween layers is calculate d 
accord ing to the Da rcy-Richards equa tion s. La nd surface model uses the same scie nce as 
Jules.

• Observations of screen temperature a nd humidity are used to n udge the m odel soil moistu re 
in all soil laye rs.

• Test

• Sam e as con trol exce pt we also use ASCAT soil wetne ss measurements to nud ge the mod el top  
level soil moist ure.

• We qualit y contro l (QC) th e ASCAT soil wetne ss data.

• Where t here is ASCAT soil wetness data, which passes the QC, it repla ces the models 
existing  level 1 soil m oisture . That is, in this te st run, the ASC AT da ta is given full weighting. 
However, the we ighting given to th e ASCAT data is u ser controlled by a Fo rtran namelist
paramet er and  so can b e reduced in a f uture tr ia l.

• The test run still uses ob servatio ns of  scre en temperature  and humidity to also  nudge the 
model soil moistu re in all soil la yers. This nudging is pe rformed first and t he  ASCAT nudging 
is perf ormed  second.
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Assimilation of ASCAT soil wetness
W ork by Imtiaz Dharssi , K eir B ovis, B ruce Macphers on  and Cl ive  Jones

Tropics: RMS errors in screen T and RH
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Australia: RMS errors in screen T and RH

Screen Relative Humidity

Control Test with ASCAT soil 
wetness assimilation
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North America: RMS errors in screen T and 

RH

Screen Relative Humidity

Control Test with ASCAT soil 
wetness assimilation
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Difference in time averaged Unified Model top 
level volumetric soil moisture between the test 
and control

Volumetric soil moisture (m^3/m^3)

References
Clapp, R. and G. Hornberger (1978). Empirical equations for some soil hydraulic properties. Water resources research, 14, 601-604. 

Cosby, B., G. Hornberger, R. Clapp and T. Ginn (1984). A statistical exploration of the relationships of soil moisture characteristics to the physical properties of soils. Water resources research, 20, 682-690.

FAO/IIASA/ISRIC/ISS-CAS/JRC, 2008. Harmonised world soil database (version 1.0). FAO, Rome, Italy and IIASA, Laxenburg, Austria.
Johansen, O. (1975). Thermal conductivity of soils. Ph.D. thesis. University of Trondheim, Norway.
Wilson, M. F. and A. Henderson-Sellers  (1985). A global archive of land cover and soils data for use in general circulation models. Journal of Climatology 5, 119-143.

New Soil Properties + Multi-layer 
Photosynthesis Scheme


