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Abstract

This study aimed to evaluate the performance of the SEBAL and WaPOR
algorithms in estimating ET. and WPer in agricultural lands of the Urmia
Lake Basin and to compare their results with field measurements. In this
study, 26 selected agricultural fields and orchards, including wheat, potato,
alfalfa, sugar beet, sunflower, onion, squash, tomato, maize, apple, walnut,
almond, grape, and plum, located in East Azerbaijan and West Azerbaijan
provinces, were monitored during the 2022-2024 growing seasons. Field
data, including irrigation water volume, soil moisture, crop yield, biomass,
and other parameters required for calculating ET, based on the water balance
method, were collected. The outputs of both algorithms were then validated
against field measurements using statistical indices, and their performance
was evaluated for potential application at the basin scale. The statistical
indices RMSE, R2, MAE, EF, NRMSE, and MBE were used to evaluate the
algorithms. The results showed that both algorithms underestimated ETa
compared with field-measured ET.. On average, SEBAL estimated ET,
28.48% lower and WaPOR approximately 33.24% lower than the field-
measured values. However, the WPer values obtained from SEBAL and
WaPOR were 29.04% and 34.48% higher, respectively, than the
corresponding field-measured values. The RMSE for ET, estimation using
SEBAL was approximately 10.40% lower than that obtained using WaPOR,
indicating the higher accuracy of SEBAL under the conditions of the study
area. The RMSE for WPer estimation using SEBAL was approximately
21.72% lower than that of WaPOR. Furthermore, the coefficients of
determination (R?) for ET. and WPer were 0.97 and 0.98, respectively, for
SEBAL, and 0.94 and 0.981, respectively, for WaPOR, indicating the greater
ability of SEBAL to represent variations in these indicators compared with
WaPOR. Overall, the results showed that SEBAL provided higher accuracy
and reliability than WaPOR for monitoring actual evapotranspiration and
actual water productivity at the field and orchard scales. .
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Figure 1 — Land use and an overview of the Urmia Lake Basin (JICA, 2016)
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Table 1 — Specifications of the monitored farms/orchards in the Urmia Lake Basin

299 31 emia (s bl Olaise &)U Coluo S\l s Jyasw Bwrg 5/ ¢y liaw oeav s
Remote Sensing UTMy(m)  UTMx(m) Candild y3 s (;u2) Irrigation Method Crop Country/Village Code
Method Harvest Date Planing Date  Area(ha)
WaPOR , SEBAL 4197114 579518 1402.04.15 1401.08.15 6.87 Gy oS ojub—paS Z55 el oS! EAST1
Border Strip Irrigation Autumn Wheat Osku / Sarin Diza
SEBAL 4190844 607917 1402.07.01 1402.01.01 0.3 ol Ebmgo)S Sl gl EAST2
Surface Irrigation Walnut (Orchard) Osku / Eskandan
WaPOR , SEBAL 4167394 574893 1402.04.15 1401.08.15 6.51 Gy e)S ojmb—paiS ool patl ya0s )3 EAST3
Border Strip Irrigation Autumn Wheat Azarshahr / Shirin Amin
SEBAL 4131745 598610 1401.04.15 1401.02.25 0.85 Sly ) 05lop o) o wlils/oby EAST4
Border Strip Irrigation Spring Potato Bonab / Chelghayi
SEBAL 4149660 577747 1402.05.15 1401.12.21 0.8 Gy oS o)l 5Ly SIS s Coxe EASTS
Border Strip Irrigation Spring Onion Ajab Shir / Danalo
SEBAL 4149580 577202 1402.06.26 1401.02.01 1.15 Sy gloshad 05l lgaS SIS/ s Coxe EAST6
Drip Tape Irrigation Spring Pumpkin Seed  Ajab Shir / Danalo
WaPOR , SEBAL 4152299 573738 1402.06.15 1402.01.01 10.8 Bye e l-plal sUlsgaseal p coxe EAST7
Flood Irrigation Almond (Orchard) Ajab Shir /
Mahmoudabad
WaPOR , SEBAL 4138090 595110 1402.04.15 1401.08.16 10.7 Gy oS 0jmb—paS Sy cudigy ol EAST8
Border Strip Irrigation Autumn Wheat Bonab / Rosht-e Bozorg
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SEBAL 4113627 590387 1402.04.10 1401.08.08 1.19 Sl @S ol pas sbsilss/ Lo EAST10
Border Strip Irrigation Autumn Wheat Malekan / Yulghunlu
SEBAL 4109987 592483 1402.06.15 1402.02.01 1.25 >l L oSl Al ol 1 SLe EAST11
Surface Irrigation Grape (Orchard Malekan / Tazeh Qaleh
SEBAL 4107863 598547 1401.05. 15 1401.03.03 0.62 Solgs sl ok 0yl 58 dnoS MR WRNIN EAST12
Drip Tape Irrigation Spring Tomato Malekan / Mollasarab
SEBAL 4108825 594478 1401.05.15 1401.03.01 11 &)l gl oylab oyl S35 dnsS asls o515 S Lo EAST13

Drip Tape Irrigation

Spring Tomato

Malekan / Tazeh Qaleh
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Continuation of Table 1 — Characteristics of the Farms/Orchards Monitored in the Lake Urmia Basin

293 51 piesw v, e Olae &b coluo Y Jypame Blawg 5/ ¢y Uy a5
Remote Sensing UTMy(m) UTMx(m) Cudld cuis (;usa) Irrigation Method Crop Country/Village Code
Method Harvest Date  Planting Dte ~ Area(ha)
&)y el ojhad o)loe —<yd S Mol Sl gilee
SEBAL 4086103 594060 1401.06.15 1401.03.15 161 Drip Tape Irrigation Spring Maize Miandoab / Mollakandi WESTL
SEBAL 4087561 598375 1402.05.15  1402.12.20 1 &)ls gl oylad oyl 45 gl Slgails WEST2
Drip Tape Irrigation Spring Onion Miandoab / Sughli
Tapeh
SEBAL 4094065 579854 1401.12.29 1401.01.01 4.15 Sht 0,lop—dog o5y 0355/3bke WEST3
Sprinkler Irrigation Spring Alfalfa Mahabad / Gazdeh Rash
WaPOR 4 SEBAL 4079127 569920 1402.04.15 1401.08.15 11.6 ojb—pais oilds 31/ sblgeo WEST4
Surface Irrigation Autumn Wheat Mahabad / Agrighash
SEBAL 4077572 569295 1402.07.01 1402.01.01 2 b ool )51/ sblgo WEST5
Surface Irrigation Apple (Orchard) Mahabad / Agrighash
WaPOR , SEBAL 4087069 561399 1402.07.01 1402.01.01 7.66 sl o ka3 Elmcam [T WRINTI WEST6
Drip Irrigation Apple (Orchard) Mahabad / Kuseh
Kahriz
SEBAL 4087170 539110 1401.07.01 1401.01.01 1.86 b zplosds WEST7
Surface Irrigation Apple (Orchard) Nagadeh / Dizaj
SEBAL 4088021 538573 1401.07.01 1401.02.01 2.48 Shb 0o i zpdlosis WESTS8
Sprinkler Irrigation Spring Sugar Beet Nagadeh / Dizaj
SEBAL 4087357 528381 1402.06.26 1402.02.01 1 St o,)leg— g8 b,8/00i5 WEST9
Sprinkler Irrigation Spring Pumpkin Nagadeh / Qarna
SEBAL 4173427 509077 1401.06.10 1401.02.01 0.57 &g sl o a3 oyl S b dsS il dgag) WEST10
Drip Tape Irrigation Spring Tomato Urmia / Baghestan
SEBAL 4154462 522026 1402.06.15 1402.02.01 0.81 Eb,s5l WY 2b jlas/ay)) WEST11
Surface Irrigation Grape (Orchard) Urmia / Hesar Haji Lar
SEBAL 4176594 510178 1402.07.01  1402.01.01 11 gyl £l cslSr o)l dgng)) WEST12
Surface Irrigation Plum (Orchard) Urmia / Sari Biglu-ye
Cheragh
SEBAL 4183625 507212 1402.06.15 1402.02.20 1 s 0 )loem oI, el 5L 550l dges )| WEST13

Surface Irrigation

Spring Sunflower

Urmia / Bashlan Bushlu
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Figure 2 — Seasonal comparison of ETa in farms derived from the SEBAL algorithm (ETa-sesaL), field measurements
(ETa-Fied), and standard water requirement (ETc-standard)
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Figure 3 — Seasonal comparison of ETa in orchards derived from the SEBAL algorithm (ETa-sesaL), field
measurements (ETa-Field), and standard water requirement (ET c-standard)
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Figure 4 — Seasonal comparison of ETa in farms derived from the WaPOR algorithm (ETa-waror) and the SEBAL
algorithm (ETa-sesaL), compared with field measurements (ETa-rield) and standard water requirement (ET c-standard)
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Figure 5 — Seasonal comparison of ETa in orchards derived from the WaPOR algorithm (ETa-waror) and the SEBAL
algorithm (ETa-seeaL), compared with field measurements (ETa-rieid) and standard water requirement (ET c-standard)
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Figure 8 — Comparison of WPet in farms derived from the WaPOR algorithm (WPwaror) and the SEBAL algorithm
(WPsesaL) with field measurements (WPField)
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Figure 9 — Comparison of WPEeT in orchards derived from the WaPOR algorithm (WPwapor) and the SEBAL
algorithm (WPsesaL) with field measurements (WPFrield)
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