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Estimation of Actual Evapotranspiration at
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Abstract

Accurate estimation of the actual evapotranspiration (ETa) and
analysis of its spatiotemporal variations is crucial for irrigation
water management, particularly at local and daily scales. The
Operational Simplified Surface Energy Balance (SSEBop)
model is among the most efficient and practical single-source
surface energy balance models based on remote sensing data.
Nevertheless, limited studies are made to assess the
performance of this model in Iran. In this study, a modified
version of SSEBop (based on the use of local weather data,
automatic calculation of daily reference evapotranspiration,
and variable surface albedo) was introduced and its
performance was examined over a 14-ha alfalfa farmland in
East Isfahan. To this end, the model was calibrated and both
the intermediate model outputs (e.g., surface temperature and
albedo) and the estimated actual daily evapotranspirations
were validated against the in-situ ETas obtained from a
scintillometer and an adjacent automatic weather station. The
results showed an acceptable performance (RMSE= 0.8
mm.day?, r= 0.81) of the modified and locally calibrated
SSEBop model for estimating daily ETa throughout the growth
season. However, during and after harvesting, when the crop
biomass was low (NDV1<0.4), the model failed. This study
reveals the promising application of the SSEBop for
operational irrigation management practices.

Keywords: Potential Evapotranspiration, Energy Balance,
Scintillometer.
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Fig. 1- Baharan farm location on the Landsat-8 Scene (path 163, row 37), an example of the decadal ETa
product obtained from global FEWS NET, and the scintillometer receiver location with the nearby weather
station
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Table 1- Various ground and satellite datasets used for implementation, validation, and calibration of the
SSEBop model in the study area
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Table 2- Summary of the input data, parameters, and intermediate outputs and their purposes in the
SSEBop model

SSEBOP Juo 33 lwwlxe Bladl 5 ool 2950 b ol yb croals glgil 51 glaoYs -F Jous

Data Symbol Source Purpose Type
Elevation z SRTM Air pressure Primary
Maximum air temperature Tmax Meteorological station Rns T, Te, dT Primary
Evapotranspiration Reference ET,, ET; From FAO equations using ET, Primary
Meteorological data
Shortwave radiation Rg Meteorological data Ry Primary
Minimum air temperature Tiin Meteorological data e, Ry Primary
Land surface temperature Ts From Landsat-8 using thermal band ETg, ET, Primary
Clear sky net radiation R, SSEBop dT Secondary
Temperature correction factor c Meteorological data Tec Secondary
& Landsat 8
Temperature difference dT SSEBop dT Secondary
NDVI NDVI From Landsat-8 using Near infrared C,Ts Tc Secondary
& Red band's
Landsat8 Meteorological Digital
(Suill'fac.e data Elevation
Reflectance) (6.8 €2 Ros Tona) Model (SRTM)
|
Land Surface L 4
Temperature (T.) NDVI albedo (o) #
Pa
—— Ry
l—‘ Reference
Evapotranspiration |«
Ts colq With (ETp pa X Cp X dT
condition o I —
NDVI>=07
T _ Ts_cu]d
o o Tmax L J
Temperature
y difference (dT)
T —
ETf _ h 5 <
dT A C = Teorrmean — 25td >
T, =T, +dT
» TC =CcC Ta.max
¥
ET, = ET, x ET; Actual
Evapotranspiration
(ETy)

Fig. 2- Flowchart the modified SSEBopmodel
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Fig. 3- Overview of the SSEBop framework in the Google Earth Engine cloud platform (Senay et al., 2022)
with the new ability to be run with local data (meteorological data)

Ll sas bl L (Senay et al., 2022) Google Earth Engine (59! 0 20 43 SSEBOp wga yla (IS (sl -Y UK

(owlnilgn saoaly) doxo slaoals
10 ol oF 0 ylowd cedized Jlu oyl ml O gl Ol
Volume 18, No. 4, Winter 2023 (IR-WRR)
Y¥

*
0.0



A5 &) At duwlee BB Jao bS5 dwej slaodly &S Fu,l

Jde ETa polie (055 (Stwwad 395 o0 danMo &S jglailan
Omed Cul J1B 5 (RE= 2 V8) uej spSojlil ¢ SSEBOp
1y 59y » sedlee <70 ) Joy )3 yierke N | 1S RMSE e
ISt (de,50 JS gl 59y 2 yiasleo A g JuSy & (1 SiLo
2 ly Gy polie o S0yl 3 Jae cuslie 5 Slos
JuS 4 ) dlie Sl e3ga000 (ljEl b sl as)je e
Senl Gl cle 4 (asy50 S5 4 (gpSojlul oo b
o (oS cdl ooSes slajlze F Jod> 3 jlae 8l

S o

Jie Sl ool sy (Bly 3y 50 Gloj s g ¥ US55
slodly b auslio ;> FEWS NET oobl (slaedls 4 SSEBop
Ol gy ol 00 03> i pegbitinn bawgs ol (5 S0l
(5> 4 SSEBOP 0l 0 )" Jao bawg (Bly (505 55 (Sloj
Gilao (ETa) (a8ly (35 5 sl (ooled g ol 03 (gl Jo
2l @S I > ol oS (ETY) g po 535 505 ol )l
» SSEBOp Jio jl Job ailiy, (ooBly s s 29l
(MODIS il slaodhy b 5 ape jieshS V obis
oKL > &8 GDAS/WorldClim 4 Daymet/WorldClim
<55 (Senay et al., 2020) cul ous «l)) FEWS NET
Olyis ) w308 U5 (> a0 |y dlig) 3y s Sloj Sy
Gy 5 (Y ol VA 0 Gy (5 gl o8 Jlio
ol 0ylS” Jho sla 293 & o p)loy So LS ]y 4l

Jo 3l ol Gty ailig 35 505 eSilie ¢ oriun e okt &
wo; 6pS0ilul 3l osel Cawds alljg, 5% ws L SSEBOp
odol Cawds 8ly (355 ped (b HLSG cdulio (gly A dusldo
e We gled o #dly glo Sy sl SSEBOp Jas jl
Jab Jusn ) jeghiin odiiwyd g 05 wlidlon olSiuy]
A ad)S )L > addllae 390 de g 03gu5te JS 0 JLSG 9 (4550
cays Jols 3 ,Skes eloasls b aShes b)) () JS)
s Sk (RMSE) s ey po :S0ls iy ) (Staad
s, ¥ Jyi 3 o (MAE) s llas :S5s (MBE) il

==y
SSEBop Ja (Svww ,lis! -V -Y

Jre 3l ot cunts @l awslie jI Jobs (o3,8lee (slajlne
soghiinw bwel ol Gl Suej (6 yS0jlul sleesls L SSEBop
ao U So sledsio (Jsir onl ) el oad @l ¥ Joaa
5 00 3590 5 ETa lawgie duglio jl odel oty (sloo o] coi i
oAb 39y ETa bawgie o) JS5) JuSls 4 sl SSEBOP Jae
swosls 3l ool Custy ETa 5 (1 JS3) as 5o o JS gl Jao |
Joolia b (g pSoill e w5 JuSy > FEWS NET _lgs
3 doldl 3 doglis amd o &l 1y yeglitiun lawgs 00 (5550l
& oy 90 099> ) Eyl WYl gt con YV iz
2bcde 4 70 g d92ge slojlgale 5 (uaj lojer slaodls

Table 3- Performance metrics used for evaluation of SSEBop derived ETa with in situ measurements
05 5B 6 505101 LSSEBOP Juo 31 ool Cawss ETa (b 5, (5l y2 05Wias] 3590 3 yShos (b ,Lro —Y Jou

S.no Statistical equations
n
1 RMSE = Z (ETops(%1) — ETest(Xi))z
i=1 n
2 MBE = 2ic1(ETops (%i) — ETest (x1))
n
3 MAE = 2ie1lETobs (%1) — ETest (X))
n
r 2?:1(ETobs(Xi) B ETobs) (ETest(Xi) B ETest )
4

\/Z?zl(ETobs ) — ETobs)2 \/Z?:l(ETest(Xi) - West)2
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Table 4- Statistical evaluation of SSEBop model-derived ETa with in situ measurements in Baharan
farmland

Oy 48530 33 (o (69503105 L SSEBOp Juo 3l el sy ETa (bl gl —F Jgua

Statistical parameters 9-pixle average  Theentire farmland FEWS NET
RMSE (mm) 0.60 0.80 371
r 0.87 0.81 0.48
MAE (mm) 0.49 0.63 3.55
MBE (mm) -0.17 -0.41 3.55
PBIAS (%) -3% -8% 71%
Standard deviation of SSEBop 0.23 0.30 1.40
Standard error (mm) 0.09 0.11 0.53

=
o

ETa (mm/day)
|l N w SN (@] D ~ 0] [{e]

o

—=& — Etr (mm/day)

—&— [n-situ Eta (mm/day)

--@& - Estimated Eta using SSEBop over the entire farmland (mm/day)

- -W- - Estimated 9-pixle average Eta using SSEBop at the station (mm/day)
—X— FEWS NET (mm/day)

Fig. 4- Temporal variation of daily Eta obtained from SSEBop and FEWS NET compared to in-situ data
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Fig. 5- Comparison of calculated albedo with Landsat-8 images and the recommended constant value of
SSEBop during the study period in Baharan farm
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Fig. 6- Surface temperature and NDVI changes during the study period in Baharan farm
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Fig. 7- Inverse correlation between NDVI and ground surface temperature during the study period in
Baharan farm
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Fig. 8- Diagram of changes in temperature difference between hot and cold pixels (dT) and estimated net
radiation flux (Rn) during the study period in Baharan farm

ohlke 48,50

Table 5- Summary of reference ET (ET0), maximum and minimum air temperature (Tmax, Tmin), deference
temperature (dT) for the 12 Landsat-8 acquisition dates

VY (ly (dT) Lod BT (Trmin «Tmax) 1o J8las g pS1as lod «(ETo) g po §385 pudud (5031 dS gosmo aoYd -0 Jou>
Landsat-8 ygmad g ,U

Scene ETO

NO Landsat-8 Date DOY Path, Row (mmiday) NDVI Tmax (K) Tmin (K) dT (K)
1 12/05/2016 133 163, 37 6.8 0.64 302.82 287.14 19.71
2 04/06/2016 156 164, 37 6.2 0.34 305.17 287.35 20.32
3 13/06/2016 165 163, 37 8.4 0.47 303.29 289.68 18.09°
4 20/06/2016 172 164, 37 9 0.63 305.72 300.1 21.22
5 29/06/2016 181 163, 38 7 0.71 309.63 291.85 18.56
6 15/07/2016 197 163, 37 6.7 0.72 309.26 297.61 17.6
7 22/07/2016 204 164, 37 7.6 0.69 312.04 298.62 19.55
8 31/07/2016 213 163, 38 7.3 0.7 310.32 291.85 18.78
9 07/08/2016 220 164, 37 6.7 0.3 307.25 286.55 17.55
10 16/08/2016 229 163, 37 7.7 0.35 305.61 293.57 15.28
11 23/08/2016 236 164, 37 5.9 0.3 303.88 286.53 15.63
12 01/09/2016 245 164, 37 5.8 0.29 308.98 290.3 11.64
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Fig. 9- NDVI maps for Landsat-8 satellite overpasses during the study period in Baharan farm
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1- Evapotranspiration

2- Lysimeter

3- The Operational Simplified Surface Energy Balance
4- Surface Energy Balance Algorithm for Land

5- Mapping Evapotranspiration at High Resolution with
Internalized Calibration
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