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Learning Objectives

1. To understand basic ideas of the Surface Energy 
Balance System 
2. To familiarize with the steps used in SEBS for the 
derivation of different flux terms 
3. To understand the most critical processes in 
surface energy balance 
4. To familiarize with the applications of SEBS
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Wind

Solar Radiation

Land-Atmosphere Interactions 
- Terrestrial Water, Energy and Carbon Cycles
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Structure of 
the 

atmospheric 
boundary 

layer 
considered in 

SEBS
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Planetary (Convective) 
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Corn

Bare Soil

Water Body

Garlic

Green Grass

Vineyard

Reforestation

Barrax Test Site, Spain

- Situated in the area of La Mancha, in the west of 
the province of Albacete, 28 km from Albacete
- Geographic coordinates: 39º 3’ N; 2º 6’ W
- Altitude (above sea level): 700 m 
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Data from EAGLE/SPARC Campaign 2004, Barrax, Spain

Barrax 2004 Radiation @ Vineyard

-200

0

200

400

600

800

1000

1200

196 197 198 199 200 201 202 203

SW_inc
SW_out
LW_inc
LW_out



Monday 3 Sept 2007 Lecture D1La6 SEBS Z. (Bob) Su 9

Wind 

Surface Energy Balance Terms
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Scintillometer Data from EAGLE/SPARC Campaign 2004, Barrax, 
Spain

Barrax 2004 Fluxes @ Vineyard
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Menenti, 1980, Menenti, 1984,
(two-layer combination eq. 

for a drying soil)

Menenti, 1993
(personal note doubting the success 

of pure analytical approach)

Menenti & Choudhury, 1993
extended Jackson et al., 1981, 1988’s 

Crop Water Stress Index (surface scaling)
to Surface Energy Balance Index

(PBL scaling with kB_1=2.3, Bw=2.9)
(->applications Aral sea, Menenti et al. 2001)

Su, 2001, 2002 extended SEBI concept with 
the kB_1 model of Su, Schmugge, Kustas & Massman, 2001

and BAS of Brutsaert, 1999 (Surface and PBL scaling)
Surface Energy Balance System (SEBS)

(->coupling to NWP fields: Jia et al. 2001, ATSR data
->extension to parallel-source: Su & Rauwerda 2001, ATSR data
->estimation of daily, monthly, annual evaporation: Li et al. 2001

->drought monitoring: Su et al. 2001, 2003)

Nieuwenhuis et al., 1989
e.g. E=a+b*T0

Bastiaassen, 1995
Surface Energy Balance Algorithm for Land (SEBAL)

(require simultaneous presence of 
absolute dry and absolute wet pixels

-> applications in irrigation management

Su, Pelgrum, Menenti, 1999
correction in SEBAL for a theoretical problem and 
extension to include NWP fields with a up-scaling, 

down-scaling scheme

Roerink, Su, Menenti, 2000
Simplified Surface Energy Balance Index
(fitting dry and wet limiting cases in data)

(S-SEBI)

Analytical vs (semi-)empirical approach
Remote sensing of heat fluxes and evaporation - a brief history of the developments in the Netherlands
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(Radiometric observables) (r0, T0),
(RS observables or estimates) (fc, LAI, hc),

(Surface observation, radiosonds, NWP fields) (TPBL, VPBL, PPBL, qPBL, Rs, Rld)

Schematic representation of SEBS

Preprocessing to derive radiation balance terms

Submodel to derive roughness length for heat transfer
(Su, Schmugge, Kustas, Massman, 2001)

Energy balance terms
(Rn, G0, H, λE, Λ)

Energy balance at limiting cases 
(Menenti, Choudhury,1993)

Submodel to derive stability parameters 
(ASL scaling or PBL scaling, Brutsaert, 1999)
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Remote sensing of heat fluxes and evaporation 
- SEBS Single source, SEBS Parallel-source 

Hs 
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SEBS Basic Equations
Su, 2002, HESS, 6(1),85-99
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Wind, air temperature, humidity
(aerodynamic roughness, 

thermal dynamic roughness)
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The scalar roughness height for heat transfer

The within-canopy wind speed profile extinction coefficient, 
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SEBS - The Surface Energy Balance System

SEBS Core Modules

Boundary Layer 
Similarity Theory

Roughness for 
Heat Transfer

Surface Energy 
Balance Index

Meteorological Data

Boundary Layer 
Variables

Remote Sensing Data

VIS

NIR TIR

Input Output

Evaporative
Fraction

Turbulence 
Heat Fluxes

Actual 
Evaporation
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General Methodology
••

Atmospheric models RS
DEM

SYNOPS,
Climatology

SEBS
(Surface Energy Balance System)Preprocessing Postprocessing

Regional 
parameters 
Ta, τ, L↓

RS

DEM

Cloud cover

Evaporative 
Fraction, 
soil moisture
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RS
DEM

Preprocessing

RS

DEM

Regional Atmospheric State

Numerical Weather 
Prediction models

Atmospheric sounding,
In-situ meteorological 

Observation

NOAA/AVHRR, LANDSAT, ASTER,
METEOSAT, AATSR, MODIS,

DN ⇒ Radiance/Reflectance at sensor
⇓

Radiance/Reflectance at surface
⇓

Albedo, temperature, vegetation cover, emissivity, incoming radiation, roughness
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SEBS plug-in in BEAM
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SEBS plug-in in BEAM
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SEBS plug-in in BEAM - Roughness height for momentum transfer

These are default values and need to be adjusted according to actual phenological stage.
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Results from SEBS
Sensible Heat

AHS 15 July 2004
(A. Gieske)

Sensible Heat
ASTER 18 July 

2004
WM^-2
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Some applications
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Application to the Urumqi River Basin, NW China
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Spatial Distribution of Annual Evaporation 
over the Urumqi River Basin

••NorthNorth
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Applications to the Netherlands 
(Methods to determine z0m)
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Monthly evaporation during 1995
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Annual evaporation in 1995
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Validation of Atmospheric Models at Regional Scales
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Tomelloso, RMSD=16.1 W m-2
Lleida, RMSD=40.4 W m-2

Badajoz, RMSD=18.3 W m-2

RMSD = 25.6 W m-2

Scintillometer measurements, retrievals by SEBS 
using ATSR data and RACMO PBL fields, and 

simulation by RACMO (Jia, Su, vd Hurk, Moene, 
Menenti, de Briun, 2002), 
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Conclusions

– The Surface Energy Balance System (SEBS) is briefly introduced.

– SEBS is scale invariant, so that it can be applied easily to different 
scales. Data of high or low spatial resolution from all sensors in the 
visible, near-infrared and thermal infrared frequency ranges can be 
used in the system.

– Based on a set of case studies, SEBS has proven to be capable to
estimate turbulent heat fluxes and evaporation from point to 
continental scale with acceptable accuracy for low vegetation. 

– The results demonstrate that SEBS algorithm can be used for spatial-
temporal estimation of actual evaporation with an acceptable 
accuracy.
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