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Background and Obijectives: One of the key stages in water management
involves accurately estimating water budget components. Proper estimations
of the plant ET and water requirements of plants are very important for
improving water management and increasing water consumption efficiency.
Although ground-based ET measurement methods provide high-accuracy
point measurements, regional ET maps are needed for monitoring water
resources. In this regard, satellite ET estimation models such as SEBAL
can be useful. Of course, the efficiency of this model is different in various
climates and crops. Therefore, this study aims to calculate ET rates using
the SEBAL model with Landsat 8 satellite imagery On the Google Earth
Engine platform and assess the model's accuracy against FAO—Penman-
Monteith method (ET0) and crop evapotranspiration (ETc).

Materials and Methods: This study was conducted in the Jangah area of
Torbat-e Jam city, located in Razavi Khorasan province, from 2013 to
2023. A Java program was developed using the provided equations in
Google Earth Engine for this algorithm. Daily evapotranspiration images
were acquired for the study area, and evapotranspiration data were
extracted using QGIS software. The prediction performance of the
SEBAL model against the reference ETO and ETc was evaluated using
widely accepted statistical indices such as the correlation coefficient
(CQ), relative bias (RBIAS), root mean squared error (RMSE), and mean
absolute error (MAE).

Results: Results revealed a strong correlation between the model and ETc
estimates (R2=0.85). The model slightly overestimated daily total ET
values by only 0.016 mm (positive bias). Validation of the model against
ETc indicated relatively minor errors, with daily mean absolute and root
mean square errors of 0.76 mm and 0.97 mm, respectively.

Conclusion: The growing accessibility of open-access satellite data and
advancements in remote sensing technologies are opening the door to
systems capable of monitoring water usage by different stakeholders in
near-real-time across various spatial scales. In this regard, satellite ET
estimation models such as SEBAL can be useful. Of course, the efficiency
of this model is different in various climates and crops. Based on the
research findings, it was observed that the SEBAL method calculates actual
evapotranspiration values with acceptable results. These results indicate
that the use of this method can be suitable for the studied area. In summary,
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the findings indicate that the SEBAL algorithm is a suitable approach for
estimating crop evapotranspiration and can serve as an effective tool for
water resource management in farms and other similar contexts.

Cite this article: Shirmohammadi-Aliakbarkhani, Zahra. 2024. Analyzing the Surface Energy Balance
Algorithm for Land (SEBAL) in Estimating Crop Evapotranspiration. Journal of Water and
Soil Conservation, 31 (3), 155-175.

m © The Author(s). DOI: 10.22069/jwsc.2024.22418.3729

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

VOF


https://doi.org/10.22069/jwsc.2024.22418.3729

YYYY-Y+29 1 ol Ll

SB g of chlis o ing}s dpis
FEYY_YVAF @y LU s RO 4

LT
e e 2

(e,

(SEBAL) (o (5138 (b (55 91 JOlai i 59831 Judoni g 4 32
S350 OY gammo § 925 g g oSS 98

TSI — e 1 (25

shirmohammadi@tjamcaas.ac.ir :asbl, olul plrca 5 iy 5 Jlo 5550 ez (ol gwilige 03,8 Sbstinl o st 0 5

AJ\:S.T e Sl
Ol O sla el 335 e oo e e 3 il e 51 S e 5 dile e g

e s Sl Sl ol OBLS T 5L e 5 Gl ol o 3u50 0l RsR Tl LB
Shesliad b Goass s (,Seslll gla iy, 4 ST ol O Gopae LLIS (15l s
s o LI VL B L1y Bty s (glabed slacs ,Soilhil e saelansl (slaesls
. - . . . o . 'V/'Y/\AZQHJA @JU

ey ol 53 3 gd e bt O CL‘..» ol Gl sladlene B i o slaaid 4 5L Ll
. . . . . . Y0/YY IJQJJJ‘J @)U
adl sl Cﬁb L Ll o SEBAL wsle (glojlsale G miy s fmess slads i
YIENA Gk b

f}"ﬂ:‘ BL) Landsat 8 &‘e)\}ALA J:’JL"‘J L»SEBAL J.,\.a )\ oslarl L» éﬁj)lzzﬁ ﬂ\.wvl:u

s FAO-Penman-Monteith (ET0) 55, o, 53 e &35 obs)l 5 oel) 855

SIS laa3ly

Ll (ETC) alS idg B ,a0 5 s Gy

G5 Ol 3 Ol 3 wBls plar 5 Ol e o ailaie 55 andllas ol tla g, 5 5l g0 335t
b lbome s S0 caallian gl (sl 2 ol VXY B Y Gladle e e 030 s Ol 63 sliS
Wiy pslad 5 ad s esilinl JS58 05 Il by 4 abs e S¥slas ) eslinad sl 85
alain gl Wliss Bms s e 35 3L addlaes; g ddlaie (sl Gk Pl St

53 dle Jde 235 oLl pskiea s S ol Al QGIS Ssle s b eslazad b SRS se
S5 Sase ey s 4 A S GoNaS s g ol G sl
ole aio,y (RBIAS) i obl (CC)  Stmer oy il (gobl gla axls

.L); oalaiul (MAE) uT.Uaa 6Ua;- wial.:ﬁ 9 (RMSE) Lo CJL’UJ.A

A il G, b Saewens s Jlw Jie oS sl OLES Gb’ aaidl

VoV


https://orcid.org/0000-0001-6332-8976
https://orcid.org/0000-0001-6332-8976
https://orcid.org/0000-0001-6332-8976

ool atyy g Uast llae o Sle slie 5 esls 0L 1y Sy beed slallar a8 iy

el b)ﬁj})))ﬂvcl:.& '/4\\/‘5):.&0):.» VA4 g_,y:JJJqua;-CJLUJA

CLESS s ol lacd iy 5 lolsale laosls 4 o mws (Rl 1g oS ams
Sl s A5 e oS Gl 035 a5 et wx g Sl L s 50 ) Sl
b3S il ST LE Spson 5 0S50S S la wlide s 1y cilises Oladiys Jaw s
crdl a3l dde 1l e SEBAL ssle sloslpale G pmis s pmesss sladde dial, oyl
Ak e s b Sl il SV e 5 LBl s Jae ol LS
S o aaboes 53 LG gl b 1 G el olis SEBAL s, 45 43 ealia
AL s allans e aileie 3 WIS e Gy ol Sl elinal & das e OLE S o)
e (Sl sl 5 55, S SEBAL rg),ij\ S s e OLi basl oM ba
ol 02 T e Sl sl 30 Ul S Olsear L5 gr 5 ol S gume G e

LS s wlis gbas; ol s

JEC REUVOT LI (SEBAL) o) 6‘)’.’ ;Zla.w ng).ﬂ Jol.v.'; M.)Bi” Jds g 49355 KOARAD) l)m)' ‘u;’l’)"Slgch — (9t yuis :dleaw!
N0V ()Y ST o] cbli> slojivgs . (65,0lisS CYgame 5,05 4
DOI: 10.22069/jwsc.2024.22418.3729

I o OB Sy © OB 5 b @lie 5 55,5L8S psle olSails :,0L

YOA


https://doi.org/10.22069/jwsc.2024.22418.3729

B S e — G0ty 1525 [ e (6551 J3AS ok ) o g 4y 525

b (W) OLKen 5 sl Shass S s

5 esliid U S Jpamn a3l G i e (oS
ey edkdsyllad iy, 5 SEBAL ), S
Aty Llle s Sl aikie 53 S
Sl s il SEBAL 1, Sl oS sls ol
() 3,05 axlllansge adlaie 3 B mim s 350
Dokt glasllas (VoY1) S 5 sl opor e
oslazul L SEBAL Jus v g 30— 15 aculses
33 s 5 A 5 0 Cdtd Glolpale olas
axlys Glbl s sy Slaalise 55 Jue
YOX 5 ¥ glbadle o 4S5 e 5s By
5 e 68 bl oS sl 0L el Ll plo]
$3as O s Jde 5 00l 5z Jun) glaesls
OLer 5 Sls (B 25 sl a3l e |
e bl Gaa LS ey 5 (YeYY)
SEBAL) (o5 sl p ek (6551 ol o5 S
03 b ALS s s GRS e Lo
Crl g L3l plnil 4S5 il Ol (gladl ke adlane
SIS G plde &S Lk, anS
e cales $B Etige e 5, L SEBAL
w5 Shes S sl Ol ol s sl
s s Ml S S eew 3 SEBAL
A Cwdd Glojlsale glas 51 eslizad b J suame
meslzsl 6y (TOYY) 555 (V) Cel U8 LG
sl iy, 31 SEBAL 1), S5l Jol- =
03 B p3lie il gl BB S g ey
G sy ppolin o 31 0L gl 5 S eslizad i
S s b @V Cills SEBAL siiuls
ECUOV ISRV ARIRE D (TIPS PR G o
st ategs (A 250 a1, (RE=0/AYR)
5B BIFLOV RPN e
5 SEBAL Jus L o 3,505 4y & a5 s

dos Lo (Y+YY)

104

Aodko

s e 4 5L (Sl G e 1L
oY sl el el sl e Il
PN SR A BTSSP AR NP
@3k oL (bl el il 5 el
53 S o sl (a5 ad 5 ST b s
& e ) AT 05 5 03Il o G me (b 58
slat e Ol e g5ulis Gble o
() pede (V) cl sdd b 5 sae
(3008 Glp sl Lag (sslas s
5 Capde ol cd sladl 5 Slie Cl
S 2338 4 s O e 5l ang eslinad
S e 53 g J=lr 5 S cd sas Sl
Aol ol OOy el OF OV 383 anloes
3 s s s ol Ol Sl Saasy
FERRNUIE S STy U5 ] [ PR S SR
s Lo ) pale Slsool S
S AL e S e B s lee
(b 5l e ol Y Slalws 5 O 1, cos
— i el (ET) 28l 6 i ied Ko O
56,5 G 3 Ol 5 e cl ol g e 5,05
(V) spipe Al s b 5l S ke
Shles Sogon ET G ens i )
Sbs, ol sl 51 eslinad 5l Gleabl sl
5 il mhe Supte (s3slS Of G
S35 Il Snspile (350 5 ST Oy ¢ eba
Gl 8 ble oLl 5 el w5 s o
Ly ool Sl Dl 5 0 plamil A5 2
G s s e s (gl (odate GSGSS
SSe3Ll Lol Sage & Llods slgniy (ET)
laesls o pam oty G L it
(RS) Lsajl i 5 e GG 5 il ga

(F ) el



VF.¥ ¥ b)w Ap) 0,92 «SKB 9 A.Ji cblis ‘_gthum.ﬁ9f

CJSJJ':’J?S Sllas adae 95 53 eV 1ol
Yove el dle OLL b YWY el e 4w o
oLz ol sla el b 5l eslizad L s s
O e 4wl e adle g5 0 &S b
ol 33l Bly B s i Js Ly
—s M Sl Gl ool SN 5 Jle b
AOF) 55 e by sdd g, Seslll G
5 e, SIS (YY) 0L 5 Slals
IS5 bl 5l sslinal b G mis s Sl oy S
03 D3 mBly B RS s en Sl el
s ETa &8 sl ol b L S eslinal ST es
Jad Llgl 55 e 5 035 oS L b sl
N N TR U RSP
wl fals oy pdy Ol s ORI o>
= e Ao 3 VIVY 350 EEFLUX o, S o
5> SEBAL oo, S5l 5t 1y wlss, S0
(0) ol 63 5 5,51 5 STyl &b as 50
S G S SaSell slai, 4 S
D oYL Cds 5l ladkd e slaesls
S5 g5 s« ET) G- s Ll il
se5 5 S St b Shs b e zS
U5 g St e 03 ALS g (SIS
S ol St Ll ol G
3 Sopgble @l ol Sl 5 e m3 5
et oS el e SNl G b
Sppile @l S s glikie glaais
— S s Sl el Y O e
3 s Okl boolis gd (Oleas Clad 08 G,
SLSUSS 5 50 oy Sl plell glaesls 5 b
s sbesls (V) cul (See gl B30,
slizal oylsale 5 e glaaid ol Wb ol
e Sty S e pll pl b (sl e

G s 35l Sl s el 3l plels

V5o

Jip = s S Sl Sl Bls as e a3 0lS
2w GF Soar @l sl bl ey
Q) sl Ol 5,

S (T0) OLes 5 Sad Olpl 53
Lol Sk ailie 53 1y Jlw sdizdol
oo T8 Ol 5s wsse sl 5l eslind
Slaesls 5 Jbw Jio 51 Jole s sls 13
ol OLas wilate ool 53 1) o5 (Stsen (5 oY
b (8 Oen 5 mlS pmes (1)
Gl Sriand e 53 oo @2 e
3 eslaad L o3 > Oliw b 53 a5 D)3
oo o b Ol anglie 5 A v o)l sale sl
ailaie ol 53 45 5ls OLES el sy 56 Etige
OV dils ol e bl calls Jas
sshieas Ly ragn (VA OLKes 5 Sas S
5 CES Ly S 8l SRS Ol e
5 b o, SISl sl b oS el S2S St
Wosls rl;;.'-\ o35 3 A Cowdd glaoyl sals slas
bl eY 51 Jol slie b1 =l o
Grispns Obs o Glls o SKle Ol s S
@ GrannY 5 pslal Gudls 2 Sleslinal b A3l
T TR 0% 5 A S50 03 Seske 1/00 il
0335l e ey 93 e Sl DslE Ao s
53 (Y0) OLKes 5 ey (V) L2 salie
G s 233 355) 5 S o 40 a5
sole b aglis 55 SEBAL (o) SISl eslina
sl adgm > b Eaise ety By el
S s ole ooslis eS80 ddlae 5 o
5 ol G a5 s S sl Ol @L:} Al
) 25 e 53 B 235 L 0I5 e |y 4l

G ok oo (VYY) OLes 5 gl
S eslinad b pdiS olS adly B m s 3550
SRSl slassls b OF amlie 5 b o2, S



G S e — g0ty 135 [ (655 S35 o3 59U o g &4 505

Gl S 2Ll 550 53 JS glatass 0gSU
ailie pl 5 L3l e p SR B0 S
sk ol kel Sl s sazel
ey Sl sl b Jbw @ SIS eslind
S, 55 cmess 5> GooOgle Earth Engine
Lol wilae o ol glam b sl 305
Lol s amlie 5 A Cotd slas Sl eslinad
iy se Glage b 53 el i8S SLLS G s s
N I L TR T [E

B yig; 9 g0
aLi.lP.- &pb‘ BE &A}ﬁ Lﬂ‘ :4&‘%})‘,& A.Eh}.d
23> Bl gy Ol Olal plrin 5 Ol 4
FOFILT L s LU ae b e 1VORD'TY
(O J52) w38 el 35 WA Jsb

60°34'0"E 60°35'0"E
1

3beslaad b O OA YY) Klasbasw o
e SO GRS Qs e e SUSS
S Rdls 4 5L 0L VL S5 L UlS s )
e o pde 5 d gz S Cans s ) glacdy
(V) 55 s
N Olgear (BTQ) (w3l O ,nim el (oo
S e SISEe 5l )
ol 5 e Lol Sl ol LSS50
Slp Gl Slhes Gpzes ol atis
5 SO Dl A3y G a6 S eIl
31 o3zl el candllas ol 3 ol ply el 0le
52 Hls G s e e 53 b o, S
B mopispe plrcay oK slesy ol
WS slatash o a s b3S
e Sl sl e slaen Sl
s oaslas kil s sl oL ETa
ol e (Y 00) Wl el s jlas

60°36'0"E 60°37°0"E
1 1

35°18'0"N 35°19'0"N
1 1

35°17°0"N
1

35°18'0°N 35°19'0"N

357'0°N

T T
60°34'0"E 60°35'0"E

T
60°36'0"E 60°37°0"E

.S+P) «')L.»‘J‘"- Ol rl?g',.a; Sl 43 M&Aé;ydh}ﬂj‘ ‘;_"Ld—\ JS.Z

Figure 1. A view of the studied area in Torbat Jam Plain, Razavi Khorasan Province.
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Figure 2. Map of Land cover on study area on 9/7/2019.
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Table 1. Coding of the days of collection of Sabal evapotranspiration images.

&=t Nty &=t NGy &=L itY &=L itY &b s &=t NtY
Date Code Date Code Date Code Date Code Date Code Date Code

11/8/21 121 29/1/20 97 16/6/18 73 13/8/16 49 15/1/15 25 17/5/13 1
27/8/21 122 14/2/20 98 2/7/18 74 29/8/16 50 31/1/15 26 18/6/13 2
12/9/21 123 1/3/20 99 18/7/18 75 14/9/16 51 5/4/15 27 417113 3
28/9/21 124  18/4/20 100 3/8/18 76 16/10/16 52 21/4/15 28 7113 4
14/10/21 125 4/5/20 101 19/8/18 77 1/11/16 53 7/5/15 29 5/8/13 5
30/10/21 126 5/6/20 102 4/9/18 78 5/2/17 54 23/5/15 30 21/8/13 6
15/1/21 127 21/6/20 103 /9/18 79 9/3/17 55 24/6/15 31 24/10/13 7
1/12/21 128 23/7/20 104 6/10/18 80 12/5/17 56 10/7/15 32 11/12/13 8
17/12/21 129 8/8/20 105  22/10/18 81 28/5/17 57 26/7/15 33 28/1/14 9
3/2/22 130  24/8/20 106  9/12/18 82 13/6/17 58 11/8/15 34 13/2/14 10
19/2/22 131 9/9/20 107  25/12/18 83 29/6/17 59 27/8/15 35 17/3/14 11
2414122 132 25/9/20 108 27/2/19 84 15/7/117 60 12/9/15 36 18/4/14 12
26/5/22 133  11/10/20 109 31/3/19 85 31/7117 61 14/10/15 37 4/5/14 13
11/6/22 134 27/10/20 110 2/5/19 86 16/8/17 62 30/10/15 38 21/6/14 14
27/6/22 135  14/12/20 111 19/6/19 87 1/9/17 63 15/11/15 39 77114 15
13/7/22 136 31/1/21 112 5/7/19 88 17/9/17 64 1/12/15 40 23/7/14 16
14/8/22 137 16/2/21 113 21/7/19 89 3/10/17 65 18/1/16 41 8/8/14 17
30/8/22 138 4/3/21 114 6/8/19 90  19/10/17 66 19/2/16 42 24/8/14 18
15/9/22 139 5/4/21 115 22/8/19 91 4/11/17 67 6/3/16 43 9/9/14 19
1/10/22 140 23/5/23 116 7/9/19 92 20/11/17 68 25/5/16 44 25/9/14 20
17/10/22 141 8/6/21 117 23/9/19 93 6/12/17 69 10/6/16 45 11/10/14 21
20/12/22 142 24/6/21 118 9/10/19 94 28/3/18 70 26/6/16 46 12/11/14 22
21/1/23 143 10/7/21 119  25/10/19 95 29/4/18 71 12/7/16 47 14/12/14 23
22/2/23 144 26/7/21 120  28/12/19 96 31/5/18 72 28/7/16 48 30/12/14 24
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Table 2. The Statistical indicators used in this research to assess the different methods of evapotranspiration.

o sllas e N &bl sla el
Perfect value Equations Statistic metrics
SN (b0 = )t — P . .
1 cC = N<n= et g S
\/%ZE=1(fn B f)z J%ZE:l(rn )2 Correlation coefficient (CC)
0 RBIAS = Yoo (fa — 1) s bl
PRNIEN Relative BIAS (RBIAS)

N -
1 ot Dl o (L 2y
0 RMSE = —Z(fn —1,)? 7 ’
N ] Root Mean Squared Error (RMSE)
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n Mean Absoulte Error (MAE)
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Table 3. Statistical parameters of reference crop evapotranspiration calculation data using two methods:
FAO_Penman_Monteith, and Sebal method.
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ETsebal ETo Index
4.128 7.485 Mean
3.434 7.537 Median
2.248 3.846 Std
0.878 0.909 Min
14.810 14.786 Max
1.483 0.009 Skewness
2.553 4.125 Q1
3.434 7.537 Q2
5.465 10.634 Q3
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Figure 4. Evapotranspiration values of reference crop evapotranspiration using FAO Penman-Mantith
method and actual evapotranspiration using the Sabal method during the statistical period.
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Table 4. Statistical parameters of the comparison of reference crop evapotranspiration the FAO Penman-
Mantith method and actual evapotranspiration by the Sabal method.

Uax 3llae SSLe o b o ley po (S0ke 4l St o olo
MAE RBIAS RMSE CcC Month
3.62 -0.45 4.56 0.59 All data
4.14 -0.47 4.98 0.55 Jan
0.91 -0.19 1.15 0.47 Feb
1.26 -0.20 1.48 0.65 Mar
1.45 -0.18 1.65 0.70 Apr
2.90 -0.33 3.45 0.61 May
5.90 -0.51 6.15 0.38 Jun
7.31 -0.57 7.58 0.42 Jul
571 -0.54 6.01 0.61 Aug
4.44 -0.54 4.76 0.37 Sep
231 -0.38 2.90 -0.06 Oct
0.84 0.03 1.14 0.30 Nov
1.01 0.19 1.26 0.13 Dec
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Figure 5. The diagram of evapotranspiration method (ETo and ETc) with actual evapotranspiration
by Sabal's method.
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Figure 6. Scatter plot and regression line of reference crop evapotranspiration and crop evapotranspiration by
Fao-Penman-Monteth method and actual evapotranspiration method with Sabal algorithm.
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