[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

L) . “0
Qe st i
»
~ Ay e 1o P Yyliuwoj i lg2 ol sl Jiw
Vol.11, No.4, Winter 2024

A-;/y&/' ML{/’J) ‘ov

Ot 9 590 GLOT 31 pused 991 1 10 S i g Jlow S0 5!
(39 S g 45 55 S cdrog)l 4zl )0 159 )50 axlliac)

T B e y dazxn < ylo o8 eyl

wsb (il peal axlgs ais o8uils (ol jas cwiige cuSislsy ol lie Capoe g (owiige &bl (owlid )l (ggzeiils - )
sk pallpeai axlgs o oKl ¢yl e cwiige 00Siils (ol milie iy e g cwiige 05,5 Luiils Y

VE LAY calie (s gyl VEe /o0 allie il s g

PRV

0018 drwgi x5S 351 (sl (slo,lgnle polad wlul p calizes slo Jow sl Ol Cé) j0n opo olio 51 (SO o sloaryy paw 5l s
5 ol plie Copde 10 pae Slegage I (o S dyglp 0 ol Gloay o b Jos 5l plaS 1o o Slae 0956 5l s S,0 ol o
w2350 5 (SEBAL) (nj o sl 5554 ookt oo shol s il 5 cslsonlsy eallins ool s g el 31 a5bon T ks
YO 5l oolatnl b 157 cpl 09 30 a9 4> S ous cdng )l 4=l y )0 (METRIC) Sls  oeiwly 9 YU USG5 508 b (5 25— 1050 4085 dgs
Sloyelly Casgazme 4 azgi b rizren b pll Yo Y+ Jlu ;5 (MODIS) Lagie S5 @508 bl gl yiogaol g yiSomsl g
2 azkys & Suop oulidlse olial paiz boosls jleslanul 36 (ol nl )9S )3 absie slaJae siluesly sln p3Y (owlidlsn
Ly ol ;o METRIC Jow a5 8¢ o1 51 (Sl 55 ailale o Slos dilme i onel s @ gl ol oy o Jow 51 Gy ol
595 3 yiowdia + Y RMSE 5 « A (poad oo b o s O 50 5 yianlis « VY (RMSE) Uas Slayye (0 Kilie a5+ AA (pnad o
I ol g S jeh Ol 4 Cand o O ;o METRIC Jaw sllas g9 ool bcasls Sloalie polie plp j0 o9 8,5lee
9 595 ol maw ;0 SEBAL Jow Lol ases cailyg, alls (il 580 polie a4y (gwyiwd pae JJo 4 ool caws 4 gl 3l o5 col
4 a5 oy ol eairolis gl (qw ) iz 20 ad dl) (Jo8 BB gl 5 anils ool sllas Slaalive polie a4y S (e
$3lie s 39 o 3l oal s 4y S Satem & o 59l (005 5 (el S Sy 9 5o 5 S 9 (55,5 5 o

o9 o 4y S0

93 3l i ¢ e o Jenilly 38 S gl azh ;0 6551 OOk Waolly alS

*
645]9 u.l.\Jl)....a.v 4?‘9} (o oKisls OIIAL (e saslisle ﬁGLi.J GLQ.‘;:}L.; &99) ﬁoLAoﬁA cjal:u 5)_4;_:.!5 ubt; ‘Q‘)Qj oS d.uLia o.x.;..w__y
SYVAAYVASYE :oals
Email: rahimzadegan@kntu.ac.ir


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

adlaie ;o (Yoo VY o), Lseng 0T Jawgs Jlow g0
a8 SO &g ol s g o [V galas]
caled Jlw Jow 5l asews ol I¥os el
e B p0 g allls SO e Jae 4 o0l jls
e S e Joe il il 4 glalad ol |
(V) lSan 5 T Lo S e Jao 35 o
99 Q.ﬂ Dglds o Fodes a5 Al &l Jlew Jow sl
o 50 9 0 5 05 Sy e 0958 0 Joe
lig, lade d o)lgale ;35" alaxd (ulidie 5 o5
555l Bgpme lapi 6K 51 s S [Plusl
Alygy By s oS (gl (Vo o Y, Lo
ol $lm s i das e jo AVl 5 4ol
oolitnl b (souxie lalllas [Y]ays 5 @il Jlsias
@ lizee blas jo caliue ldize lawg b Jow ol
et 3l e A dalsl jo oS cnl ouls plil e

S 00 o)L...y‘ L(bu] P
2 P T G 5 Sley Ol laddllas o
05,9301 51 solawl Ly ool LS ol3T Ol elans axls jo
Sl YA LS Jl 5l Jl ¥F b e
LandsatfdV sA o lsalo pglas 5l o jo a S o
S B 58S 0g ol easmslas bt ol solatl
O s 5eSole g 4l talidl am 4 YN0 Lo
09— )5))_’1_“°L§l""7 Y/Yf ).3‘).3 YA 9 VAAD JL..»
(Vo) ol lSen 5 T S0 slasdlas o Al el
Bl Ll Jl i, 3 ool 3 s b
S8 ainlie 0,90 galas] o adlate 90 40 (6 ewms
Lo gl as ol las olalas mbs [a]assls

*Allen et all
Idaho
AManual

Z.Suetall
'‘Karaoun open-water lake

VLand Remote-Sensing Satellite

S0 Slelbl (59ld | wdigo — pole oy s

1EoP Utmmjoleg.goJm.pm;jgdhu

doddo —

2 e Jlos 5 (S plalS a5l (505 505
S e omizmen wibiss 5550 e g ol e
s 5 (s 1 38y Cewd 3l 50 o Jelge S|
STl O 50 ot i g Sl ol sloaigy 5o
b ) petes DN S e bl T sloasg, o
= Slaghyy g Yo ame () cale Jdo 4
(63 o ol Pl s s Jold oo
Lo ] oy tig0 0,51 (o5 5 slahs, 5 2 JUan
B sle o 90 Sl lomi (55L8 anngs
5 = gob s dsle sl 6551 e sl
B oS ol bl anngi (lalS mhaw 5l (5,05 S
=l @l o e 5 i yaely a0 ERY

sl il glabi>de b 56 Wi e oS
Glojlgale pglas 5 599 51 Gromiw (g,5l8 Sl oslaul L
Ol 9 5l 95 Jslse Sl @ajs5 0l oo
Il g oo dgs Jlgio pgas 22z L g8 58 )]
slojlgale pgloa slooslail b olgs oo 1) 3,05 e
9 Jsgmaze SIS Capgb) Lalyl (28,5 Ja o (a0
Groi Slaps o8 51LLFL 58705910 a0 50 2y e
o OlgSise B85 s 3yl slp 005 5590 )
6] (SEBAL) Lyims o (st (5551 0kt o255
9 Vb S5 D)a8 b (5 et Al angd ol 65!
s i g [#] (METRIC) sls (il
ool Jlew Joms 20,5 o Ll [V] (SEBS)5kaws (55 5!
=5 55l yelate a0 VAP il by
s [0las (8yme (aLS (rgy a3l (58

‘Water bodies

"Surface Energy Balance Algorithm for Land

"Mapping Evapotranspiration at high Resolution and
with Internalized Calibration

*Surface Energy Balance System

“Bastiaanssen


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

w25 39T 4 3 S ytio 9 Yl sl s—o ulajyl

B ez Saz0 g glosgd ol

AW ol Lol il oo pudes s o6 S ol
oS sl olasel 2B (B ploie a G
Pl o il e gy Golaie )3 35
9 098 Sl 5l s jshaie 4 1) G Joo (V1T)
ol AASTRIENViSat 35l 5l oslicl b (ys yes
ol s 6l |y (RY) pomesd i ol [VE]s 5
2S5 dlone A g AN cS A jed g (et
59 ¢ Jlw Joe pogdle (V2 VA) 1015 pem 5 Slej
gl ) s 9 S e ;500 (65,51 (D s,
L e w0 emles ol b [V 0] assges
Ol oS g AT (Siaod (0 i 21
osdes +#Y (RMSE) Uas lay po uS5ko 4
B9 S e 0o sl a1 ple 4 Cn
sladss solos 2L IS jsb 4 lag] oiow b
-0l G Sty Geb 5 0,8 Sl ]y 5 ke
S5 sleools a5 abls jo o Jow ol 5l les oo b
5 5515 090 eolaiwl s o ywd ;0 (55 ol
LS, 5 (sloylsnlo gl 5l ool Ly (¥+ ) A gils
977 &g Sl v )3 (Sl sleosls sla
s s5aaly sloly 5o (Bly e 0,505
ol 5o DVFlassls anwgs wase YL a8 O
Gt 2 03 VY 3 e e )5 (g
LAY Sloj o3la 5o a8 Gl il 5o &8l
e 2o ol @l 2885 bl 0590 Y40
-a 50 63l sladadgaze 4z 5145 o X5
0y ol 50 6551 D sl )65l (65,
@UlF 0,509, onl Ll )18 9925 gy S 5 S
sboasly =l Slaiis sl 1) 995 05dll

®Abdelrady
*Advanced Along-Track Scanning Radiometer
YRoot Mean Square Error

*Zhao and Gao

s b Jl— oS 5l Jol> (305 5505
Y gamo gl on o bawgd ould (5,45 0jludl
b 3ldail S_is aos o Bl jo (55,5l
o3 S 0 e pind gl Jlew (guizren 5l
D9 3,0 FY ogas 0 haas Slhas gl ls canle oo
CBo ;500 adss (o (V00 0) o), Sen 5 cpenilinly
595 o slp 1y Sl by, 50 00 891 (5,85 pases
Ol 45 050,51 Cawd 4 duo,0 AD liSa wlida ;o
ol Gl oo W0 L Jad SO gl el
(S ok an aS sls Las S he Gudow [V e Tols
5 Gy a3 055l sl gy ol 3l eolai
Gt @S Same wily o ygo 5 S5 sla b
ol b Jlew Jos ;50 slasdlas jo aes
Sz 5 L300 per ) lawgy iy £ 6l Acwad
loools L mles ¢ ol (g5lw ool olpl jo (Y+19)
@L,.: as a._.).o)f s lao L?)o AW d)jo)bq‘ ET
ey 55 S Sl Joe a5 35 ] ) (S
cslaalas b o [V o ls ey Jo—ams ET
oolatwl b 1y T Do sly! (Y+12) 26 g 00l jupge
9 4\_3.45)‘ )9_~J <\.‘>L:)$ C.L:.u ‘_g‘);. L;‘o)b.ml.o );5L44 )‘
99,5 dmlre ol (8 Jlod )5 4zl als>
5 Jbs oo Sl 5l oolawl L ) ailabe 3 p5 5505
Lo jloppgal yogalyg iSeal polas slej sy
s—oliislg sols g (MODIS) Lo sgio S_Sa5 & jad
A ine 03] Cawd 4 =l b .[\Y]o; dle
SYEFY a gl b o aVlw Of (Dl aS ol
LI5Sy azlyd s 5l e eess ol
[yl 3,5 Mol oglos ) yo ole pglad 5l oolal

5 i (Sl G L5 A5 S8 4

'Evapotranspiration

"Moderate Resolution Imaging Spectroradiometer
‘Chinyepe

Mutirikwi


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

bros 5l egos ol IVA oF] el ooy ool aslyg,
wgid ploil 0als (6,03l 580 polae b S ulis
3lacsl asly ol 53U Jow cds jo cal (Sew
sladoe 2Ll o)l 4 oo Dlidod (S (o
99 laol w0 oy 5 Jlw 350 e
syl 3 lasls y Lol ohlS anslie 5 oy s
s eSoslail s 25,5 i o addllas oyl oo
—olidlsn laoln] jo ailjy, alls 2l lade
5 S g Jl Joo latl s (s g y98S
gl VY Jlo gl oo 50 Gl s anlie
sl oo pglar 1 oolainl b oy s g 9 ol
g5 9 Slgo ¥

sloosls 5 Slallas adhic Olasie jidu pl )0
Laodls 5 (glolenlo yglas s 5l oo onliul
9 o0 g riS 55 090 (oulidlse

&l aibio 1Y

4zl adg> )5 wbly eyl 4zl aslllas ol )0
A 90 Sy azlyo g 0 Ol gy plsie 4 e
o Sy a5 g 4SS e 3 &dly 5o g a5 S
485 B oy 0550 (e ST Slraiyy plyie
sbadsb (gl a2l )0 ads> (V) JS5) ol
Sl e 5 F5 OF ° ¥V 5 FF OV L
5 a5 et FAC YL/ 5¥0 ¥ Ll
5 f Ol ST e B (Ll ST bl as o
BAVYY Sgo > e g 5 00 aBly Hli s S
o=l 0 (Sl AVl xSl 0,10 &y yiaglsS
a0 abl oo pitio o o For LYO: jlass>
g Sl JiSlas> glls casg> il ;o adly dng)|
S-Sl o VP g e teghS PV e ol 4 Bee
colas 639,5 UL > 2als Jds an Wl [1a]
oedlS agl ST YYES 4 1Y Lo old e jo axl o
Ly lewl asl

OV L FE O LLilie Job b as S 5] adsy>
YECO8 LY ©OA olidlix oie s 5,0 FA
Ol el 5985 058 )3 o sladdg 5l (S0 Lot

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP Utmmjoleg.goJm.pm;jgdhu

b 5o ol mlie )lal Cupae cuz @o)l8
LY o)l 5 b .clon L e
4 6550 e dolas ool ZMal IS G 51 oolaiu!
sLoosls 5 (BREB)' (sl (65 5k D i, pb
Iy deg,l azbyyo mlaw 5l psed l5e oole odiziw
ooy 5loas ;58 guios [0 [VY] Wages 551
o b)) 5 (Ll iz s (6 5ol
5o o] abos mls bl 5000 ,5 solatul ;53
slaols a >l o mhw glos jleslaiwl & g0
Oleas Yeod Jlw o 15l o uole oniziw
It ol 2 3551 (o n o) VY
Loy oai 5, uSo3lall gladads gloo 51 aS ol
Olyme 4 ¢ Sl 3 gladlaie O ol &S
AND 5 Be e 09 oolainl az by mlas (glos
30 Sy aukis BV0 D90 o DS axl o
3,90 slaools g oo (g Soslusl slaosls o Jlo
JoB ooe as o )lo 0529 (65,5 O doles 3l onls
Sl g cnl laskidn b p lwl g2y
a2l ol 9y (Pl (Gl St &
alox 3l aid iy slaodioun 4 jeome a5 00,5 #dlg
0z g il HLi oo o (sled (6,803l oz
oylsale ;a5 lay ol calisee yual by wilgsy o ol
sliwly o BREB g, 5l lao b asles (5 80l

g oolaiwl ¢ 28ly e 3y,
SLalS 5 Ol gl s 6501 Db sla i, s
)-A—ﬁAMJ | 00 3y I VE uLn.em .}a_w}:
S 1y galanT jo Jlow oo |l aseus ylade
ws ol [¥] Wlosls )13 oolaul 890 e 3,51
S by S e Jae L lgsa | Jlws Joe |
ol laie 5l Jlew Jow glol asend jo Lol caadls

oS dn labod s haod gl alye, A

‘Bowen-ratio energy-balance


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

w25 39T 4 3 S ytio 9 Yl sl s—o ulajyl

B ez Saz0 g glosgd ol

5 ekl G35 x> b v (ul el oas Sl
Blod 5l e Yo gl Jsbo 5 caSoyie Ggekn Yo«
IV ] 858 oo Ggume lpl s o 55,5 iy wx>
Ol 38 28 39 S b | e 435 s odle
4S9 )3t (| Sl AT 18 (o) 2 350 aslllae
Jlois (55509 LS YO 40 5 00 ably 550 9,LS
oo aSls jo aslEg, (595 ;= 9 J9950 L s
g oS yie 0 Lle VIO Dga 10 50 35 e Sl
5 095 ayayioskeS VWeuv 35 sV o o] b
acibaie 5l ol Col jag LS $0 T azl s Jsb
LYyl conl oo osls il (1) USS )3 (a2 390

5 Shdaien (IS Ganpends Ll 4 ads>
oo 5las oy Jlad 4 o) S 4>
e 3 5ls e g Olml e slaalBog) ade>
30 Ao ol Cols 050 s0 Sgdzme j0 dilsog,
Shilo g ayle Jl8 o cws by ;0 a0 ieslS
anlyl Job ol j e Lo OV Suijl (uSika
43,5 aw U olawloll deir oo 5l asg> ol Lo
S35 » 49> (nl ;0 45,5 s Bk e Jagl STV
Ol Ll o Siopail Gliw ol 058 Jlod

. ~ .
duogl 4zl 5o 1 " @% .
~ S
Ly po .t N Z s
sy ee
o )
Hrvoy.Y N . p:‘
%
o Sy ol
ﬁ taad FIEpwre
T T T
£4°."."E fa°Y.' "R £5°.'."E c YO XD b
1 1 1 1 L 1 1 L
) a3 )5 o [Yyeys! y"N 39 daw
LY Yora « "N
1 FPYOrE N
1 P STRINE RN
I — ool Y’ " ———— Faglss
AR ‘ HYOrs' - N

T T T T T T
vy ."E Ao . "E £A°9"."E

FASFSE FASELUE

3994555 s g gl graz sy g axlllan 5 )90 il (2 LSy ConBgo 1) SO

D0 5 2l 2 W MOD11A2 ,5las ) e sleo
YL il oy lojle coles 51 ol pglas
DA A g5 WWW.USQS.JOV ol sy oo >xie
S eyl S g o] slaosls (e
LaJas 4 (639)9 sla el b (gt w5 wlodes

oolaswl 3,90 00ls -Y-Y
Gl mole odiziw gl YO 5l dllas opl jo
aS and eolaul YoV Jlu oloisy é sloole
L Al 9 (b (Fanlisl Jod 5l Sl
4 by e LMl g MODO9AL jyslas 3l o o5


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

g oolitul Ii2e &j50 s dregl azly jo o5 dle
940575 liome 9 b 4 oS jo 5l ool s 4 =
50l celw ¥ e baosls a5 ol 5o Julss
Geb g Wgd oo Sl H9dS Siiyginn laoliin!
dloe sl (el Glo ools 4 5L S e Jow
Ol el oo Sl VY 53 g o 0lS (3,05 e
a5 L litln s 5] 5 sLmesls
slrools cpoman 50 5 Los celw Y 4 caslis
Y 5 aiws lsal ‘al.ﬂu_é.w Sy g o] ¥
Las S 5 59 oo 5l e abre sl 50
5o a8 5 5 A S te 5 Jlow sladue 5l ool
g 4525 ol 51 plaS™ s (slys ool Caws 4 s
O35 dm (S03 s a4 ol b ol Jolos
ogdle o bl sl el slassls ol g aw
L aS o1 0925 (6,500 Seiygiem slaollinsl (2l
59 @L:éi Sl sosls vwo (35w 4y (SU055 9929
Jdo a addllas ol o Lol 04 o oo oK )]
sleolKs! oledbl ( sLudl celw polie 4 5Ls
—obilsn loslw 5l oludl el polse glls
a5y 550 s 99 aSST o 4y peizman ol 2l o
s po Lo bl e Comdse LI |
I yob a4y oau ol oBiws! T 0 ouis ol gloools

% oolaiwl s 9o, 4l
50,5 ,56 550 5 (ST e axaS WS aS jglailen
e B B L R I e
S Jame 50 ol e ailjg) (wlifie 4 (slabad
3l Jos (ool a5 10 9 g 0 oLS (3,05 505
a9 oo 03l ol il gl ailys, LAl il
oS (3,05 5P drnlne ;o Zmo 5 8 (S e
slaba>de BB 50 Wl oo lyg; (all> b g @ 0
a Sl Jdo an By 5o laKs snel cws 4y a0
5t il claolSiayl o Lalls il glaesls
Gk 25250 Loy, 5l Lyl Jlade w090 gai 2l
Jdo s ol pegdle o bl g dslone BF 38 oy i
AL G 0551 55 e sl el 5l (S oSyl

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP Utmmjoleg.goJm.pm;jgdhu

gl skl g areg)l 4zl )s pes avwlre sl p
Sl s acwle lp (Y g A oLl Jaw
3 eolaiwl Lo s 8 1,8 oolawl 0,50 30 g a5 S
d_v.ma.o 0)9_@ (f‘—‘ 6L@4—~Q) Le é.u\)).' Lmom‘ U"‘
loools Jols St g (sloolSins! (sloosls g
LSLAO (— 5 wj.lo) ‘@LJT u.CLuJ ‘LSJ-Q-**J)}” uu.!l.!
‘Q.H.MJ":. méuéséb u.C).MJ 5.‘4...05.@ sﬂ\.uuoj sw '
L g o Sdlyo dielw du Ojgods Lools Laisg
b g ailyey az pe (35 s o] polie 5l oslan
S ol (uizmed Al dwle dljg, all>
ol slaolSin! yo pmed cuis lawgs oulds (5 S o;ludl
8 ookl )90 2 o 3,25 pu3ed Dbl sl eas
S35 g 00 A LS oolawl 8,90 psed Caid 08,5
s > ML&S" ‘/\ mm UT .la....:ﬁ.: ] > ksﬂf':)“b‘
Celw g an £ el jo L S adlyy, s
T 99, 3l eslawl L (UTC)GL@} Salen

@wled (g, =Y
sladas vas Slosllo s | 8wy
il p g cid glesls glaosls ooy

5 Sere s i s pl polad ST g 98 cei
45 2leigy 5o 5 ol 8 slefad o Jlw
gz ol 5l el Lol ing 0gzge cwlidlsn olis
Lol ST el obo 51 mpole o lsale 95 YO
039, A Gloj oy b Gusle gl o8 ol 5l o
obdlsn slaosls Sl (8 )3 1,8 oolatul 550
S8 skl 3)50 5 arslre ;LA 5 50 0555 sl
g adlale Sile 5o sl loged ¢ s .85
sloosls 5lacs ades by Jow 3l plaS ;o gl oreow
ng)) Sty g o] B s onds cud pwlislsn

sl Ladoe 4063959 Olie 4 Jhe 5 ool 2 55

‘Universal time coordinated


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

w25 39T 4 3 S ytio 9 Yl sl s—o ulajyl

B ez Saz0 g glosgd ol

ghe 5l (Sanbsl s 4 a5 cwl 89,9 ails zow
Sl a8y Cwo 5l

oS o3gr alls b e 5l s S LS s
ls slgiy ol sl 1 (F) abal, [¥]

(Vak,

RE — X (0.0038¢ +0.007402 )(1- NDVI*)
o

n

)JSL.a) uLC)Ua‘ )l 9 0092 C.‘a«; LSLQQ Ts c(\“)d.la)‘) B
NDVI oo zl sl (e lS o =lg L, MOD11A2
&)= G=0.5Ry atal, [¥] sloiiy sl caslllas
I iRl e sladae i & syl (o o
e G038 gles BT 4y LS egesrs sl 5L
Wl Sy 2 50 (60 Vgl )| o lsn sloo g
(A7) mlaw Soop sles (Lol auwlxe ol by
S8 (Jhw Joo jo el 00y laas gl o2l

_ paxcyxdT

H= (Fak,

rah

Jod JS> pa e mmmn slo,S ,La H (Plaka, ;5
50 Sealindg pl Canglie Fan g g2 ogase sk ,S Cp
olizes iy Jliiul cde ol e Lo,S Jisl
Al e T aslons 09255 10 Syt 9 Jlows Jute
Los Lol)F oo adaly Jow 50 (pl jo a5 (5 5k
Slp@)ataly b AT sl (sl o (sbos

D9
dT =aT, +b ()b,
a8 wilbor gl S il b g @ B)aka) 5

"Normalized Difference Vegetation Indexes

Sl b g bl o ey 4 00y (Sdys Ll e
Seiygiaw sloollil (B2 50 Gl ye> (U Hlade
e 0l 53,85 0 S Jdo 4 (Jg 09d o0 b 5988
s yoie polie o1 5l esliial wlidlsn lojls Ly
dwlxe gl addllas ol jo oplply ol vales Uas
KPS P R T | P WP PYSN N RPNV SYCSp A
Ivyl
Ol 5o Sayte 5 Jlw oo 99 2D (o SIS &
T 55 de le Joe 5l So e ksl ) asdlla
il
S Jota 1-¥
S adand o) (8l G Sl o5 K]
Ao (65,5 s adall; 5l oslaiwl Ly o lanle
il (V) ablaly & g0 (6550 M alal) 035 e
o]
AET =R, -G-H (Valayl,
L Rn (WIM?) e sla S Lo AET () )b, 4o
L SL sle)S Lo G (WMD) o Lalls il
(WIM?) ogma e ¥ s H 5 (W/M2) ]
Lol 5l SO e a il g, aslol jo all o
Lol ol 00ls 58 abogy e
5 oalil U o lgnle 38 alisd 1o ol i ke
Wl oo Caws 4y (V) abayl,
(Vak,

R =(1-a)R +R —Ry —(1-&)Ry
gy oMb L R b sadl o (V)b o
wl e Jsb b R s (WIM?) (go5)5 olisS
~ il alal) ) ool U a5 el (W) (535,9
@ ghe sl 5 Gsr 290,35 L olen Gelsy
G R IF] ssi oo Clas spm JuSs lgie
LS WMD) il s i e Jsb
o Al s  Saill3 g mhao gleo l ool
Job il 5l s Kbl (1-69RLY aos 540

'Stefan Boltzmann


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

— ETinst (V):\.la)b
R,—-G

r‘:L’?u‘J.«J RESUOW- ~.\>|5 S G 9 Rn ‘ETinst 4(\/)4.]4;‘) 5o

EF

il 5 eolitual b Jlow (ahaiyl e j0 ailyg; yaed
SFl gt e anlone (A) by & g0 il alls
VA

Egay = EF xR, (Aaka,

W/m2 L MIMd a>lg b Yaone als il Lo
o 095 ha yie e a4 il o 090 o0 Ol
oyl ;25 55 £9b90 (nl (Sl 5L 9,90 slaoxl
Ivy] el ous @l (FAOY g s bgs 1o OF

S o Joo -V-Y

g gl Jlw Joo g0k cols SO ke Joe
azzley Jlow S{lq_‘:.gl Jae b Jow opl lacsgles a
D¢l oo

b9y ldas gladaxd alls (il Lo s 0926
So e Jome ,o S b5 L Lol waisly oo Jlows
Ivel 35 g0 dples (V+) 5 (1) alayl,y Blas

(Val,
g 0.05+0.18¢ %52~ (LAl > 0.5)

(1 )ela
RE =1.8(T,-273.15)/ R, +0.084 (LAI<0.5)

Syw g S b sue JoSin s )3 ugeeine
Oy 53 Ygoae 08 JouSo Koo Joo o Bl o0
@l 0gh (o0 485 i s LS de 9 nl
ails oYU v sbes 5004 yao 3> 0 Cugb, aS
2 o 0,8 JuSs 50 3,85 S el S s b
Sy J._....S.u (Hnot=RnNhot-Ghot) Sgb (0 w)f )Ja;

"Food and Agriculture Organization of the United

Nations
"Leaf Area Index

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP Utmmjoleg.goJm.pm;jgdhu

iy g3 sla Sy colps ool dlxe sl
Ol 0 JuSey 9 £ JuSon Djp0ey 45 090 00
S sler buld (58 Ll Ssliyog ol Caglie
Lyl s SYols d dgi b s 098 g0 dlons
sy ol 99,5 o ol 9955l (e sl ol
235 Hlnl @l o iy o0 pll 6,15 ©)j50
iy s (gles o1 50 4 ] LSy 08 S
Jlmws Jooo plail ase s (o 05l (628 sl
Sydcr ais 3 L o O mhaw o Bowe 8w JuSy
(Heold=0) 0550 a28,5 ,ai ) ja0 o] sbeyS Lo
sle s JLs (Mablal) 3k (S sle )5 )L 5 alls
e o ST S o 355 e s ol
olgale ;A5 alasd jo LS e s led glo)S
oS A bod (F) adaly ol e g 00l dlore
09..»‘59 o)‘9.an )Af 4 .bj_v).n Celw )

AET

ET = 3600T (F)akal,

inst
A 9 o)‘s_bLn );)._f Ceelw )Q ).3.243 ETinst ‘(?)c\_‘aﬂ) )O
9o dn Vgome g adloo s Ol sl S
cu_v‘).sLu 0)560 )‘)3 oolaiul Oy90 9 03l UL” 44‘)9)
258 hos allyg) piud 4 gele S oS cl LS
Gb 5 S o s (s55el)h ggoge 0l sl
19 se o a5 (V)alal

‘Monin Obukhov


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

w25 39T 4 3 S ytio 9 Yl sl s—o ulajyl

B ez Saz0 g glosgd ol

O Falal,

olie X il oo Slaslie slaws n (Y Fakal, o
w‘ R LSH"QJ'“"') )JOLQ.AXI 9 w‘ IR W) LS)"f")L»‘
Srod dle glp (pad oo (pl poedle

oals ol polie g oad g polie G
:((\A)A.]agb) Sl 00l oolawl

(1 0)ala
2
OxOOR)
X-)A(-— 1=1 1=1
=1 o n
R?=r ~r
(3x ) O% Y
X2_ 1=1 )A(Z 1=1
1=1 l I‘l 1=1 I n

oy g gl -F

5 Jlew sla Jow 5l oawl caws @y pused id opl 4o
e )3 et 3 555 slao] ghw jo So ke
355 0 5B omyp 9y90 aVLe g ailalo il Slej
ailjgy ysd —1-F

oo 8,910 asilye, s loges (YY) S
Jolae o1, SO e Joe 5l oolaiwl b dpag,l axly yo
i 45 jshailen aps oo lis Slaslie ,olis
5)_:).»4 oli'l_wi‘ L;Lﬁo»)‘é )| ool Ry S R Cl
Gleelin] 4 o S e Joo 5l oads g1y emes
sdal Cws 4y polie )b 5l o valss i Koo
)_:‘)J RMSE 9 o//\ﬁ ) w).a L> R oliw.:‘ )|
500 gleollinl an Cais 59) 30 e o VYA
00 Cud s S (5 pS o3l 4 o3 (6 olie
Sogei (V) JSi o)ls ;185 0550 slaolSn] o
b o 1) Jlhew Joms sloolaul U adilyg) e
i 45 jehailen aas o Lis gl axly o
..\_3194(;40 &5@3.& UJ‘ J.Jo Ll 00l 4\3|)‘ ‘) k_‘;)";Jﬁ"ﬁ
Ol 380 polie dy i iwd Chogiome o 4

A 50 0ad 5 kel o axig as )30 40 Vaene f5
BUBCER-SEIR WY\ SCSUWINY WE SURSRRVE N PR WP UL L S
Syt e A58,5 L85 e oS i
(Heola=Rncoid-Geold-1.05*ETcolq)

Gyt Sl oolel Ly Sote Joo o o oS
(1) alal, 5lbas o salo 108 Celi 45 gy
g oo Ao

ET

EF = inst (\ \ )‘d‘ul)
ET

r
celaw ;o a0 ol S 5,505,505 ETr () V)alayl ) 5o
el yo oad ailoee juded S ABL (o 0jleale jeue
S S0, S e 09 4V B e s)lade )
JaSey 0 ) e il o LSy o 5o
S 53 s S 51 a3 28l i
PS5 Gt L0 JaSn g 0Bl ) Sos
Sy Sy i Slogad sl ansls YL
B P s S dplre jlas 2l valss
b wlyg) @ o oS (3,55 55 Sl oolitul L il

595 oo dmsloe (VY )aln

ET,.., = EF xET,,, (VY )by,

daily
aiclo V¥ x> 10 ol (5,00 5med ETroa ((VV)akal, jo
obdlan o] jo sl cd wledsl 5l g 00
P lj, et dwloee y ogdle 09l so Ao
Oog= Sl (28 L lsSoe T 0)90 S ok 5o )
dsloe (VV)alsl) Gl 090 ()] jo p5ed puS
Ivl s

ETperiod = EFperiod x ;ZETrM (\V)d@b

i 5550 0,90 40 ySvd juwS EFperiod «(VY)alwl, o
e o5 093 dm bgrpe slas, LN g 0os
W g

b b))l slrg, -Y-Y

polas o Uas dcilxe 51 RMSE sllao (ol o
ous oolaiwl ool (6,8 oslasl olie g 0ad So yie
1098 g0 Al (VFlalayl) lags a5 ol


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

Sl Sl i 39 i ol A i
AL gl )S jLb goud 0y5l,y polie (xiw
s & Sy Jlw sl Jove 5 oozl L slaland
Lol odle il 09y Sy lade laad
Sl 5 S e e gl o5,
Joe &5 2S5 o Slgal oiaal 5 5 5 (wlidlen
0)l8 (omlin AT (p b g 59 sloo] 0 S ke
Slas o0ty Ll et 1 4 48 Sglis ol b
gyl azl)e 55 o po las a8 S e Jas
o Sl (et 2l 50 5 polie (izen Sul
s sl oo ) 45 el 009y i 55 O
O g o5h ol sbazl e G5 Cuxdse 5 (5 5
3T e G5 8 s 4 o5 (5 bty a2l
g i bye g5 lon s ol b sladhte o 50
bgin it 333 45,5 42,0 a3 oo sles
2 8 ) S5 5 el dng ) 4zl o a4 Lo
39458 axh e dlyg) i @l o Spplie o
S 5 e S sige 0 25 5 L 4
58 sl 00 Eou 55 dalol jo aS LSS (slga g o
Gy )90 a5 Azl ;s ailjy) s bl s bx

cis 3

\\d
Y
L]
{\. » .:o’
e
3 PR
3 A wad vl @
A
> AR
A ° A DA
i &% °
= b 4 kS g.‘b. e
L
Y
Y ¥ ¥ A \ w

(haalasn) o Sulid yadead

© 550 ol * bk oyl @ 3L oSyl A ayl o)

&l

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP UU»MJOPJL@?OJMOMQJLJJLLU

ovbadio 5l e oS o a8 ail adlyy, alls
S8 eolaiwl 5,50 Jhw Jae j0 &lyg, o gladax]
)0 JJLJ ).:.)Lo.o u‘).».uu o)'.’ ‘L)"‘ > 09){.(: o d..,_%)f
ety Sl 5 092 a8 (NS 3o Jlow Joo
L.Sugf""’))" ‘j,‘.‘a Mb‘s‘o )...a‘;.».a sU¥ O ools
Olymss o3 4 el o lay 9550 ol 00l plox]
Gk 5l oad A wbre alilyy; Al 2L polie
alyg,y e (@IHY) UG o)l |y p3Y (So s
olazl s Slhalie polis Jolie ;0 % Jow
e o o b leal ol gloosls 3l solaw! conl
oli:_m." 9 39y y° )_Mrla.c ‘/‘\Y RMSE 9 ‘/A?
S e Johe 53 (5 4 4 e ) 50 e e
d_.Jo T PV el 00l )io slrelKis! 4 cos
i Y o] sloosls 5l oolawl (Y U
polie 4y Cad SO e Joe jo s gl
B30 polde ay il cwyiws Jdo 4y Jod LB

¢ 2% %%as o
g ‘i"‘} HIwe,
."Ai.f &A‘”" te *

e B

Y ¥ # A \e v ¥
(eades) op Sl puzed
©® 505 ol * el oyl @ 3 ol A dey ) o]

-

S 3l ooliiusl b ouds 2,9y y1olio by dwslie 10 yutkd Cuidd Lauwgi 0iid (55703151 dnog f azly 3o &ilg )y ¥ S
(= 2o (
Lew (@ 3 Sy (I


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

(resdsn) Flwlxe yuoed

w25 39T 4 3 S ytio 9 Yl sl s—o ulajyl

B ez Saz0 g glosgd ol

A
\i4
\\g
w %, o,
°® . 9

\ ° o . & R %
A o ® b ' 2 ) »

* o o g i@ R v
# ve’ ";‘f- ¢ mh

7 Ed

u.“%a_ M" 5

¥ CRAt

(haskie) yueis oy CollS
©® 5loal olfiuwl A ol b o) P A iyl @ Y ol

&l

UJ L]
R Sy a,.QQ %ﬂ o :.,g‘.‘ 6 o
PG **
A\..A.OM‘. ® o

(aslso) 535 oy s
©® jloal ol A bl chas ot ¥ ass oSl @ IV ol

=

b oy 00 1 y10lio b gl ) pudd’ Gl b gl o0kl (305 0311 (0 et 1) 45,5 az 50 il yusisd ¥ IS
Jbw (@ 9 S 0 (Wl glaJuo 5 ool

)‘ J_..ab GJL_AJ ‘&J““ » 05319 w‘ AW )...o.f ).m
Al owlillen slaools jloslatul b ,uzes 3y,
ST g Jo gl slmols jo aS el T sasmsylis
O S o i (oY ol j0 g B oy XS
o=l il ools 5 iz slaollis] jo Jow b
4 l_asoli_uul U_" LRG| 03¢y u_‘i)ya)o L LS
sloosls ;3L 0550 ol g aiil oo Soo 3 4zl o
e ams o plid ) Jow bl jo cwlbillsn oKl
LoolSis] jo baosls ool o s wilgs oo BS y

sk
&LEA ‘S_AAJLMA,‘?E LgL.mooLs M_....: X r Ls‘)J
0l Cud el Sl polde 4y yled se (T USCS
W] o s 45 (5 ,5bd wged axgi olKius! 4o
Foghea V390 58 5 039 dag)l g 0y olSinl G
99 o=l ol ol & salold 4y ax gy L aS Wil o
S A o) oS S ol Saen oKl
Ol (f9—d90 (nl il (o p joliie & o) 0
U‘ﬁ_"u 4_..05)1 9 )_a).u x_iu.'j.u_w Olia_m.a_" (_gLa:oolo
g ob a8 S LA s Jlw 5 Syte Jae 4 639
el 958 olKisl 50 oy slaools (1 Sileo b gl

i Al (il -Y-F
Ly s bbb (pnSlee Ol loges (F) S0
gyl 4zl e )0 Jlow 5 SG e sl Joe 5l sl
a8 S 5 Jlogas ol jo Slaslic mls aes oo lis
-F) Ul il e ol By 0uls ol polas
Sy Jae loslaiwl bl dilable s ol oss (A
Ol petd Wy, el adeio a5 jshilen oo o lis
@l @ ol call e Jow jleslatul b p5es
Oty 9 3,10 e Gl Loyl 0ald (6 S 03Il
s sloo a5 sl oolidl 3lasl Ve ole yo s
005 didon ;50 slaole 4 il ole ol jo 4zl o
S gl oMo sy o Slaiay Jsine ()T e 5
slos ol (palys a5 widl oo sl aST ole jo yu5es
S 500 loole 4 S 4zl )0 han slod 5 19e
B! slmosls 13U (@IHF) o ¢puioron ]
ssbilon wes o GLaS 1) i g0 50 (culiblse
lwools 5loslawl ol Las i 35 JSC& 5l a5
S e 0551y 4 i iy cwlidlgn oS!
4S5, 9 (el ouls Ko ol 4 cud
S y90 10 A yomie dag,l oKl slaools 5 eolaiul


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

S ol
T ol (Sl T Mgl el Cld T el o] 0 el T e oBnn! (o Sl

o
~ > - =

(aoale) (o bawlxe oo

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]
-

[ DOI: 10.61186/jgit.11.4.1]

o=l yo el plal gl gy a5 csl Jl o
P G5 0 sola) Dslds &5 ams e (Lt o
o 5 Sae Joe o 0lsale ;35 oy 5o (slalaxd
b oael 352y 4y gllas cnlply o)l v Jlow
il sladand (ulde 5l posus ol oo
Al bl Jhw ol Jaw j0 a5 (g sbas .ol
Gk g 3B o ooliiwl (wlodie oo sl 4l
s (s S ojlasl ds ypolae 5l eolau] &g 0
Al dalgs &l glaalic polie 4 Cond Joud LB
slaolKis! o Lalls (il polis aSST o
S5 oIl prdinns joboasy ()l pl H9aS alidlen
celw polis jloslainl b ol )by cpl jlode ool ol
ol (P IS gollae a0 a5 .o 8,91 @_L‘;éT
2 50wl 0ol Jae jo ez obyl 4 jonie 50
32 Jlee Jae atole ol e (e s
5 YA ool 5,50l polie blie o 50 oSl
Jolie jo a0l caws 4 ko YO ol RMSE

abloiged S B S e Jas gl

g o] = oL olS5u! i oS

Jusgl & R sz O e 7=

ol

&l

e ol
T ol Sl T el ol (el T il ol o ld T s ol o Sl

(iowko) (Slowlme yudes
- ~ > o =

—t

-

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP Uthun_jo;o_,lg.go_,tnx‘nopns_jgdhu

aS 09 oyl oo yLis sl Cawd 4 Az )5 1)
Joe 5l eas 05l polie o (S cl> ol jo
30 Joe dml d Comd Slaslis polie 9 S5y
JA_A Ao 5o (flﬁ Cwl oo e Mj)l Oli.;.m.l‘

i ol (6 s Jlw
30 Sy Juome ailale (o Sle bl JLs jo p0
9 1A e o L 5 8 lillge ol
LFMLM‘B.Q Oli;.a.ui‘ 329 )'“'AKSL"‘ ’/\Y‘ L‘)J‘).' RMSE
AV L ol RMSE o - AY i o o L s
o glaaline polie a4 (6 iy (03 yio e
Joms ol ceslin 2I)5 g asils (Koo sloolSins]
A o Hlis Hed Ol glaaig 5l pusus 5,605 50,
bl bl oy Jhw Jow alale guls (-F) S5
Wl gt 45 jghailen a2 o olid Slaslic
ol 3l oslanl b oo 0,91 5 s polie &l s o5l
s ¥V 0ga s 10 g oS5 bz slaole o (b,
Dol o sl el by Jlade pl a5 il o
STL gl sloole (oo diaS g dicdin jues
0 0925 Jlow Joo gull g ouls (5,505l y0lie
= gl olinn!

= ilal oS! S o]

Josl & S M e el
i

o

Jhiws (3 g o (<l (510 Joko 31 oliias] gl 4l 30 yused oo Silo 1yt F S


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

cee 205 39T 4 5> S o 9 Jlw sl 3o lajyl

OBl jpu> ) 3uz0 9 loyg8 ol )

aeg)l Azl )d (i Bos Al a5 W3l (5
e sl s opdle S e ol | £5550 (il S
oS ezl oty Slos (Hls ) 5 sl
ol s i alls 2l sacmslis a5 wil
e cde 0y o 3 850 ol el g
Gl il azlys Jlob (g 0 s S
2 (S s polie) () 508 sloail> (O) S
Seis Slid plas 09l oo oays axb o sleo LS
A5 el b sla b s 3ol (ol
A (5995 DLk ,z GralS 5 ded ) (AU Wlg e

AL Azl

Josg

mvwz

(yodao) yudid
Y

Ve

q

V.0

$

£.0

v

.

() S 3l .l ormlin S8 50 (V) S
4 yome it gwlidlss o] sbaosls sl oolaiul
009 Suop a4y az gy bl oald aliBee gloas s
Cis gosls s (y3bee 4 gy 3,90 SloolKis)]
3yl LaoKis! Koo b g0l y Ol a5
390 6l o] ol 09 canlial 5l L A

33

255 OV S e Joe i 25 w4z b
TG sl sloole jo 1) aeg)l azly ;o (550 s
a5 jshiles aas o olis Joas ol 5l eslaul b
)‘).._m...’ U_"j) 9 6Y5_> olo )oﬂ:‘g.'; ol &M
Sgginn Mol S 35 (F) S jo a5 sl Koo slaole
ologs ul )0 YU sle slos a0 ol s 09
‘_g‘)_u Jy..\.._m | oo | )_i:.) (_gl_QoLc A S
oo .l Jdo a5 a5 ol g0l i ST olo jo s
ooldl glasl ol oyl jo (S sl o Jad cpl jo
2 g eyl 4zl )d S mjes Al b ol
42l)d @9 (PP @ Sand 4zl Jled (2l
2 ol i Bes Jdo 4 Gilgh o aS wib o i

sV
poet

* S5

¥

93

)

Yo b Yoo

16 o7 (sloolo (sl 4 yia Joo 5l 8liiuol b dpagyl azly o ailble yekd (yeilen 1395 DS

) U5 5 45 e gl Sl s (WP S
S e Jae 5l oslitul b 5o (35 gl I p5es (o
gy sl At 45 jshailon an e bt |,
Paseed aliiie s S5 95 Gl )0 S Sl
5 5SSy a5 0l (o3 o Ul o5 adl e
3048 abl o bt slgn g ol byl i s


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

Dgr dlemx SHop Slaslic polae 4 o s
)50 9 a5 el 23S (7)) 5 (7)) S8
aiiled s oo Hlas 1) Jlew Jaw jleslannl b s s
el s &y a8 5l e o oS glaome
30 Jlew Joo sl eolatal b pses Jlade &l pnss o5b
J=B ol S5 e Jos g 00g o5 alize slaols
39 9w 3 s (0-F) S el ools &Ll 6 5 g8
el as aws o las |y Jlew Jow 3l oolaiwl
90,0 a5 S 55 5l ael Cews 4 polis A ORSY
o=l sln s (3 slaSs )3 oud plnil sla o

Ll Golo S

g oS! e o] o8] i ol B Yol
¥ =gl ol (3 el O i o8 (53 0 > oSl g a0 Y ol (g S5
WY
\0

0

) (o bwlome jud

e
/ N Y
Z \\5

(yoplao
- -*

ool = oy @Y ST b sl

olo

&l

gl o8] e ] o] i ol ] - Y oS!
“; = gl ol sl g e T i ) S D> o] g a0 Y ol 3 T
N
\¥ "

>

/

(yesdio) (Flloee yuseis
~

-

Jussl e o) sr Cunsl b sl

(d

(oplio) (Slowloxs juoes

o
\\
\\\\.

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP Uthun_jo;o_,lg.go_,tnx‘nopms_jgdhu

e Bl (oo 4SS g 5o slaazl s 5l S
3 esleiwl &g 40 (-F) 5 (P S b
4 s bl s g jlenl cwlislen oS! slaosls
canliie or 95 00 Lis G ke Jae 5l ool s
loolo jo o xd p oy uioren owl olo o L
30 S o pieS g Sl 00l Blas] Se5 g (Y e
g gles 4y azgi b aS ol oolidl slas! ST olo
505 IS8 515 jollan o 5 ¢ Jpins slo )
oli’z_wil 6Lmo¢|a )1 oolazw! Oygo 5o o] ua.z.wo
Al mhw [0 SO Joe mlo jleal wlillga
¥ =l RMSE 4 A (oo a5 S

B g ol8u! B o] ol i ol 8 Yol
;—;l,m&..um.-_;; T (s o2 (3 s T san> ol S == N oAl oy St
P
\Y 7

). / A

S~ o
o \\\-;:\ Y

Z N

7, N

A
14
f
Y
Jussl & 9 sz ST b
OlA
)
.
gl olRz) BT ol s olRu! = Y el
“; YL Lo e OUT (s o8l 133 ot i ol (3 S Yol oy et

/\,

Y / \

L NN\
R

7 S
7 —_—
¥ \
Y
Jossl o 85 ez ST b
ﬁl&
)

Il Jobo Aol s &l 3 35 (i 5 455 (Gl (530 gebans 33 5 o ko 1 03liian] s ailalo ool & ki # JSC
59 (03 4555 (Gl (350 hans 53


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

w25 39T 4 3 S ytio 9 Yl sl s—o ulajyl

B ez Saz0 g glosgd ol

el )l sl bl () o pls—e 4
Lol sla w5l [YA gYV] 595 o oolaul
5loasl Cuvs @ & 0 By% s asllas ol (o 00l
s 5 (Srod 8 Sihgis oyl slaosls
b9y 3l odel Cess a2 po 305 4 g0k
o aS jehiles pimes ol al il y5d cuis
GBS o 555 s b 45 LSS g, i
g LBl S e Jaw 5o eSS wldie ool 50 sage
O EBS Ay i g pe 3yt S gl 0 2o
5 s 355 0 S 5o Jao 5l ooliid b e 051
o=l yoeael Cews a bl Bub (398 Dl
G S g oSl glaools 5l onlasl dslllas
slin dpogyl azljo s 5l 5es 8 )50 sl
oS P oaaadlas (M JSS (rizres 0Bk oo
2STG el slaole (sl Jlow Jow 51 ol s 4
Joe 5l ool s 4 el 5 IS8l e ol
sdal cwliilsn olKias! F 5l ooliiwl &g 4o Jlow
L degylazl o josud aajss (@A) S8 ol
5 W o HLad |y 5 0 o] slaosls 1 ool
by a4 (0-A) 5 (ZA) (o A) sl S a5 >
F 5 oolelos gl SloolSin] o s Silas
Joe 5l ool s @ polie JSi ol Gub iien
0y S5 chlie (glnolSin 3 Jl
ol 00l jie e £ Sga jo S oy iy
Sl sl jo Jlw Jomo ol jogm S0
dwle polie a5 cowl Jdo flay oo ol wlislsn
el el loolawl U asilyg, alls il oo
o2 d S5 (6 polie LaoKis] cpl jo ouls o
Joe oladio hod (o polie (pl a5 (5)9bas wijls
S 5 gladasMe B 136 g ok solawl Jlew
Al Gl polie (05 oo 3 copl b aijls 4l
OOt S0 Sl (o p 3)50 slaolliwl jo 4l
5o a8 Cwl Jlo o cplcnl oo Jlaw Jow @l
=0 B 5 ole b Gl Sae Joe
dwlee j0 A Sl Jdo a g cl oo ool

SlIlw s -Y-¥F
loole gl yused Glaslore s aiaf a5 jshailen
ISl oo [ VoV Jlo oy 8
Sloslinl L) gyl azrlyyo (onead jooud )98
A2 g0 Lis LiSTE el sbvole (sl S Jae
L e @l S5l (NUSS 5o 09290 pugai Jloz
Al o e jebay  cwlislse olus! § 5l oolaul
1 0ol b aag) 4zl o i s (QIHY) UK
aS Iy wes o plas |y 5 o] slaesls
Sl b 3 an (V) 5 (V) (V) sla S
D Ghw g wleds gl ool o 5
3l ookl &0 50 (sl asine S 5l aS jshailen
Adon ool Cawd 4y poud gy i owlidlgn slaosls
3wl as opl (NJSS Gl 45 g walss
obdlsn slaosls 5l oolainl &jge ;0 S0 (Ggm
o 5l 60 Bl (oo 4 (53959 Olsie 4 s
Sl sy 5 o0 SloolSi] & S i
S e Jow 5l oawl Caws 4y pused Sglas el ool
A Card b o] sloosls 5l solawl & g0 yo
2 (V) 5 (@RY) JS0) Shes Sty g oS!
stz =B lade a5 el ool o Juo Foe 090
S ] Jae bl jo owlillen slaosls H3b g ol
el a8 cwl Jls jo ol aes oo lis o9
U B G RIIE-TE YU A 5 P W -
anaS Wil oe Jlow jo el YYOD wlislgn
ol S05 5 5 olBs! 5 soal Cows 4 s
L o ol ey SlLigid 31 oias
0 Shae il frai 0P g, s e
I 35 e s e el 5 ol
S0 50 g aldls les calize bl g ol ) el
Y ccds 5l wliilgn Sledlbl yosm o
Slalllas 5l s b o > Y8 YOl cadl Jls 95 5

Penman-Monteith


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

Ol Amis 10 a5 35,10 v b ol wglas oSl ¥ j0
ol F o S e Jome 5 samel s a4 polis

Sl A1 o2 4y Cond (s0b )y BB owliilsn

TR 2 I q.

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP UthmjolegeoJMopnajgdhu

v b_..ul.:..i‘:‘? slwosls 5l 2= 0 (B S
DS aS olasazg b g cowl ool solazwl
oad o o] ¥ y0 oads ol cwliilen sldosls

IR d.....ul.’}u &0 ol.:f d).u,..m > u.sl)JLu o .)L)

s oo

q.. Yoo

3w (3 9 wlodaw (Z cdwogyl (& 3y (I Sy g oKunns | 31 00l b Jlow Juto 31 ookl Cuuwd &3 (cmozxd yuded 29595 1A JSCid

Goded S 90 (pl S0y o a4 aws e ol
Sloola wl g (LS ole g ol bl b sl
A (699,58 g 4 S it oSl ¥ slaools
Wl sael Cws 4 o 4 S5 el da Jae

Gl slaosls 5l ool wl 5L 50 () IS

5 Jlmw oo (grezd p3ed Ol logad ()UK
ol Ly acnlie jo ,aSTLS sl ole 51 S0 e
D e Hlad 30 g a3 )5 a9 sl ead (5 Fe sl
4SS O3 5 (e pFud Ol s (W) S
L) 30 O3B )0 (s2028 pded Sl (-9) SO g


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

cee 205 39T 4 5> S o 9 Jlw sl 3o lajyl

OBl jpu> ) 3uz0 9 loyg8 ol )

Dy adler Suop S Culd
ST oyl olo 511, Slanline oy eolio 5 S s2e
4SS johilen aas o lid eyl 4zl yo mhaw (o
sleollis! o Jlow Joo Ol yoss canl oo
Segiw ool F oo s cid polie uen
Sodes a Cawd ol ¥V Job jo (glalamde b8 glas
alold Laoliins! ol aSyl 4y az g b oS ol asils
=S O polie o WS pl W5 las oo 5l ok
solie (polod a8 ol S5 a4 oY oy oo a5 4 0L

Sonl ol Ol gt olituan!) diamns otuan! (Y oltunn!

-

hl
.
.

-

=
R
:

-
.
.

(ki) (Flolre pused
>

S Wl Ty e

&l

A ge GLis 1) cn e S5l pses 0515 50 Calisee
Ko S laosly 5l sslatul a5 cunl (] Silas g
Sl aleS 5L Jae ple A 5o Oliee a2
Cwd 4 e polae a5 caS les o () USS 5l
3 o35ms a ot Jan & e Jlams Jo 5l o]
ol ;2S00 glaalin polie 4 S e Jow gl
3y ol ¥ yo Jlow Joo gl Ol izren
S 2ty gn S S e e Sl € e L
Al oo dng,l 4zl o 5l odel Cows 4 a5 b gollas
Lo ol 5o (AsV) sladSes sl oad plonil Juloxs
3 esleiwl &yeo y0 (V) JSs Bubo ol Bolo 5
ol 4 Cos jleal oSyl cwliilgn slaosls
)ﬂouﬁ@&_ij;aJMjloo_a]wo@@Lﬁ)ip

laal oBw! oqluuo&qlwoml &Y oS!
I‘S_!};‘ .JL»J -Cﬂ“A_’

(S

.

39 o (0 9 4555 duw (Al (sl ST G o 53T olo 31 Flaalin polio poly 50 S k0 3 Jlow Jio (2020 yudidd Ol ks Wigy 14 S

V5

>
.
.

-
.
.

(Poslse) (Flowlno juitd

3y oS!
B e

| IIH Ilu. Ilw IIH

4.5.05)| alf.?.w.g_‘

ovbedw o Siws! i oS!
B jlw TRtV

gyl 4zl sly w16 59T olo 51 Flanline yolio yily 50 <K o 3 Sl Joho (2028 yusid ol gy 1Yo S


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

e b b glsisas lsbro alls o
ﬁoL’ia5&_‘{)3.4JML3Q1@tu5wooLézleL.w
Sl i ol obj,l g anslie o cuts Slasliv

Cwd ag adilale pumed Sl polie aS 04 ol
5 0V e oo b Jlw Joo (ol e 5l oaal
comiiamne (6 S 03Il polie ply ;0 VeV 5l RMSE
aS cowl Jloyo plams s &l Jod LB ol
polie 5l eolanwl as el oals ylid yudon Slagdod
o 099 Olgedn (Al b pedtiens (6 S ol
e 0o Joe ml e e a2 Jlw Joe
30 (SO ol pegdle il onls Slaslin polie
sloosls cds 30wy dnlllas (pl 5o o @l
S 30y o] slools S jgloay 0gs wlililgn
3551y 30 (ommlio c By , Koo slaslfi sl 4y

Grb g s S e Joae g a2 e 30 mS
oli'i_.m"‘ U"‘ Lngolo )| oolawl ool r:bu‘ le‘bg;"’)ﬁ

bl g cmslin dragyl azl o 5l 250 850 (6

@‘9)459 S

ieales Bgaio 5l aiils so p3Y 055 o Banny

colem Jdo @ (INSF) e o)yl 5 ol Simgss
iled s A9 YYEAY o)les =,k CJB o Lol

[1] J. D. Lenters, T. K. Kratz, and C. J.
Bowser, "Effects of climate variability on
lake evaporation: Results from a long-term
energy budget study of Sparkling Lake,
northern Wisconsin (USA)," Journal of
Hydrology, vol. 308, no. 1, pp. 168-195,
2005.

[2] M. E. Jensen, "Estimating evaporation from
water surfaces," in CSU/ARS
Evapotranspiration Workshop, Fort
Collins, CO, 2010, pp. 1-27.

[3] R. Allen, M. Tasumi, R. Trezza, R. Waters,
and W. Bastiaanssen, "SEBAL. Surface
energy balance algorithms for land. Idaho
implementation, advanced training and
users manual. Version 1.0, The Idaho

S0 Slelbl (59ld | wdigo — pole oy pdis

1EoP Utmmjoleg.goJm.pm;jgdhu

G0 9 (G S A -0
Sy g Jhw oo glwosly wsdlas )l Gun
U Gl g G 9 5ed STl 3 00 6l
B9 ol @l jo @l glaalin sleosls 5l colaiu!
ols lis adlllas cpl jo S5y Joe (g5lwosly guls
s 5l s 05515 )0 pslie LIS Jae (nl &S
gllas a5 Solas (b wyls op il g 5l lac]
25 ol 5o Uz 5l a8 s O o So ke Jae
doloe j5ud polie Guizres Sl dreg )l a4zl o
Sl o (et ©f yo oo ol ookl b onds
Sr5=0 Jdo 4 Wlgs oo (nl &5 Sl 039 iy 550
DBl Loazrl ) oladl e Cosdae g aneg ) azly o
Brs ode] s 4 b Gub o5 el J o oyl
LB e s 5 55 slocsl 55 o Jie Lo
s o Sl bl Jae 55 s sei 1) g
5§ el alie oy slecbiod olidie 1 i
6 yeS 03 o8 aad el 0 eoliasl iy, Lalls
Sloollsl (5 p 53 Sl See yel )l
Foh 3 ol o el Al il 0gz g owliilsn
reSoia! aliilyn claolKial o Ll Ll
5 99290 by, slosliwl Lyl (ol 5 990 o0
Sleaallas ool 50 05d oo 005 (paeds ST el

&l

Department of Water Resources: Boise, ID,
USA, 2002.

[4] W. G. Bastiaanssen, "SEBAL-based

sensible and latent heat fluxes in the
irrigated Gediz Basin, Turkey," Journal of
hydrology, vol. 229, no. 1-2, pp. 87-100,
2000.

[5] W. G. Bastiaanssen, M. Menenti, R.
Feddes, and A. Holtslag, "A remote sensing
surface energy balance algorithm for land
(SEBAL). 1. Formulation,” Journal of
hydrology, vol. 212, pp. 198-212, 1998.

[6] R. Allen, M. Tasumi, and A. Morse,
"Satellite-Based evaporation by METRIC
and Landsat for Western States Water


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

w25 39T 4 3 S ytio 9 Jlw sl s—o ulajyl

OB ez Saz0 g glogd ol

Management,” in US Bureau of
Reclamation Evapotranspiration
Workshop. Forth Collins, Colo, 2005.

[7] Z. Su, "The Surface Energy Balance System
(SEBS) for estimation of turbulent heat
fluxes," Hydrology earth system sciences,
vol. 6, no. 1, pp. 85-99, 2002.

[8] M. Mhawej, A. Fadel, and G. Faour,
"Evaporation rates in a vital lake: a 34-
year assessment for the Karaoun Lake,"
International Journal of Remote Sensing,
vol. 41, no. 14, pp. 5321-5337, 2020.

[9] R. G. Allen, A. Morse, and M. Tasumi,
"Application of SEBAL for western US
water rights regulation and planning,” in
Proc. ICID Int. Workshop on Remote
Sensing, 2003.

[10]W. Bastiaanssen, E. Noordman, H.
Pelgrum, G. Davids, B. Thoreson, and R.
Allen, "SEBAL model with remotely sensed
data to improve  water-resources
management under actual field conditions,"
Journal of irrigation and drainage
engineering, vol. 131, no. 1, pp. 85-93,
2005.

[11]M. Rahimzadegan and A. Janani,
"Estimating evapotranspiration of pistachio
crop based on SEBAL algorithm using
Landsat 8 satellite imagery,” Agricultural
Water Management, vol. 217, pp. 383-390,
2019.

[12]H. Mohebzadeh and M. Fallah,
"Quantitative analysis of water balance
components in Lake Urmia, Iran using
remote sensing technology,” Remote
Sensing  Applications: ~ Society  and
Environment, vol. 13, pp. 389-400, 2019.

[13]A. Chinyepe, "Satellite remote sensing of
surface water evaporation over Lake
Mutirikwi, Zimbabwe," 2012.

[14]A. R. Abdelrady, Evaporation Over Fresh
and Saline Water Using SEBS. University
of Twente Faculty of Geo-Information and
Earth Observation (ITC), 2013.

[15]S. Z. Losgedaragh and M. Rahimzadegan,
"Evaluation of SEBS, SEBAL, and METRIC

models in estimation of the evaporation
from the freshwater lakes (Case study:
Amirkabir dam, Iran)," Journal of
Hydrology, vol. 561, pp. 523-531, 2018.

[16]G. Zhao and H. Gao, "Estimating reservoir
evaporation losses for the United States:
Fusing remote sensing and modeling
approaches," Remote  Sensing of
Environment, vol. 226, pp. 109-124, 2019.

[17]S. Sima, A. Ahmadalipour, and M. Tajrishy,
"Mapping surface temperature in a hyper-
saline lake and investigating the effect of
temperature distribution on the lake
evaporation,” Remote  Sensing of
Environment, vol. 136, pp. 374-385, 2013.

[18]R. Allen, A. Irmak, R. Trezza, J. M.
Hendrickx, W. Bastiaanssen, and J.
Kjaersgaard, "Satellite-based ET
estimation in agriculture using SEBAL and
METRIC," Hydrological Processes, vol. 25,
no. 26, pp. 4011-4027, 2011.

[19]A. Eimanifar and F. Mohebbi, "Urmia Lake
(northwest Iran): a brief review," Saline
systems, vol. 3, no. 1, pp. 1-8, 2007.

[20]B. Pengra, "The drying of Iran's Lake
Urmia and its environmental
consequences,"” UNEP-GRID, Sioux Falls,
UNEP Global Environmental Alert Service
(GEAS), 2012.

[21]R. P. J. porhemaat, "Regional Analaysis
and Investigation of Base Discharge of
Karstic Basin (case Study of Karkhe
Basin)," Fourth Iranian Water Resources
Management, Tehran 2011.

[22]"Regional Water Compony of Tehran
https://www.thrw.ir "

[23]R. G. Allen, L. S. Pereira, D. Raes, and M.
Smith, "Crop evapotranspiration-
Guidelines for computing crop water
requirements-FAO Irrigation and drainage
paper 56," Fao, Rome, vol. 300, no. 9, p.
D05109, 1998.

[24]R. G. Allen, M. Tasumi, and R. Trezza,
"Satellite-based energy balance for
mapping evapotranspiration with
internalized  calibration  (METRIC)—


https://www.thrw.ir/
http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

Model," Journal of irrigation and drainage
engineering, vol. 133, no. 4, pp. 380-394,
2007.

[25] A. Onnabi Milan and M. R. Neyshabouri,
"Comparison of Some Empirical Estimating
Methods of Reference Evapotranspiration
in Tabriz Plain Using Lysimeter and
Proposing a Model for its Determination
from Climatic Data,” Water and Soil
Science, vol 28, no. 1, pp 41-54, 2018 (in
Persian).

[26] J. Ma, "Comparison of several reference
evapotranspiration methods for Itoshima
Peninsula area, Fukuoka, Japan,” Memoirs
of the Faculty of Engineering, Kyushu
University, vol. 66, no. 1, 2006.

[27] H. Ghamarnia and M. Lorestani,
"Evaluating the efficiency of temperature
empirical based methods for estimating
evapotranspiration in different climate
conditions (case study of Iran)," Memoirs
of the Faculty of Engineering, Kyushu
University, vol. 66, no. 1, 2006.

[28] A. C. Cunha, L. R. A. Gabriel Filho, A. A.
Tanaka, B. C. Goes, and F. F. Pultti,
"Influence Of The Estimated Global Solar
Radiation On The Reference
Evapotranspiration Obtained Through The
Penman-Monteith Fao 56  Method,"
Agricultural Water Management, vol. 243,
p. 106491, 2021.

S0 Olelbl (5,98 uwdago — ole oy puis

1Eo P olimoj @ p,lg2 6 lais @ @ b Jlu


http://dx.doi.org/10.61186/jgit.11.4.1
http://jgit.kntu.ac.ir/article-1-849-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-01 ]

[ DOI: 10.61186/jgit.11.4.1]

Journal of Geospatial Information Technology
Vol.11, No.4, Winter 2024

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Evaluation of SEBAL and METRIC algorithms to estimate
evaporation over fresh and saline water bodies (case study: Urmia
Lake, Dez reservoir, and Karkhe reservoir)

Ramin Ghahreman !, Majid Rahimzadegan ¢

1- Ms.c student of Water Resources Engineering and Management Department, Faculty of Civil Engineering, K. N. Toosi University of Technology,
Tehran, Iran.

2- Associate professor of Water Resources Engineering and Management Department, Faculty of Civil Engineering, K. N. Toosi University of
Technology, Tehran, Iran.

Abstract

Evaporation over the surface of water bodies is regarded as one of the main sources of water loss. Various
models based on satellite imagery have been introduced to estimate evaporation. The accurate realization of the
performance of each model to estimate evaporation over water bodies is one of the critical issues in the water
balance and water resource management. Hence, the purpose of this study was the implementation and
evaluation of the initial version of Surface Energy Balance Algorithm for Land (SEBAL) and Mapping
Evapotranspiration at High Resolution and with Internalized Calibration (METRIC) Algorithms over Urmia
Lake, Karkhe reservoir, and Dez reservoir. It was performed using 25 Moderate Resolution Imaging
Spectroradiometer (MODIS) images in 2020. Regarding the restriction on accessibility to the required
meteorological data to run the relevant models in Iran, the consequences of using various synoptic station data,
which were located in the vicinity of the lake, were investigated. The obtained results of the monthly mean of the
evaporation showed that METRIC model over saline water has good efficiency against the measurement value
with coefficient of determination (R%)=0.98 and Root Mean Square Error (RMSE) of 0.13(mm), and over the
freshwater with R?=0.89 and RMSE=0.7(mm). The difference was that the METRIC model error on saline water
is higher than freshwater. Nevertheless, due to the inaccessibility to the daily solar net radiation, the obtained
results show that the initial version of SEBAL model over saline and fresh water has resulted in more errors and
unacceptable results in comparison to the observed values. The analysis of the results showed that as Dez and
Karkhe reservoirs have the same climate conditions and they are quite near each other, the obtained results of
the evaporation value in both of them were close to each other.

Key words: Energy balance, Urmia lake, reference evapotranspiration, Evaporation, Remote sensing.
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