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Revised: 2025/07/23 | Evaporation serves as a significant factor in the hydrological deficit experienced by Lake
Accepted:2025/08/20 Urmia, thereby exerting a vital influence on its overall water equilibrium. The evolution of
satellite sensor technology has facilitated the acquisition of a comprehensive range of satellite
imagery, underscoring the necessity for meticulous evaluation in the assessment of lake
evaporation. This research endeavor is designed to quantify daily evaporation rates from
Lake Urmia through the integration of Landsat 8 and 9 imagery from the year 2022, while
concurrently assessing the efficacy of physical, empirical, and remote sensing methodologies.
A comprehensive analysis was conducted on a total of 21 satellite images, wherein the
FAO56-PM, Priestley-Taylor, and Hargreaves-Samani models, in conjunction with the
remote sensing techniques of the Surface Energy Balance Algorithm for Land (SEBAL) and
Mapping Evapotranspiration at High Resolution and with Internalized Calibration
(METRIC), were executed within the Google Earth Engine (GEE) framework. The resultant
model outputs were corroborated against pan evaporation data obtained from the Urmia
meteorological station, which served as the reference ground truth dataset. The analysis
indicated that SEBAL, when utilized without a correction factor, exhibited superior accuracy,
achieving a Root Mean Square Error (RMSE) of 0.83 mm/day and a Nash-Sutcliffe Efficiency
(NSE) value of 0.48. Upon the implementation of a correction factor, the FAO56-PM model
produced optimal outcomes, with an RMSE of 1.04 mm/day and an NSE of 0.18. In summary,
SEBAL surpassed the performance of the other models, attributable to its dependence on
satellite-derived imagery. Moreover, the amalgamation of satellite data with empirical
modeling approaches holds significant potential for enhancing water resource management
strategies within the context of Lake Urmia.
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Introduction

ake Urmia, recognized as one of the most extensive hypersaline lakes globally, has
undergone a notable diminution in its water volume in recent decades, predominantly
attributed to elevated evaporation rates and anthropogenic influences. The pivotal
significance of evaporation within the hydrological equilibrium of this delicate ecosystem
has prompted a plethora of investigations directed towards enhancing the precision of
evaporation estimations. With the progressive developments in remote sensing
technologies, high-resolution satellite imagery has emerged as a formidable instrument
for the surveillance of environmental parameters across expansive regions. This
investigation employs both remote sensing methodologies and empirical models to
critically assess the efficacy of various approaches for estimating daily evaporation from
the surface of Lake Urmia. The models incorporated in this analysis encompass the
empirical FAO56-PM, Priestley-Taylor, and Hargreaves-Samani models, alongside
remote sensing-based frameworks such as SEBAL (Surface Energy Balance Algorithm
for Land) and METRIC (Mapping Evapotranspiration at High Resolution with
Internalized Calibration). The impetus for this research is rooted in the necessity for
accurate evaporation data to facilitate water resource management, inform conservation
strategies, and alleviate the adverse effects of water depletion in hypersaline ecosystems.
This study meticulously evaluates the advantages and limitations of each model through
an exhaustive review that also considers the spatial variability of evaporation across the
lake’s surface, taking into account the factors that contribute to heterogeneous evaporation
patterns. Ultimately, the research aspires to propose an integrated framework and identify
a dependable model for the continuous monitoring of evaporation in Lake Urmia.

Research Method

The investigation conducted in this research is predicated upon a dataset that encompasses
21 satellite images obtained from Landsat 8 and Landsat 9 during the year 2022. These
images underwent processing via the Google Earth Engine (GEE) platform to derive
critical parameters, including land surface temperature, albedo, and net radiation, which
are vital for the implementation of remote sensing-based models. Concurrently,
meteorological data—comprising variables such as temperature, relative humidity, wind
speed, and solar radiation—sourced from the Urmia station were utilized as input for the
empirical models. The empirical models employed in this investigation consist of FAO56-
PM, Priestley-Taylor, and Hargreaves-Samani, chosen for their relative simplicity across
diverse climatic contexts. Conversely, the SEBAL and METRIC models, which are
grounded in the principles of surface energy balance, were utilized for the estimation of
evaporation. These models leverage satellite-derived variables (including albedo,
vegetation indices, and emissivity) to compute energy balance components such as net
radiation, sensible heat flux, and soil heat flux, thereby facilitating the estimation of
instantaneous evaporation. A significant element of the methodological framework is the
incorporation of a correction factor of 0.76, derived from antecedent studies, aimed at
enhancing the efficacy of the empirical models. This integrative approach affords a robust
framework for the cross-validation of model performance and the exploration of spatial
variations in evaporation across the lake.

Results & discussion

The comparative examination of the models elucidated distinct performance attributes.
The remote sensing-based SEBAL model, implemented without any correction factor,
attained the highest accuracy, evidenced by an RMSE of 0.83 mm/day and an NSE of
0.48. These findings unequivocally illustrate SEBAL’s proficiency in capturing the spatial
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heterogeneity of evaporation by utilizing high-resolution satellite data. Subsequent to the
application of the correction factor, the FAO56-PM model exhibited notable
enhancement, yielding competitive outcomes with an RMSE of 1.04 mm/day and an NSE
of 0.18, albeit its performance was still inferior to that of SEBAL. The Priestley-Taylor
and Hargreaves-Samani models, notwithstanding their simplicity and user-friendliness,
demonstrated elevated errors, suggesting that these models may be less applicable to the
intricate environmental conditions of Lake Urmia. The spatial distribution maps of
evaporation derived from the model outputs indicated considerable variability,
demonstrating that evaporation rates fluctuate in response to alterations in water depth and
other surface-affecting factors. The discussion underscores that the integration of remote
sensing data with empirical models can yield satisfactory performance. The discrepancies
in model efficacy are ascribed to the diverse methodologies employed in calculating
energy balance components and the varying influence of meteorological conditions on
each model. These results highlight the significance of selecting an appropriate model
based on regional characteristics and accentuate the potential advantages of employing
combined methodologies to enhance the precision of evaporation estimates.

Conclusion

This investigation presents a thorough assessment of both remote sensing-based
methodologies and empirical models for quantifying evaporation from Lake Urmia. The
findings suggest that the SEBAL model, which exclusively utilizes satellite data,
demonstrates superior efficacy in elucidating the spatial heterogeneities in evaporation,
whereas the FAO56-PM model, when adjusted with a correction factor, exhibits
commendable performance. The integrative methodology that amalgamates satellite
imagery with meteorological data proves to be remarkably effective in the surveillance of
evaporation in extensive and intricate aquatic systems such as Lake Urmia. These results
hold significant implications for water resource administrators in devising efficacious
management and conservation strategies. Subsequent investigations ought to examine
additional correction factors and incorporate satellite data with enhanced temporal
resolution to further augment model precision.

The Journal of Spatial Planning
& Geomatics

3



29 75 9 398 3l i sWosld p (S jidd 3591 4 s e 2y 2U )
daogyl axl yo
*Yob‘éb ) S0 s“sﬂB ‘sbl.b

Ol Ol sl i a5 s ol (O e Sy e 5 pdige A1 2l Y

(J e oy 8) Ol OL5 (s (] 4l gt s oS00 ol e o e 5 piign 038 JLils LY

°~>~5~> VECF/ A el s gyl
bosyls OF T 0Dy o pags s 45 ol gyl azmlps s ol Gyt ol folse 1 S5 s L VIO ity 0,87
Lo il o3lézeul 45" el 425 ,8 41,5 o jtns 45 (3ulnts (slolsale sl ((slolpnle (gloodizmice b iy VTHY/MO/Y S iGhndy G050
ling i 20l s s o) Gls sl ol 83,0 oy o 0 Gl s ] 4 lod pebans o 3500 s
)fﬂww&"ﬂj T"T’T’JLWJ; ‘1_}/\ wﬂ&/by‘/}ﬁb/:/j[@"gﬂffwj/a)[i&»//g@j)/l{;r-éché.wj/
B Mﬂ}&;ﬂ/d/ﬂj{}@[d}f@“ r J/Ujb.aw/d/f@/‘;)jgj/wjdﬁ”‘ﬂﬂguJ#
3l imin sladts 5 Hargreaves-Samani  Priestley-Taylor FAO56-PM sl Lo
Mapping » surface energy balance algorithm for land (SEBAL)

Evapotranspiration at high Resolution and with Internalized Calibration
Sl dlade sl il (sl idd (s jlwesly Google Earth Engine L. ,» (METRIC)

oS by O gl i eslisal i 03ls Oyie 4 dpnsyl penlidlsn ol i 7 (slacs S iU
Root mean square error (RMSE) ¢/, 5 Slae o 2 o =Moo i Sl 05 SEBAL i
o b ot b33 QUL +/FA 5 g, 03 e dus +/AY 5w Nash-Sutcliffe efficiency (NSE) _
et g /I S3lea NSE. 5 5oy 5 ze Lo 1/0F L . RMSE ( FAO56-PM te ( ~>of
oed 25l 3 S Ul (Soslsals o slai il eslize] LJ> 4 SEBAL (it E o > il |
b o mlie Co e 1o Wlsi o ol Slodbe 5 (shoslsale slal oS5 ool o o dle il

b e )]

e sladide i il OO (s L*p-%)jfj/ 3l et o gl azlys e (sl o6 51s

rahimzadegan@kntu.ac.ir Jois sorgs ”

Lodlorss j97me ot g oo e o] s & g0y dllie ol (TMU Press) wjoe oy olSisls ol lasl Y+ Y0 Oyl S
Slale, 5 B o 501y Cllas () algs o Lo jzme 1l Lull .0 )ls 1,3 Creative Commons Attribution-NonCommercial 4.0
Gy dolin sl o1 5l g 00,8 S5 1 eatansi ol aSST by 4 camled 3luil g Gtalis 1y T bg S (Bl 5 5235k oo

L3S solaul

Soiloyi s ¢ ww':glof
¥


mailto:rahimzadegan@kntu.ac.ir

L e S

Aoudo .Y

sl (Seneetal, 1991) 555 o o sims LOT Ol idyyds 55 IS Jolse 51 S baxl o o 3l s
sl 5 T doles & uillssS o155 i) e om0 adie s i (¢S o3l ASle e s, s 3551 5
e sladde ol slaans > (Drexler et al., 2004; Rosenberry et al., 2007) & 55 o a3 S 1S 4 (55 5!
Jensen ) JuS oo qal b owe olde 53 1) oS e OISl &S Llail ane 5 oS 5 s s 5 s (G
s Kl s syl il |, Priestley-Taylor Jus (VaV4) " emS 5 s oo (& Allen, 2016
1 sles o33k (1880) OLGen 57 xu s als LS 1) Lisucols) s Shee mls & s IS @ ida 53 GasoS
sLi-Slol Penman Priestley-Taylor DeBruinfKeijman «s psb s 5 o35 bl seldss axbos 5o
Gk 5l ol i sua Ol FAO56-PM 5 Penman <¥sles Sl estizad b (Yo #) TG S isls 6 5VL <ds
FAOS6- e 5 1> VL (Soees gy 53 0pl 45 503 0L s 3 S 301y ooalas O ulss s s
bl L (YD) ohlas 581, I S8 Ly s mlie <33 L 1y o sl 5l 5s el 36 PM
sy Penman & e ¢ e s Shas (G35 (63555 leesls L FAOS6-PM Jue 45wl s Cilises sla s,
P LS WPV ;.J O3 3l Sl e

Loazlos JS @ sl glas,sln end s p e Jelge nle 5 mhaw slos G ks s«
ol 55 .(McJannet et al., 2012; Zamani Losgedaragh & Rahimzadegan, 2018) ol of jan  sla 2l
Simaetal., ) L, I3 eslatul 5540 axl s Tl Ol S e 3 S e s 5l e glaesls il
S5 5038 alp ) s aslows OIGl (3505 slaeals Plam b s 5l e 5 e sla by, (2013
Bastiaanssen et al., 2005; Zamani Losgedaragh & ) das o <l o Sl 5K ol uis 51 6 2
35500 ke ladte oLl oLl sl 4l o 3l s Coeal & 4 5 L. (Rahimzadegan, 2018
213 Sl Cenl s 51 rami s gladibe o5 s

tx 5 (ET) G pmim s pmess 5l g3dmte 535 3l tamion glaeis 55801 cgloslple (gloodiminn 5,00 L
(Bastiaanssen et al., 2005) wuS s wal b Jaome (slaosls 4 515 0ok | OF piiens o 3551 5 OISl a8 Lilaily
Fons e sl 5 O s & OIS e 053 3l e e 855 sl sladie e
ol s (METRIC) ¥ Jotls il 5 Yo (S8 s b 5 i s 428 g o555 (SEBAL)

! Eddy-Covariance Method

2 De Bruin & Keijman

3 Winter

4 Craig

5 Gallego-Elvira

¢ Surface Energy Balance Algorithm for Land

7 Mapping Evapotranspiration at High Resolution and with Internalized Calibration

Silogis 9 wv:glof
0



w28 Sllas 53 45 5 S o Lzl (SSEBOP) ¥ slles ol o3l w5551 Jsles 5 (SEBS) ‘e 35
(Ghahreman & Rahimzadegan, 2022; Zamani Losgedaragh & Rahimzadegan, 2018) Lle.s oslaz!
S A5 ol (Yo ) OLen 5 T T b 5 e 5 01,1 (044A) O an 57 bzl Jaw 5 1ol SEBAL J ke
el 53 01 33 o |zl ilsee ol Lol 2 55 dute ol o OIS sl (hoally s cp s 4 e
J4 .(Bastiaanssen et al., 2005) ol eds 5158 Aoy 47 540 AD g w aVle 5 Lab s
Al b ome (Yoo V) 0L Kes 5 ) L s 50 METRIC

Sl el ladle js il Sl wlde 53 sl 55ls 5 555w G s Google Earth Engine (GEE)
sladde gl DGl S ol (Gorelick et al., 2017) el 3 5 13 Oliie 5 3550 Of e o ke
53 S ol 3L e 5 Sley <35 L |y METRIC 5 SEBAL wile 05— s 3,51 2 (5055 3l Lo
5 Slealy il slaoilBl s G- o bl 6l GEE lams 53 1) ladis cpl (et Oliime il
(Allen et al., 2015; Laipelt et al., 2021; Mhawej & Faour, 2020) x> Sz sLael

S aasl o3 ) s Sl e » e (9550 Dol gladde 5 Sloslsale pslar LI (gauaze s
L1, SEBS ;s METIC SEBAL (sladus (Y+\A) 0831505 5 P31 Sy L iles S o5 sl sl
o5 LSEBS Jis a8 il j3 5 3 S ooy p OF Gl bl (05,58 (glacimes 5 oS wsl A 3 Conedd o V8
ls ggtlae 3 Sas 5o, 55 e Jue /Y 5 oA C5 5 4 RMSE) Gl o Kl Sl glast 5 (RT) s
axls o glos 5 S (Sl ghuaib b5 x| GEE s 1, METRIC Jowe (Y+Y) O an 57Ul
OB 33 5 Y0l g8 A sdaliie +/4) Sl b oy sdS L el (St o 20 0T Ole 3 o8 L3 S aylie
s Priestley-Taylor FAO56-PM L |, METRIC ; SEBAL ladds «cwdd pgas YY L (Y4YY)
N alSSle- i 2,8 L FAOS6-PM 5 Kimberly-Penman 45 sl s 5 o5 S «wslis Kimberly-Penman
ol L (Y15) 0Ll 57 b e s o e O 51 s 3 6 2 5 Shes +/YF 5 +/50 5 5 s (NSE)
sl dralowe Olgs slo S 5L aSls5b a5 S 3550 15 U 3T s LB 5 L, pSls slaes s 51 s SEBS Jue
3 o dp Ao YV 5 YN (IRMSE) i Sla o :0ke S sllax Gls o 5 a0 baaz b s ool 3
S L s s e sl s il slas Sl eslinal L 1, SSEBOp 5 SEBAL (sladus (Y+Y1) 050>

! Surface Energy Balance System

2 Operational Simplified Surface Energy Balance
3 Bastiaanssen

4 Allen

5 Zamani Losgedaragh & Rahimzadegan

¢ Fadel

7 Ghahreman & Rahimzadegan

8 Nash-Sutcliffe Efficiency

° Abdelrady

10 Rahimpour & Rahimzadegan

Soiloyi s ¢ wwfglof

?



L e S

el aslie oS oLl el el 5 Wbl Agd d e 3 YA JLe 6l (MODIS) Lo 2o S5
sl 53 s Jue VA/A L ol RMSE luie gl,ls SEBAL Jute 45 3ls 0L s (glodalie slaesls b lade o]
(il sladas s MODIS 5l sl uu;,Q\t{<w~\)¢L§;1)~r,~UouJ€5 RYVRYL QN S C IO SN
OLen 5! A e DL 4l Tl 03 S a8 Al 5 A S 3555 1 aes) 4zl gl Ol s
Sl 25 5 5053 ) e Sladie s A o sl Sl aagsl amlps law 51 S 3550 sl (Y4Y0)
e ML NSE L METRIC Jus 48 515 0L a0l aallae sl s S eslizal Y410 LYY L
ol s Sles

Gl (13 0 ged Sl alosls 0155 o A Conedd b OF (gloosls 31 oS 5 oslizadl 54 G ol pale O, L
slaesls cpl 5l ckias o OLES ols w)y p Slllas a5, sboles (Chen et al., 2024) 515 zals 55, A a1,
Ll A cdd (glaosls b Jais 55 i Sladllas 5 el 0l oslized ago syl axlps 51 e 5,50 5 gl eyl
sbadte oLl 5 amsol ezl e 5l &lis, ol F5 ambe S5 adlee ol G (ol by clled
Ll ol o3 sl ol (g3lwenly Laosls opl b oS (slojlgale sl oo e (§555 5l Jhomw 5 o 20 cilibes
S slads s METRIC 5 SEBAL (gle)lsabe solas 5 sxe (6593 31 ramw (6550 doles slade
Llodd exlizl s tass 55 slos 28 5k 4 5 Hargreaves-Samani  Priestley-Taylor FAO56-PM
s ol o Sl e L | I GEE Laes )5 Cote sladde cbia ol Gasw gl 5 us (gilwenly
s ld Dol (glade caslsl 3 s Jlesl ol (gladite 53 ol cpl 5 A oslinal an g5l 4l s gl eddalgniy
o 5 bl 3550 Ladite 31 alaS a5 Shee 5 anglie s ot odd(s Sl slia b s 551 e
3 3500 8l 4 s A Ceetd el S 5 5l eslizad L adie J 53 LG 1K edasolis s S, 3
D55 G5 lazls Olsea ams)l ezl o

Lbufbg) 9 .>|9.o Y

axfllao 0 yg0 adlaio —V-Y
23 pgame 5 o Y Lausie Gas b GesnS axls Sl sdd @15 Ol 8 el 5o &S aes)l ax s
355 0 g Qg S 5 Gsb axlys s (Dead Sea) e ,e sbs 3l e &S Sl dten Glas >
FO° oldlar sladsh 5 JLs YAT WV s ¥V oY LUl s e o o o xLys o0l (Simaet al., 2013)
Wl O psiom i 5l 5 Gems & o i 3 aasl 4o Gas Sl () JS8) 55l 13 3,8 F5°
Jold mm e kS OY s Cmlis bangl 2T a5 (Karimi et al, 2016) el st (5 So3lil e )
sVl SoL o Sle ol as s ahais o 5ol o3 Glarls 5 e YP U ol s Sla S bl
exie e Le Ver GOy s Sl S gble js 5 (Simaetal, 2013) 35 e s YOU 550> axl s e

5 F P sy ol Sllas oo bzl oy s Els gl ol sa oKl (Tasumi, 2019) .|

' Khaleghi
Soilogi§ g bad uloT

\



Ce.w\ QJJSC.'-.\SJ:.AL;?A \V//\ U Al w; b Mbj)
ok ol Slllee ailae Ol g 4wl axlps Condpe -V JKS
Figure 1. Location of Lake Urmia as the study area of this research
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Table 3. Equations used in the SEBAL and METRIC models

Model Parameter Equation |

SEBAL  Atmospheric transmissivity Ty, =0.75+2 x107° x 7

0.4
—0.00146P w
METRIC  Atmospheric transmissivity 7, = 0.35+0.627 xexp {— - 0.75[ j J

k, cosd,, cosd,,
.  _ TS
SEBAL Soil heat flux R, (0.0038c+0.0074c*)(1-0.98NDV I )
Ff— =0.05+0.18 """ (LAl 205)
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Table 4. Equations for potential evaporation models used in this study with references

Developed equation Reference
0408(R, -G )+7——0 (e, —e,)
E T e 273 (Allan et al., 1998)
’ A+y(1+0.34u,)

E,= 0.0023(0.408) (T max — ¥ min )0'5 (T mean +l7.8) R, (Hargreaves & Samani, 1985)

A R, -G
: A+y A

= (Priestley & Taylor, 1972)
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Table 5. Criteria for evaluating results used in this research
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Figure 3. Comparison of pan evaporation measurements with evaporation estimated by the models: a) SEBAL, b)
METRIC, ¢) FAO56-PM, d) Priestley-Taylor, and ) Hargreaves-Samani
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Figure 4. Comparison of pan evaporation measurements with evaporation estimated by the corrected models: a)
FAO56-PM, b) Priestley-Taylor, and ¢) Hargreaves-Samani
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Figure 5. Measured lake surface elevation of Lake Urmia from 2000 to 2022, obtained from the Urmia Lake
Restoration Program (https://www.ulrp.ir)
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Figure 6: Daily evaporation distribution map over Lake Urmia on April 13, 2022, estimated using the models: a)
SEBAL, b) METRIC, ¢) FAO56-PM, and d) Priestley-Taylor

albo opl sdcaakd puc -F-F
Slaesls jleslanal a4y v oS Col 4 gl 4l s éa.,» 05 bl g (slmesls 555 canlllan -l lacys g I SO

a4 Sl g A%Q);claﬂjswjﬁsgjéuelf:ﬁﬁl sl il Bl ad axl s o8 s ae gl wlll s oK

Soiloyi s ¢ ww?lof

A



L e S

Qﬂ#w.MbﬁEbA}vlﬂjbéﬂ)sﬁdjjLgug';?.&wf&jﬁ&qsugjb;éééww
s 2l Gty 4 o Ak GG ol s elad 5 208 oo S 05 b B oSS slal W
Lonhad pde JalS glsl) 5o 5 i lis] Ll 3 g lp b opl b S o (S o3Il 5 (5 nin s cr
Wl 0 o3l i i3 el (51 (VA9A) DL 5 ' T s 5 ol slgty S5 el (al 1
sl g @l (Yoo Y) 0L 5 T galgniy Jliie bl » G el L METRIC 5 SEBAL (slads s
S 2sse aes opl 03§ Dl eyl b sl Sl e dlons 35 5 6l Ll 035 (e
53 alysy palls b gl gl sl Priestley-Taylor s FAO56-PM sladie (siluesly 55 ¢ poman .ol
Sy Do gl abs 53 s 3500 53 s onl el s Shee s b eslinal o o T slangy
Sladie & by o slacaalsd oo iy Slalllae 53 das (5l 50 G gb slaarlys @l | O 35 Wils e
OLES (Y40 0) O 5 7 pilial @ g Ol i 0 .ol 48 S 51 3 ey 0 5550 333 ) sbay s 5,551 5 Ciless
Slaasls 5 e plao sles ol ASle ola el 5,50 0 oo 0 dda SEBAL Jae s 45 sl
o 3 lat METRIC Jue 53 48 1 8 5158 (Yo oV) 0len 5 I pwimman ool azaly AL 2y
Jia (Rl 3 sls Conlad oo 15 53 ege 1 (Salusspl Cuaglie 5,500 5 08 5 3 m la oSy
ol Dl Lo (6, 5ol glalles oy ol gles (slaesls 31 s gus sslinad |5 aHargreaves-Samani
3 s 3 (Lindauer etal., 2023) 55 s e 5 B 355 S b 3ol ot Sol il el ol 5
S35 2 (6 R oIl 5 8 S e eslitad (g ri bl pa sla el oL 51 &S FAO56-PM 1Sl lad e
Lls 0L (TIY) O 571 - SIS ims oo LIS olg mld 53 (5 2eS Caunlal oo gans sb 4 5035
Soslo sladie b anslis )3 mls 35 4 e FAOB6-PM Juts 55 Les 5 (56 383 slaesls Sl eslinal oS
g s
G S A O
Srares Sladde Gl gladle jo sl ae gl 4zl s bl 5 el ety pde 5o ST Lelse 5l (S ks
orl o3 il ladie 33 oy 4 (3 50me Dlalllae Lol il S 513 a5 555e e 35500 ln 6ss
Tl 5l S 5eeSS 55 oS 5 G000 3l e slade DB Lol Gua b ey ol Ll as
5 SEBAL sladus el opl 3 sl 035 oslinel 4 5 A cedd glojlgale slias oS 5 51 eyl ax b s
Hargreaves- , Priestley-Taylor FAO56-PM sladie 5 (5553 3l Siowws sl 25, Olse « METRIC

avgyl axls Gl olginn Mol G s oz sladde S35 s pp gl LB S 13 ) s 56 SAMANI
s Jles!

T Allen
2 Bastiaanssen
3 Gallego-Elvira

Silogis 9 wvﬁghf
14



ol 25 4 asllae l ST glaasly
2 2 Fae sl el L el edd Sl sladie sl o (5 5VL 33 (6055 Sl o slad e )
Aosls sl 3l Ll 4 505 o8] 2 5 en S zl Al loslgale sl 51,
RSG5 3y 0 s ke VAT 50 /FA 5 5  RMSE 5 NSE L SEBAL Juke « =Sl o b Jlesl 05 =Y
=15l Hargreaves-Samani s FAOS6-PM sladae ds (>l o b Jlesl 51 ey 58 )l 1) mlo
b o,Skas e 535 0% e VY 5O DA L5 4 RMSE 5 NSE L FAO56-PM sui-Slol Jus 5 iy
ol
il g sl 0L pshae 3 Shee OF S w3 5 @iy e oS 53 4 5 A o] Glaesls S 5 Y
LS Obles s |y agl s e 3 ks sl S

S50 o 3 5GEs sansl SLl b 3l aes)l axlns bl 5 e 53 WlSe as opl @S
35510 sladde 55 Se a5 6553 3 Lromi slapm ) s 5l eslizal 48 3l 0L andllas ol 318 13 eslinad
dode an gl 5 yd Gsb azlins Sl S e 53 Wl e 4 s A Cdd (Gloslsale slial oS 5l eslial b s

.Jj..i C;b

&Ll

LS‘ e)beLa 6& ob\:)\ (5J:§°J€"Ljﬁ'>=“3 b)‘ﬂﬂ olises 6@&)} ‘;iblsdwjﬁ (\Y'\) (: 4Ql§3b'r.:>)) ) u_)LaJ.@.; -
AN SR TQ 5 AL S W R @t,a Sl (el axlos ooy adlas) i o da..« 33
https://www.iwrr.ir/article_155070 allbfacec536¢63890bb1e087a864b66.pdf

- Abdelrady, A., Timmermans, J., Vekerdy, Z., & Salama, M. S. (2016). Surface energy balance
of fresh and saline waters: AquaSEBS. Remote Sensing, 8(7), Article 583.
https://doi.org/10.3390/rs8070583

- Allan, R., Pereira, L., & Smith, M. (1998). Crop evapotranspiration-Guidelines for computing
crop water requirements-FAQ Irrigation and drainage paper 56 (Vol. 56) .

- Allen, R., Morton, C., Kamble, B., Kilic, A., Huntington, J., Thau, D., Gorelick, N., Erickson,
T., Moore, R., Trezza, R., Ratcliffe, I., & Robison, C. (2015). EEFlux: A landsat-based
evapotranspiration mapping tool on the Google Earth Engine. Joint ASABE/IA Irrigation
Symposium 2015: Emerging Technologies for Sustainable Irrigation ,

- Allen, R., Tasumi, M., Trezza, R., Waters, R., & Bastiaanssen ,W. (2002). SEBAL. Surface
energy balance algorithms for land. Idaho implementation, advanced training and users
manual. Version 1.0. The Idaho Department of Water Resources: Boise, 1D, USA . .

- Allen, R. G., Tasumi, M., Morse, A., Trezza, R., Wright, J. L ,.Bastiaanssen, W., Kramber,
W., Lorite, I, & Robison, C. W. (2007). Satellite-based energy balance for mapping
evapotranspiration with internalized calibration (METRIC) - Applications. Journal of
Irrigation and Drainage Engineering, 133(4), 395-406. https://doi.org/10.1061/(ASCE)0733-
9437(2007)133:4 (Y40)

- Allen, R. G,, Tasumi, M., & Trezza, R. (2007). Satellite-based energy balance for mapping

Soiloyi s ¢ wwfglof

\



L s Tt

evapotranspiration with internalized calibration (METRIC) - Model. Journal of Irrigation and
Drainage  Engineering,  133(4), 380-394.  https://doi.org/10.1061/(ASCE)0733-
9437(2007)133:4 (YA+)

- Bastiaanssen, W. G. M., Menenti, M., Feddes, R. A., & Holtslag, A. A. M. (1998). A remote
sensing surface energy balance algorithm for land (SEBAL): 1. Formulation. Journal of
Hydrology, 212-213(1-4), 198-212. https://doi.org/10.1016/S0022-1694(98)00253-4

- 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 (A%)

- Chen, J.,, Wang, Y., Wang, J., Zhang, Y., Xu, Y., Yang, O., Zhang, R., Wang, J., Wang, Z.,
Lu, F & ,.Hu, Z. (2024). The Performance of Landsat-8 and Landsat-9 Data for Water Body
Extraction Based on Various Water Indices: A Comparative Analysis. Remote Sensing,
16(11), Article 1984. https://doi.org/10.3390/rs16111984

- Craig, I. P. (2006). Comparison of precise water depth measurements on agricultural storages
with open water evaporation estimates. Agricultural Water Management, 85(1-2), 193-200.
https://doi.org/10.1016/j.agwat.2006.04.010

- DeBruin, H. A.R., & Keijman, J. Q. (1979). The Priestley-Taylor evaporation model applied
to a large, shallow lake in the Netherlands. Journal of Applied Meteorology, 18(7), 898-903.
https://doi.org/10.1175/1520-0450(1979)018<0898: TPTEMA>2.0.CO;2

- Drexler, J. Z., Snyder, R. L., Spano, D., & Paw U, K. T .(Y:+¥) A review of models and
micrometeorological methods used to estimate wetland evapotranspiration. Hydrological
Processes, 18(11), 2071-2101. https://doi.org/10.1002/hyp.1462

- Fadel, A., Mhawej, M., Faour, G., & Slim, K. (2020). On the application of METRIC-GEE to
estimate spatial and temporal evaporation rates in a mediterranean lake. Remote Sensing
Applications: Society and Environment, 20, Article 100431.
https://doi.org/10.1016/j.rsase.2020.100431

- Gallego-Elvira, B., Baille, A., Martin-Gorriz, B., Maestre-Valero, J. F., & Martinez-Alvarez,
V. (2012). Evaluation of evaporation estimation methods for a covered reservoir in a semi-
arid climate (south-eastern Spain). Journal of Hydrology, 458-459, 59-67.
https://doi.org/10.1016/j.jhydrol.2012.06.035

- Ghahreman, R., & Rahimzadegan, M. (2022). Calculating net radiation of freshwater reservoir
to estimate spatial distribution of evaporation using satellite images. Journal of Hydrology,
605, Article 127392. https://doi.org/10.1016/j.jhydrol.2021.127392

- Gorelick, N., Hancher, M., Dixon, M., llyushchenko, S., Thau, D., & Moore, R. (2017).
Google Earth Engine: Planetary-scale geospatial analysis for everyone. Remote Sensing of
Environment, 202, 18-27. https://doi.org/10.1016/j.rse.2017.06.031

- Hargreaves, G., & Samani, Z. (1985). Reference Crop Evapotranspiration From Temperature.
Applied Engineering in Agriculture, 1. https://doi.org/10.13031/2013.26773

- Hashemi, M. (2008). An Independent Review : The Status of Water Resources in the Lake
Urmia Basin. UNDP/GEF* Conservation of Iranian Wetlands™ Project .

- Jensen, M. E., & Allen, R. G. (2016). Evaporation, evapotranspiration, and irrigation water
requirements. ASCE Manuals and Reports on Engineering Practice, 2016-January(70), 1-
767 .

- Karimi, N., Bagheri, M. H., Hooshyaripor, F., Farokhnia, A., & Sheshangosht, S. (2016).
Deriving and Evaluating Bathymetry Maps and Stage Curves for Shallow Lakes Using
Remote Sensing Data. Water Resources Management, 30(14), 5003-5020.
https://doi.org/10.1007/s11269-016-1465-9

Soilogi§ g bad uloT

A



- Khaleghi, H., Rahimzadegan, M., & Ghahreman, R. (2025). Improving evaporation
estimations over hypersaline water bodies using a factor based on total dissolved solids.
Journal of Hydrology, 651, Article 132579. https://doi.org/10.1016/j.jhydrol.2024.132579

- Laipelt, L., Henrique Bloedow Kayser, R., Santos Fleischmann, A., Ruhoff, A., Bastiaanssen,
W., Erickson, T. A., & Melton, F. (2021). Long-term monitoring of evapotranspiration using
the SEBAL algorithm and Google Earth Engine cloud computing. ISPRS Journal of
Photogrammetry and Remote Sensing, 178, 81-96.
https://doi.org/10.1016/j.isprsjprs.2021.05.018

- Lindauer, J., Byers, S., Lehn, G., Evans, E., Castendyk, D., & Moravec, B. (2023). A review
of methods to calculate current and future evaporation rates from pit lakes with high
concentrations of total dissolved solids. Proceedings of the International Conference on Mine
Closure ,

- Mclannet, D. L., Webster, I. T., & Cook, F. J. (2012). An area-dependent wind function for
estimating open water evaporation using land-based meteorological data. Environmental
Modelling and Software, 31, 76-83. https://doi.org/10.1016/j.envsoft.2011.11.017

- Mhawej, M., & Faour, G. (2020). Open-source Google Earth Engine 30-m evapotranspiration
rates retrieval: The SEBALIGEE system. Environmental Modelling and Software, 133,
Acrticle 104845. https://doi.org/10.1016/j.envsoft.2020.104845

- Oroud, I. M. (1994). Evaluation of saturation vapor pressure over hypersaline water bodies at
the southern edge of the dead sea, Jordan. Solar Energy, 53(6), 497-503.
https://doi.org/10.1016/0038-092X(94)90129-P

- Priestley, C. H. B., & Taylor, R. J. (1972). On the Assessment of Surface Heat Flux and
Evaporation Using Large-Scale Parameters. Monthly Weather Review, 100(2), 81-92.
https://doi.org/10:« +AY>Y + « (YAYY)1AY -0 ¥AY/N YV OTAOSH>2.3.CO;2

- Rahimpour, M., & Rahimzadegan, M. (2021). Assessment of surface energy balance
algorithm for land and operational simplified surface energy balance algorithm over
freshwater and saline water bodies in Urmia Lake Basin. Theoretical and Applied
Climatology, 143(3-4), 1457-1472. https://doi.org/10.1007/s00704-020-03472-1

- Rosenberry, D. O., Winter, T. C., Buso, D. C., & Likens, G. E. (2007). Comparison of 15
evaporation methods applied to a small mountain lake in the northeastern USA. Journal of
Hydrology, 340(3-4), 149-166. https://doi.org/10.1016/j.jhydrol.2007.03.018

- Sene, K. J., Gash, J. H. C., & McNeil, D. D. (1991). Evaporation from a tropical lake:
comparison of theory with direct measurements. Journal of Hydrology, 127(1-4), 193-217.
https://doi.org/10.1016/0022-1694(91)90115-X

- Sheibani, S., Ataie-Ashtiani, B., Safaie, A., & Mossa Hosseini, S. (2023). Coupled water and
salt balance models for Lake Urmia: Salt precipitation and dissolution effects. Journal of
Great Lakes Research, 49(3), 581-595. https://doi.org/10.1016/j.jglr.2023.03.003

- Sima, S., Ahmadalipour, A., & Tajrishy, M. (2013). Mapping surface temperature in a hyper-
saline lake and investigating the effect of temperature distribution on the lake evaporation.
Remote Sensing of Environment, 136, 374-385. https://doi.org/10.1016/j.rse.2013.05.014

- Tasumi, M. (2019). Estimating evapotranspiration using METRIC model and Landsat data for
better understandings of regional hydrology in the western Urmia Lake Basin. Agricultural
Water Management, 226, Article 105805. https://doi.org/10.1016/j.agwat.2019.105805

- Winter, T. C., Rosenberry, D. O., & Sturrock, A. M. (1995). Evaluation of 11 Equations for
Determining Evaporation for a Small Lake in the North Central United States. Water
Resources Research, 31(4), 983-993. https://doi.org/10.1029/94WR02537

Soiloyi s ¢ w‘_ﬂgbir

Yy



L e S

WWA/Yekom. (2005). The Environmental Impact Assessment and study (quality and
quantity) of the Development Projects in the Lake Uromiyeh Basin, The West Azerbaijan
Water Authority (WWA). In: Ministry of Energy (MoE), IR Iran.

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). Journal of Hydrology, 561, 523-531.
https://doi.org/10.1016/j.jhydrol.2018.04.025

Zeinoddini, M., Tofighi, M. A., & Vafaee, F. (2009). Evaluation of dike-type causeway
impacts on the flow and salinity regimes in Urmia Lake, Iran. Journal of Great Lakes
Research, 35(1), 13-22. https://doi.org/10.1016/j.jglr.2008.08.001

Silogis 9 ww':glaf
Yy





