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Community Land Model (CLM 4.5)
- Surface energy and water balance

4. November 2014 3http://www.cesm.ucar.edu/models/clm
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Remote Sensing of Land Surface
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Land Surface Temperature (LST) Assimilation

 Advantages
 High spatial resolution (~4 km)
 High temporal resolution (hourly ~ daily)
 High accuracy

 Disadvantages
 No memory of LST
 Diurnal cycle

4. November 2014 5
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Background
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is the solar radiation absorbed by the vegetation 

is the net longwave radiation absorbed by vegetation

are the sensible and latent heat fluxes from vegetation 

The heat flux into the soil surface from the overlying atmosphere 

݄ ൌ Ԧܵ௦௢௜௟ ൅ ௦௢௜௟ܮ െ ௦௢௜௟ܪ െ λܧ௦௢௜௟

is the solar radiation absorbed by top soil,
is the longwave radiation absorbed by soil, 

is the sensible heat flux from soil

is the latent heat flux from soil

∆ ௦ܶ௢௜௟ ൌ ݂ሺ݄ሻ/െλ

Ԧܵ௦௢௜௟
௦௢௜௟ܮ

௦௢௜௟ܪ
λܧ௦௢௜௟

Ԧܵ௩

௩ܮ

,௩ܪ λ௩௔௣ܧ௩

(1)

(2)

(3)
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Sensitivity of Sensible and Latent Heat Flux

 Hou, Z. S., et al. (2012). "Sensitivity of surface flux simulations to 
hydrologic parameters based on an uncertainty quantification 
framework applied to the Community Land Model." Journal of 
Geophysical Research-Atmospheres 117.

 Bonan, G. B., et al. (2011). "Improving canopy processes in the 
Community Land Model version 4 (CLM4) using global flux fields 
empirically inferred from FLUXNET data." Journal of Geophysical 
Research-Biogeosciences 116.

 Schwinger, J., et al. (2010). "Sensitivity of Latent Heat Fluxes to 
Initial Values and Parameters of a Land-Surface Model." Vadose
Zone Journal 9(4): 984-1001.
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Objective

 Assimilate the MODIS LST products to improve predictions 
with the land surface model CLM through updating the 
following variables:
 Leaf Area Index - LAI
 Stem Area Index - SAI
 ݔܸܽ݉ܿ - maximum rate of carboxylation
 ݅ܽݎ݀ܨ – decay factor of subsurface runoff
 ݅ܽݎ݀ܳ - maximum drainage when the water table depth is 

at the surface
 Soil Moisture

4. November 2014 8
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Study Area - Rur-catchment

4. November 2014 99

Location:
Belgian–Dutch–German 
border region
Area: 
2454km2

Lowland, northern part:
PREC: 650–850 mm/a
PET: 580–600 mm/a
Loess soils with high silt content
mainly agriculture
Mountainous Eifel region, south:
PREC: 850‐1300mm/a
PET: 450–550 mm/a
sedimentary rocks, shallow soils
mainly forests and grassland
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Experiment Design

 10 years spinup, 2 years assimilation: 2011 (dry year) and 
2012 (wet year)

 Compare different scenarios:
 Open loop
 LST_LAI_SAI – update LAI and SAI with LST
 LST_Fdrai – update ݅ܽݎ݀ܨ	with LST
 LST_Qdrai – update ܳ݀݅ܽݎ	with LST
 LST_Vcmax – update ܸܿ݉ܽݔ	with LST
 LST_All – update LAI, SAI, ݅ܽݎ݀ܨ	݅ܽݎ݀ܳ ,	 and ܸܿ݉ܽݔ	with 

LST
 LST_Feedback_All – update LAI, SAI, ݅ܽݎ݀ܨ	, 
,݅ܽݎ݀ܳ ݔܸܽ݉ܿ and soil moisture with LST

4. November 2014 10
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Data Assimilation

 Community Land Model – 4.5
 Local Ensemble Transform Kalman Filter (LETKF) with state 

augmentation
 Two source formulation as the observation operator
 GLDAS forcing and HWSD soil data
 20 ensemble members with perturbed:

 Atmospheric forcing
 Sand faction, clay fraction and organic matter density
 LAI, SAI, ܸܿ݉ܽ݅ܽݎ݀ܳ ,݅ܽݎ݀ܨ ,ݔ

4. November 2014 11
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Anomaly Correlation – Latent Heat Flux (2011)
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WMO Definition: ܥܥܣ ൌ 	
݂ െ ܿ െ ሺ݂ െ ܿሻ ሾ ݏܾ݋ െ ܿ െ ሺݏܾ݋ െ ܿሻሿ

ሺ ݂ െ ܿ െ ሺ݂ െ ܿሻሻଶሺ ݏܾ݋ െ ܿ െ ሺݏܾ݋ െ ܿሻሻଶ
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Anomaly Correlation – Latent Heat Flux (2012)
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Annual ET (2011)
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Annual ET (2012)
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Updated Leaf Area Index (2011)
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Kall‐Sistig(meadow/pasture)

Merzenhausen (winter wheat)
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Updated Leaf Area Index (2012)

4. November 2014 17

Kall‐Sistig(meadow/pasture)
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5 cm, 20 cm and 50 cm Soil Moisture (2011)
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5 cm, 20 cm and 50 cm Soil Moisture (2012)
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Summary

 Assimilating the MODIS land surface temperature product 
improves the estimation of sensible heat and latent heat 
estimation in CLM, but slightly

 The underestimation of leaf area index from MODIS sensors 
can be improved by assimilating land surface temperature 
with state augmentation method

 5 sensitive parameters/states (LAI, SAI, ݅ܽݎ݀ܨ	݅ܽݎ݀ܳ ,, ݔܸܽ݉ܿ
and soil moisture ) were selected, and only updating of LAI 
and SAI can improve the assimilation results

4. November 2014 20
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Thanks for your attention

This work was supported by the FOR2131, TERENO and TR-32. 
The JUROPA and supercomputing facilities of Forschungszentrum
Julich support the computing of this work.
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HH9 Please summarize the main conclusions.
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