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Background and Objectives: 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 (ETO0) 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
(CQC), 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 (R?=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.
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Figure 1. A view of the studied area in Torbat Jam Plain, Razavi Khorasan Province.
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Table 1. Coding of the days of collection of Sabal evapotranspiration images.

&b s &b s &b s &b s &b s &b s

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 4/7/13 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 512117 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
24/4/22 132 25/9/20 108 27/2/19 84 15/7/17 60 12/9/15 36 18/4/14 12
26/5/22 133 11/10/20 109 31/3/19 85 3177117 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 7/7/14 15
13/7/22 136 31/1/21 112 5/7119 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.
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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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4.128 7.485 Mean
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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.

Uas 3las - Sleo s bl Uat Sl o (S0le 4o Sad 5 olo
MAE RBIAS RMSE CC 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
5.71 -0.54 6.01 0.61 Aug
4.44 -0.54 4.76 0.37 Sep
2.31 -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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Figure 7. Heatmap plot of statistical parameters comparing evapotranspiration method (ETo and ETc¢) with
actual evapotranspiration by Sabal's method.

W



AEXA g b)lo*:} AR 2,90 ch&g ui cblas duuﬂ”sr’

IS (8 5 A
5 Sloolsale lacsly 4 wmes 58l
ob c)}b)'\ujedwu 6&&& S Ll 6LACA3JJM._:'
.,\.A.:\).?L;d LY "L‘SJG )\‘}AA Ls'.’.u°l'<':““'" Ls\j" b
b Sonp 1, calie Oleind by O Sl eslizd
Slolsale ET s gladas ool ool 5 s
el ogline Calis DY pame 5 Lo Bl s Je
iy 8 AlS G ms s Gbid 4 5 L
Olis 4 25000 il a0 M5 Aoy o]
S8 slp by sl bl sl wb 5 ol
d.il.«hUa;- S 9 J.Jbéucdb-u{‘b CJ;J}&:)J ot:.f
oy el olsa g_.JI slresls ngﬂcu,- 33
g:,.gjja) D9y Sl cé.)s:.i))} U’:‘JU nb.ﬁ 6[.0.5 chz
ij@@uw‘fpubﬁcr:ﬂs(\,\&)|}h
sl cdlae a gl LS (s s RS
sl Lol en Jpans lalisy a4 Oy s
oslazal (glolsale 5 slat 3l eslinal Aile gdid
Gl Gbla sl 1y oS Gy — g 5 35
5,8 apsle (glabis wlde 53 5 03 1S O s
S i L gl Sl eslatal LoaS el )
;5::}\)4" Q\jj&d COJJ;MK Jm:lﬁ L> 9 wLﬁ
53 g adaie pa (gl olS B s s a3ly slaatds
ol e 5 3L, se ST e &S Aas e
J*';\J J.:JLE.a (_JLM g)i:)) S LS sdalie ‘U’:AJJL'-’:

LS o dsle I3 LB 2l L G a s

wy

25 0k Ul sk ol w4 axs L
Ui\ Lol )\5)‘32')-’ (_ajx.;—fmj DJJTJ'f B JYL

e

s a5l remes 3l eslinal &S ks e Ol @L:.}
2 O Gt Slp S s WL by,
S able 53 ensa el Sop gla b
s Led s eres 0 llles slacsls
O 0 g g Clds adee 55 (V0)0) s,
oy 35 e CAAY) VL Saes 50 0l
Cowsts s 23l5 5 m 5 e 5 pliS G555 s
anslio b 5o (Yo 0) Ol 5 (6556 (Y1) K50
oS ol5e 53 e oS B a5 Jlw B
L3551 Sz Jo3 BB 5 wlie mls oMl cis
olie alio U 55 (P01 0) 0Lan 5 oemsy (YY)
B Else ey o 4 O eddasle
SosliS S wile 5 ol b 3
23 a3l b s, 5 0L s ol
L5l Cenzay @lisy 5 ela Gomis s pass
S s 55 50 (YY) 0L, 5 g 6 (VYY)
O ped aesllo b S 5 55 adee 53 55 5
plw (u;f a3 5 Jawesy glaesls L Jl
AR FERCH NV WIS PN U VR WP PSS
Lol adlas 53 Lled o acloes | pS G jai s s
Fore dhw b sddaln O nig s sl
SewaY g edd (g Seilhl G as s
by 3 5 (YY) (SLos ol O08) 5
Jlw Je s 668 Loyl aS 5 4l 55 Yenicaga
Jde 50 ObT andlas s L S Iy See slaesls
(V) 350 35500 St 1 alias Gomis s b
(YAYY) 555 5 4S5 53 (To7)) 0L 5 sl
Léjx_?))_?w ﬂ;Lin S Wsls olis Jo A
Ciis omn $6 i, U SEBAL .iiuls

(/\ LV) .5)\} &YL Q.E.:Uaﬂ



B 1A — G0y 135 [ e (5531 S35 581 o g 0 55

djf\.w.d OM‘}.’ L> A.SKA b aosls U"\ !

bl o An BB

Blo o,
Q{\}JJ\J& sz.-) L;Qﬁbﬁ uﬁ)l&} Jlis Ui\ o

ol BBty 55 aen Al 5 50 Jlia

&L?M’ “9.; C;f)m
@ pwpwd Kl adlae ol il >l e
LLa},.JUT daesls  (g5luestal (olsenls 5 Laesls

Silboale 5 ol (uld sy 5 G b
] eJ.Z<=l>u‘ Jlie U"\ d)‘ e.)\..w.:}; .]a.wj; Jlas

SN Jgeo!

4B 55 gosn Gl 5 Blessed Soles es

Al e LOT aan

b Colos
oS LB s gasn ol 3l b coles

ol CERY ijUQAJ‘ J)lc.)wwif &JA-}}-’-

1.Noori, R., Maghrebi, M., Jessen, S.,
Bateni, S. M., Heggy, E., Javadi, S.,
Noury, M., Pistre, S., Abolfathi, S., &
AghaKouchak, A. (2023). Decline in
Iran’s groundwater recharge. Nature
Communications, 14 (1), 6674. https://
doi.org/10.1038/s41467-023-42411-2.

2.Monteith, J. L. (1965). Evaporation and
environment. Symposia of the Society for
Experimental Biology, 19, 205-234.

3.Allen, R. G., Tasumi, M., & Trezza, R.
(2007). Satellite-Based Energy Balance
for Mapping Evapotranspiration with
Internalized  Calibration (METRIC)-
Model. Journal of Irrigation and
Drainage Engineering, 133 (4), 380-394.
https://doi.org/10.1061.

Yy

ooy ol 3l el &S das e LS @L:j o2
sba ol Cle adlaes; g aibie 55 Ll
SEBAL p-’-i)ﬂ‘ S das e Ol el oD
O s Sl owle 550 K
Sl S Jpl S Ol Ll o 5 ol J pas
clie glacn) nlo 5 golse o3 ol e o e
b Lix 4 lgsa STl gl eslial S s
slao, s 3 1, uT b e Sl LS 0 SWS uT

Al o Pl 0 Lol oS

S g a8

L;Lﬁ U’;)}J @.:zﬂ 9 L;.NLJ:‘)A 6&0:‘3 44.@.':' BL
el L3 Okl b ules e plr

o pwd g SleMb! (adly
Ol g ol ga oslsl 51 Zmgss ol (glaesls
Ui\ Ls\e)‘)ALd LSLA@J\J sl oL rt}-@;ﬁ

ol by elil 855 able 51 i,

4.Zamani Losgedaragh, S., &
Rahimzadegan, M. (2018). Evaluation of
SEBS, SEBAL, and METRIC models in
estimation of the evaporation from the
freshwater lakes (Case study: Amirkabir
dam, Iran). Jowrnal of Hydrology,
561, 523-531. https://doi.org/10.1016/j.
jhydrol. 2018.04.025.

5.Rawat, K. S., Bala, A., Singh, S. K., &
Pal, R. K. (2017). Quantification of wheat
crop evapotranspiration and mapping: A
case study from Bhiwani District of
Haryana, India. Agricultural Water
Management, 187, 200-209. https://doi.
org/10.1016/j. agwat. 2017.03.015.



AEXA g D)Loa:} AR 2,90 le&g ui cblas le.&:vuég).’

6.Evcen, A., & Yagci, A. L. (2022). Gergek
Evapotranspirasyonun Landsat Uydu
Goriintiileri Kullanarak SEBAL Modeli
ile Hesaplanmasi: Bolu/Yenicaga Ornegi.
Turkish Journal of Remote Sensing and
GIS, 3 (2), 172-182. https://doi.org/
10.48123/rsgis. 1126221.

7.Shamloo, N., Taghi Sattari, M., Apaydin,
H., Valizadeh Kamran, K., & Prasad, R.
(2021).  Evapotranspiration estimation
using SEBAL algorithm integrated with
remote  sensing and  experimental
methods. International Journal of Digital
Earth, 14 (11), 1638-1658. https://doi.
org/10.1080/17538947.2021.1962996.
8.Dhruw, M., Pandey, V. K., & Verma, S.
(2023). Actual Crop Evapotranspiration
Estimation of Wheat Crop Using SEBAL
Algorithm and Remotely Sensed Data.
Current Journal of Applied Science and
Technology, 42 (20), 15-25. https://doi.
org/10.9734/cjast/2023/v42i204150.
9.Vicente Liendro Moncada, J., José Aratijo
da Silva, T., José, J. V., Bonfim-Silva, E.
M., Fenner, W., & Oliveira, N. P. R. de.
(2022). Evapotranspiration mapping of
cotton fields in Brazil: Comparison
between SEBAL and FAO-56 method.
Geocarto International, 37 (17), 5133-5149.
https://doi.org/10.1080/10106049.2021.1
920633.

10.Nosrati, K., Mohseni Saravi, M.,
Ahmadi, H., & Aghighi, H. (2015).
Evapo-transpiration  estimation  in
Taleghan Drainage Basin using MODIS
images and SEBAL model. Journal of
Range and Watershed Managment,
68 (2), 385-398. https://doi.org/10.
22059/jrwm. 2015.54937.

11.Karbasi, M., Moghadam, M., Nikbakht,
J., & Kaviani, A. (2016). Estimation of
crop actual evapotranspiration using
SEBAL  algorithm (Case  study:
Khoramdareh region at Zanjan province).
Iranian  Journal  of  Ecohydrology,
3 (3), 427-437. https://doi.org/10.
22059/ije.2016.60031.

12.Goshehgir, A. S., Golabi, M., & Naseri,
A. A. (2018). Comparison of actual
evapotranspiration  estimated  using
gram-schmidt method and SEBAL
algorithm with lysimeteric data (Case

\h%3

study; Amir Kabir Sugarcane Argo-
Industry). lran-Water Resources Research,
14 (1), 125-139.

13.Rahimi, S., Gholami Sefidkouhi, M. A.,
Raeini-Sarjaz, M., & Valipour, M.
(2015). Estimation of actual
evapotranspiration by using MODIS
images (a case study: Tajan catchment).
Archives of Agronomy and Soil Science,
61 (5), 695-709. https://doi.org/10.
1080/03650340.2014.944904.

14.Morshedi, A., Jafari, H., & Onabi
Milani, A. (2022). Estimation of Actual
Evapotranspiration of Wheat Using
SEBAL  Algorithm Compared to
Lysimetric Results under Standard
Conditions in Tabriz and Karaj Research
Stations. Journal of Water Research in
Agriculture, 36 (1), 21-33. https://doi.
org/10.22092/jwra. 2022.356223.896.

15.Kamyab, A. D., Mokhtari, S., &
Jafarinia, R. (2022). A comparative
study in quantification of maize
evapotranspiration for Iranian maize
farm using SEBAL and METRIC-1
EEFLux algorithms. Acta Geophysica,
70 (1), 319-332. https://doi.org/10.
1007/s11600-021-00704-4.

16.Yagci, A. L., & Santanello, J. A. (2018).
Estimating Evapotranspiration From
Satellite Using Easily Obtainable
Variables: A case study over the
Southern Great Plains, U. S. A. IEEE
Journal of Selected Topics in Applied
Earth  Observations and  Remote
Sensing, 11 (1), 12-23. https://doi.org/
10.1109/JSTARS. 2017.2753723.

17.Li, Z. L., Tang, R., Wan, Z., Bi, Y.,
Zhou, C., Tang, B., Yan, G., &
Zhang, X. (2009). A review of
current methodologies for regional
evapotranspiration  estimation  from
remotely sensed data. Sensors (Basel,
Switzerland), 9 (5), 3801-3853. https://
doi.org/10.3390/5s90503801.

18.Mohan, M. M. P., Kanchirapuzha, R., &
Varma, M. R. R. (2020). Review of
approaches for the estimation of sensible
heat flux in remote sensing-based
evapotranspiration models. Journal of
Applied Remote Sensing, 14 (4), 041501.
https://doi.org/10.1117/1.JRS.14.041501.



B 1A — G0y 135 [ e (5531 S35 581 o g 0 55

23.Allen, R., Tasumi,

19.Bastiaanssen, W. G. M., Noordman, E.

J. M., Pelgrum, H., Davids, G.,
Thoreson, B. P., & Allen, R. G. (2005).
SEBAL Model with Remotely Sensed
Data to Improve Water-Resources
Management under Actual Field
Conditions. Journal of Irrigation and
Drainage Engineering, 131 (1), 85-93.
https:// doi.org/ 10.1061/ (ASCE)0733-
9437(2005)131:1(85).

20.French, A. N., Hunsaker, D. J., Sanchez,

C. A., Saber, M., Gonzalez, J. R., &
Anderson, R. (2020). Satellite-based
NDVI crop coefficients and
evapotranspiration with eddy covariance
validation for multiple durum wheat
fields in the US Southwest. Agricultural
Water Management, 239, 106266.
https:// doi.org/ 10.1016/ j.agwat.2020.
106266.

21.Allen, R., Pereira, L., Raes, D., & Smith,

M. (1998). Crop evapotranspiration
guidelines  for  computing  crop
requirements. FAO Irrig. Drain. Report
modeling and application. J. Hydrol.
285, 19-40.

22 Bastiaanssen, W. G. M. (2000). SEBAL-

based sensible and latent heat fluxes in
the irrigated Gediz Basin, Turkey.
Journal of Hydrology, 229 (1), 87-100.
https:// doi.org/ 10.1016/ S0022-1694
(99)00202-4.

M., Trezza, R.,
Bastiaanssen, W., & Waters, R. (2002).

Yo

25.Zare khormizi, H.,

Surface Energy Balance Algorithms for
Land. Advanced Training and User’s
Manual-Idaho Implementation, Version
1.0, 97p.

24.Ghaemi., M., Raeini Sarjaz, M., &

Mosavi, M. (2013). Estimating the crop
coefficient and the water requirement of
the Gascogne wheat by using energy
balance method in Mashhad. Irrigation
and Water Engineering, 3 (3), 58-68.
Tavili, A., &
Ghafarian Malamiri, H. R. (2021).
Estimation of Actual Evapotranspiration
Using  SEBAL  Algorithm  and
Comparison with Improved FAO 56
Standard Evapotranspiration with KC-
NDVI Relationship. Iranian Journal of
Remote Sensing & GIS, 13 (3), 73-92.
https:// doi.org/ 10.52547/ gisj.13.3.73.
[In Persian|

26.Ghamarnia, H., & Rezvani, V. (2015).

An Estimation of Evapotranspiration
Using SEBAL Method and its
Comparison with Penman-Montieth A
Case Study of Bilevar Plain, Western
Iran. International Journal of Water
Resources Development, Vol. (III)-
No. (01), 16-31.

27.Ghaderi, A., Dasineh, M., Shokri, M., &

Abraham, J. (2020). Estimation of actual
evapotranspiration using the remote
sensing method and SEBAL algorithm:
A case study in Ein Khosh Plain, Iran.
Hydrology, 7 (2), 36.






