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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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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: 3923’ N; 2°6’ W

- Altitude (above sea level): 700 m
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Surface Radiation Balance
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Data from EAGLE/SPARC Campaign 2004, Barrax, Spain

Barrax 2004 Radiation @ Vineyard
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Surface Energy Balance Terms

R,=G,+H+LE
G0 = Rn [fc °Fc +(1_ 1:c)'lﬂs]

1§\

agTO,

C

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



Advanced Training Course -~ “udal

on Land Remote Sensing

Scintillometer Data from EAGLE/SPARC Campaign 2004, Barrax,
Spain

Barrax 2004 Fluxes @ Vineyard
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Remote sensing of heat fluxes and evaporation - a brief history of the developments in the Netherlands

/Analytical vs (semi-)empirical approach\

Menenti, 1980, Menenti, 1984, Nieuwenhuis et al., 1989
(two-layer combination eq. e.g. E=a+b*T0
for a drying soil)
Menenti, 1993 Bastiaassen, 1995
(personal note doubting the success Surface Energy_BaIgnce Algorithm for Land (SEBAL)
of pure analytical approach) (require simultaneous presence of
absolute dry and absolute wet pixels
Menenti & Choudhury, 1993 -> applications in irrigation management
extended Jackson et al., 1981, 1988’s
Crop Water Stress Index (surface scaling) Su, Pelgrum, Menenti, 1999
to Surface Energy Balance Index correction in SEBAL for a theoretical problem and
(PBL scaling with kB_1=2.3, Bw=2.9) extension to include NWP fields with a up-scaling,
(->applications Aral sea, Menenti et al. 2001) down-scaling scheme

Su, 2001, 2002 extended SEBI concept with Roerink. Su. M 2000
the kKB_1 model of Su, Schmugge, Kustas & Massman, 2001 Simplifi Ojrsm f U’E eneng, | Ind
and BAS of Brutsaert, 1999 (Surface and PBL scaling) Implified surtace Energy balance Index

Surface Energy Balance System (SEBS) (fitting dry and vzlgtsliérg':i)ng cases in data)

(->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)
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Schematic representation of SEBS

(Radiometric observables) (r,, T,),
(RS observables or estimates) (f., LAl h ).

@rocessing to derive radiation balance teD

ubmodel to derive roughness length for heat transfer
(Su, Schmugge, Kustas, Massman, 2001)
Submodel to deriviibility parameters
(ASL scaling or PBL scaling, Brutsaert, 1999)

1

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

Energy balance terms
(R, Gy H, AE, A)
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Remote sensing of heat fluxes and evaporation
- SEBS Single source, SEBS Parallel-source

reference height reference height
above canopy above canopy
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| SEBS Basic Equations

/ R, =G, +H +AE Qiooz, HESS, 6(1),85-99

AB4y =R, =Gy —Hy, =0, or ﬂ“Ewet = Rn _GO - Hwet’ or
Hdry =R, -G, | Hwet = Rn _GO _/IEwet
Hwet = ((Rn _GO)_IOCp 'es _ej/(l-l-Aj
reW }/ }/
A By B E A1 HH
ﬂEwet leet Hdry o Hwet

H=@1-A)(R,-G) A__AE _ A JE,
AE=A-(R,-G) R,-G R, -G
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Energy Balance Residual Method - Turbulent Heat Fluxes
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The scalar roughness height for heat transfer
-1
Zow = Zom /exp(kB )

The within-canopy wind speed profile extinction coefficient,

- _ Cy-LA

“ 202 /u(hy

B~ = —— C, f242f f, k%(“}j °%+k5;1f§
4C, 2 (1-e?) C

u(h)

kB;* = 2.46(Re. | - In[7.4]
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Iy

Input SEBS Core Modules Output

Meteorological Data

= Boundary Layer Turbulence JJ
Boundary Layer H ) T
Eri_ames/ Similarity Theory w

Roughness for ::> Evaporative JJ

Remote Sensing Data Heat Transfer Fraction
\/_
VIS I :V'\ :
Surface Energy Actual JJ
NIR I TIR I Balance Index Evaporation
\/_
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General Methodology

()
Cloud cove

|

| S Atmossheric model SYNOPS,

RS tmOSp eric moaeis Cllmat()logy
. Regional Evaporative
' parameters Fraction,
DEM T, LY soil moisture

\ .
: SEBS :
Preprocessi n£>— (Surface Energy Balance System)™ || Postprocessing
-
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NOAA/AVHRR, LANDSAT, ASTER,
METEOSAT, AATSR, MODIS,

Atmospheric sounding,
In-situ meteorological
Observation

Numerical Weather
Prediction models

Regional Atmospheric State




& BEAM SMAC Processor 1.4

Eile Help
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r I Parameters |/ Frocessing Parameters |

Bands:

reflec_nadir_1600
reflec_nadir_0870
reflec_nadir_0&7F0
reflec_nadir_0550
btermp_foard_120
btemp_fward_110

btemp_nadir_1200 |=
btemp_nadir_1100
htermp_nadir_0370

btoemm fiased 0270

1
1

-

Bitmask nadir:

Aerosol type: Continental | =

® Aerosal optical depth: 0.z
{_ Harizontal visibility:
|:| Ilse MERIS ECMWF Data

Surface air pressure: 1013.0
Qzone content: 014
Water vapour: 3.0

Default value far invalid pixels: U-Ul

ki S BEAM SMAC Processor 1.4

Bitmask forward: |c|nud_ﬂags_ﬁward.L&ND and not cloud_flags_fward CLOLY
| |

|c|nud_ﬂags_nadir.Lﬁ.ND and not cluud_ﬂags_nadir.CLOU[l

Eun Zlose Help
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Eile Help

l/ i) Parameters |/ Frocessing Farameters

Input product file:

|5.TE_TDA_1 CPLRAZOO40711_102511_000000772028_00273_1 235?_0258.[‘41' | |

Catput product file:

|C:1Datalsmac_image

Qutput product farmat:
EEAM-DIMAP | w

Log filename prefix

|smac

[ ] Extra log to output directory

Eun

zlose

Help

SEBS

Z. (Bob) Su
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SEBS plug-in in BEAM

S SEBS Processor 1.0

& Input AATSR file

Eile Help
0 Parameters | Laok In: |jDEItEI - Ea ﬁ Ij SE S:
Reference height: 2.00 {rm)
Hurmidity: 0.06| (kaike) |j ml_image.data
wiind speed: 2.0/ imis) ]
Temperature: 25002 Ij Landuse_image.data
Fressure: 100000.0| (Pa) 3 sebs_image.data
Fressure at surface: 100100.0{ (Pa) .
FEL height: 1000.0] {m} [ sebs_image1 data
Harizontal visibility: 20.2| (k) 3 =mac_image.data
L] Solar radiation [ ATS_TOA_1CPLRAZ0040711_102511_000000772028_D0279_12357_0258 N1 |
Dowrmesrd salar radiation:
Input AATSR file:
|02511_000000??2028_002?9_1235?_0258.N1||:| .
Input SMAG file: File Marme: ._1CF'LRA2EIEI4EI?11_1EIZE11_IZIIIIIIIEIIIIEI??2III[’ Product View |/ Pivel View
|C:1Datalsmac_image.dim ||:| . - .
I —— Files of Type: |Envisat product files .01, *.prd) Open Products
|C\Datalanduse_LAl dim I[..] 7 =
Leaf area indexfile =2 & MEtadata_
CiDatalLanduse_LAl dim L] o~ & Flag Codings
o~ (23 Tie Point Grids

Qutput product file:

. : : e (2 Bands
CADatalsehs_image.dim
| L] B schs_mlbedo

] sehs_Temperature
B schs_Rn

[ sebs_co

| Run H Close H Help ‘ [l sebs_H_dry

] sehs_H_wet

[ sebs_H_i

] sehs_Rel_evap
B schs_daily_evap
] leaf_area_index
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SEBS plug-in in BEAM - Roughness height for momentum transfer

Land-use classes and associated roughness height Z0m walues

ClassCode Z0m (m) Land-use class

End_of_head =============s==s================S==S==S==sS===S==S==S=====================:
code 1 0.0340 Grass

code =z 0.1300 Maize

code 3 0.0633 Potatoes

code 4 0.0639 Beets

code 5 0.1300 Cereals

code & 0.063%9 Other_ crops

code 7 0.4066 Greenhouses

code & 0.6065 Orchards

code 9 0.06339 Bulbs=0.0639

code 10 1.2z214 Deciduous_forest

code 11 l.2214 Coniferous_forest

code 12 0.0405 Heather

code 13 0.04035 Other_ open spaces_in natual_ areas
code 14 0.00lz Bare_so0il_in natural area

code 15 0.000z Freshwater

code 16 0.000z2 Zalt_warter

code 17 1.1052 Continuous_urban_ area

code 18 0.5455 Build up_area_in_ rural_area
code 19 l.2z214 Deciduous_forest in urban area
code Z0 l.2z214 Confiferous_forest in urban area
code 21 1.2z214 Build up_ area with dense forest
code 22 0.0354 Grass_in_build up_area

code 23 0.001z2 Bare_so0il_in _build_up_area

code 24 0.0035 Main roads_and railways

code Z5 0.5433 Buildings_in rural_ areas

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)

617.814
466.510
315.206
163.902
12.598
-138.706
Sensible Heat
ASTER 18 July WM*"-2
2004 . A
i -
Monday 3 Sept 2007 Lecture D1La6 SEBS Z. (Bob) Su

23



Advanced Training Course

on Land Remote Sensing

Some applications
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Application to the Urumqi River Basin, NW China

aﬁﬂan'E'_ - ¥ : ";,,r VS 5oe00E
45°00'NI. < v o ' ™ 5°00'N

Urumgi w %
_“Hl

- Changji
.!' i

River Valley

-«";,.-wu iapoRescrvou Chaiwopu Basin

2 _" 2 I_'_"}'|.'l_l_'.1-‘I'.'IFIU- Lake T
b 4‘\;:“ Lake #
86°30'ER | pebe
400N : -
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8.0

Comparison to
measurements
(water surfaces)

20 + - - - —&— Changji, measured - = -

Ceily evgporation (mm)
»
o

—=— Mengjin, calculated

0.0
€ : g g g & g
% g E 3 g § 3
200
€ 160 |-
E
c
2
B 120 +
S
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(]
3 80
o 1
E -
= —e— Waulapo Station, measured
o
s 40+ —=— Wulapo Reservoir, calculated
0
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Monthly evaporation from different surfaces
In the Urumgqi River Basin

—~
E 250 s —@—— Chaiwopu Lake
- ——M—— East mountain
— 200
9 —&— Salt Lake
*CE 150
@) 100 —&— Mengjin Reser voir
% —8—— Desert
> 50
@ —&—— Wulapo Reser voir
> 0
E - River plain
= N
§ N ?;Q\ '\0 O() ——@—— Chaiwopu Basin

——ll— Gobi Plain
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MOMA S S AVHRER based
annual actual evapo-
ration in 1995,

Lrumcyi River Basin

Ea (mm Ayaar]

<200, 0O

—

B 260.0
I 300.0
—

S0.0
200.0Q
B 000
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1200
1000 + 1. Desert
2. Gobi Plain
800 3 3 3. Mid-mountain
o | | 4. Salt Lake
< =z 5. Chaiwopu Basin
E % 600 | 6. Forest zone
= D 7. Bayi Reservoir
1 o N :
LLJ 8. Mengjin eservoir
P 400 | 9. Chaiwopu Lake
200 +
0 I I I } I
0 200 400 600 800 1000
Ea (mm/a)

Field measurements

Monday 3 Sept 2007 Lecture D1La6 SEBS Z. (Bob) Su 29



Advanced Training Course =~ **"

on Land Remote Sensing

Applications to the Netherlands
(Methods to determine zOm)

Lare use class, 20 (M)

p 2 {m)
zOm based on NDVI Class_Mares
Class_Names
B Converous foaest, 13212
B <00
801-01 I Uecidunus loesst, 12214
Woed foresy, 12272
B 01-02
02-03 Frassland 04134
B o2-04 Rzinfad arablz lerz, O.0G38
Bl 0405 tlangs, 00408

B i and inland watats, C.OCO2
B Urbun zreas, 11062
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Monthly evaporation during 1995

Monthly EMVM{mm)

<20.0

30.0
A40.0

80,0

60.0

0.0
800

S0
100.CG
110.0

120.0

=130.0
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Annual evaporation in 1995

Annual
Evaporation {mm)

400
500
550
600
650
700
750
800
850
900
950
>1000
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Validation of Atmospheric Models at Regional Scales

H Estimated

300

250 -

200 -

150

100

50

Scintilometer measurements, retrievals by SEBS
using ATSR data and RACMO PBL fields, and
simulation by RACMO (Jia, Su, vd Hurk, Moene,
Menenti, de Briun, 2002),

¢ Tomelloso, RMSD=16.1 W m-2 AN0
® Lleida, RMSD=40.4 W m-2 *e
Badajoz, RMSD=18.3 W m-2 24l s
T
RMSD = 25.6 W m-2 & 300 .
¢ g
. m ‘E 2a0
-
. * £ 200 _
= * » Torreloso
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// FS0= T4 6 m2 ElEllelleIS
100 :
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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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EAGLE2006
(8 June — 2 July 2006)
EAGLE Netherlands Multi-purpose, Multi-Angle and Multi-sensor,
In-situ, Airborne and Space Borne Campaigns over Grassland and Forest
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