il § (8 bl (gt (o) 5 oo ol | .
IWAY o lwsls @ 233138 oylos ® pows Jlw |

ooliswl b (glo lgalo yglai y (oo (s28lg (325 9 yadnd 39
SO 0 9 Jlow o yoXI g0 5

f oL al s ¥ Y . )
i 33 53 Lo pale (63810 ol p0lS < (6598 a7 plgutnal g

Qefs V¥ bl 4o fu,b
A/ ANY : b iy b

WS>

e sl agy wilise 5550 Sl 635185 5 ol mlie Cu e 55 S5 else 5 (S olsie @ 505 5 et 350
2 e slagh, e 35 o0 8 eoliinl 3590 )l g9 g 5L 990 S 538 4TS Sl ey LISl sln
2 ele ol addllae gl gyt S0 dgy00 (LS a5 Wiliee (I RSagh Az gl O)5e slojlsale nglal I sl
5ot e 5 Gloj slalie S| (gl aels ;5 §ya5 5 o 055l OGlcmlale aalyanals sl glaojs>
Slsglds 59 S g Jhw 9 5l Gl p (e Joe 90 5l ooliital GGl cgmyonl ) Sedoe ebesl iy
2985 JuS 50 slp (o la)ls da o cpl 5l eolitul b .cd)S S5 cw)p 0590 dgine dilate ;o 0S5 L lag
b 3yl g )3 51 Gl Aol suile (Bb )90 4 (Bly §aiy eSS Hlake g anlre il s (slolgale
ailigy (s2ily 505 5yt drmlome )3 35505 05 duoj3 AT (sl eS0T 4 o Sl o550 ol Lt gl
Iy 28ly 5,05 g s Hlode 0l co Joe 99 52 wodel Cews w mll wlol p cizan o)l ool cuaS Lol o

bl 9y5ly ads LS Gidsy 5 (SlSns bl s b Gehie S e b sl

- yoln] 0 i 690 3| i <65 (33198 Ailiy B 9 gt 1 (gualS (slrojly

omidvar.ja@gmail.com «agive cwgs B olSisld ¢ ,9LiS 0uSLidld (o] cwdige 05,5 (iS5} g (5 kel ab,l wlis )l )
NOOri.samira@gmail.com sgius  owgd 3 oSl ¢ ,9LiS 0uSiils «ol pwiige 09,5 «(55,9liS owlidlyn (1,258 (gomatils .Y
k.davary@gmail.com «agive (cwgd 8 olSiils «(5 5,5l 0aSiiils «ol pwdige 05,5 Luils LY

afaridh@yah00.com «agie (owgd 3 ol8itils ¢(g5,9LiS aSiiils «ol cwsiige 09,5 Jboliwl ¥



mailto:omidvar.ja@gmail.com
mailto:noori.samira@gmail.com

&= » ET jl eolazul ,o (Bastiaanssen et al, 1998) JL..
Oily Ll slml Gl (oulidlea glacsls (e
Sls @b gar g O JoS0) JoSy S0 635
Jlw sl 5o all oo allys; @y slalasd 305 g e
gl cpl (Yo+ V) o )Kan g Allen Lawgs ouls #Mo
5l WS« Fi Lalyy (B 0 S g ol 18 5
25595 S sl Jlw gy o oad 051 ET s
Slp cds cpl a5 wil o vy AD LS Ve b
Gl GV ET cds il oo iol38l 0o 0 0 U Jad S
P 5eSle ysbo 4 ) cnl Sl esliinl b 5 )5 sloass>
Sl Gy ol 5l eolinl (S5 jeb 4 sl e so o
sl slooyso 9 55 lageleie ;o 3y 5 e 995
.(Bastiaanssen et al, 2005) aas o sy gl Do
s Lt dan a5 oud plal gol; Sl yg:S
ooleie 5o (gaBly 3ym5 g psed 05515 50 b gy 2L
Almhab et ) ail o S5 b asy> 5 laakh

al.,2008; Bastiaanssen et al., 2005; Hafeez et al,
2002; Jacob et al., 2002; Shu et a.1,2006; Wang et

flol (Ve +9) (g9 dawg a5 glaslllas b (al.2005
5 s s sl Sl o580 51 oolitl olSel i
2553 omsge edizie pglal Sl eslitul b (Bl e
s las @l 85 18 o) 3590 Sl 45>
slade a8 Jlow o )58l 5 Sge odizmiu polas
@ Sgede ablaie ) ailys; whide (81 (Hls B0 g e
IRCE VRIS JURITes
o,lsale yolas sl oolawl b (Y+29) o )IKsn 4 Folhes
) 375 9 3 polis Sue 6551 Ojles Joe 5 S
Sye Jow ol plast mls aisged apwle bijp o
2ol Cupde sg 5 Ol Bra 050 sl 4 Wil oo
B b ad Jod @lol cov g Sisaas Sy
oSl op S a4 L (Y--0) oSea 5 Allen o,
3 b2 Ol e polie b anlie 5 Sk
5 kz w4 0B el g ez 3,0 5 oS Ol
5 Chavez ool cows a4 i, Jad Glp o, S
G55 4 g cawadd pgla jleolanul L (Y- V) o),
sosls L alyy, ET polae ol & Suye Jow

Py |8 Sl s ouRg 5 oo b

IPAY bianli ® 35190 05laids ® pgus Ju

dodilo

2 e Jolse 5 (Ko TETa) oxdly 3y 5 pes
SYolae oS (end Jolge alox 55 S3905,000 45 >
2 0l 0yl g aibioe ST 3l 5 (e s 5o (55
(S3gkES (Sileien ozmed (oegle il sladi)
ol 5l 090 Of mlie Co e g @ g Sz Sy e
& el gz gl S alex Gl g0 5l G
dilaie SOy 1y Gy g S ool 5l eolaiwl b ole e
S Ll boalaly o glacang il a5l e
Bastiaanssen ) sges o9l 4c ;50 Co pos 095t g Jgame
@l silizee slaoniziny b igy (55 (et al, 2005
Sz o> ghilie lis s Gy 5 w3 oyl
sz €58 5 Ligy @] el 48,5 15 osliil 5 50
4 g iwd Gl 359a06lmodld 4y (g wd Gliae 4y i
Glaal g adllas 550 dihate Conwy dbonizin yslas
Sl ek

G5 9 oS e bl p 6551 O3lE e,
ibes Pl oile Wl izl Gl (S e &
W) See s (o) gl 6351 03189 Jlow Sl 55!
LYl Sl SeS ©)u3 50 5,05 5 eSS (59)9] Cews
Slaghy) (Ao R g et 3 (P10 Ggrnl S
b oBly G5 s e sl sl il Dk eniledl
Jbew i, ail oo 90 5 Lo ooy 5l solaiul
235 Gl (Kb g (225 Baly; Al oS Sl ()
5 WS (0 3yl ey sloesls JBlas L1y (Bl 5ym5
3 ol g Bastiaanssen lawgs b cdgl o] 63
bogy YooV Jlo jo w,eSl cpl ol &l YA9A Lo
ol w55l a5 oy5b 4 0d 2ol o Ken 5 Allen
Allen Lawgs a5 G e 65531 3l55 p)o8N b oz oad
515 6 heams gloclids o @l (Y+ - V) o San s

oyl 00,5 pald jshie 4 e oS
O EYem) YL S S o038 LET e b
o lsa il o8 o gl Jlael g 5 LS o oo b dylie
Joe b Sy Joo Sglas el oads olog! ET dcwlxe

* Actual Evapotranspiration



il § (8 bl (gt (o) 5 oo ol |
IWAY o lwsls @ 4233138 0ylos ® pous Jlw |

P it glaoltit

8523k g9t

axdlao g0 adlaio odguxo :(Y) JC&

S0 g Jlw (65551 3le pye!

5 505 05l Sloslrs Wig) (SisSz 5 )58 ol
3 s o S 5 Jlaw g, Sl o0lial b dly 5,5
Allenetal., 2007; Allen et ) coul oals &3l alizes olio
L odly (5,05 5y i oo 30,2 o (@l 2002
5 o3lss Aolee olsl s 5 (slolsmle yystas 5l oalizal
2ilg oo L (gloylgnle pglat aS Ll 5l ogd o dwloes
sleJae W s @l ojlsale 35 loy jo (@ledal
o1 lalisd les sloS e Jlaie 50 8l oadaly
2 sle sl L Wil s mgal 0l
S5 OjlF Aolae sailandly ©jse A 5 paal fuSly
1295 dlome han

AET =R, —-G=H M

4o as

3 oAl b e Ry WM les sl S JLa AE 1]
H 3 (Wm?) Sl b8 L G (W/M?) e gedan
2 oS sehilen asbie (WIM?) ugems slo S L
a ol sl S L o)j]ﬁ S8 o oo odalive (V) dloles
St H 56 Ry (sla sl b 05515 s 5 Slowlns Wi
30 S e g (Allen et al, 2002) Jlew slaps 651 0400
2 kS wlbes oo alie Gl bz 25
A b e aidboe Sglite oo b g, 5l (&

V0 5l S ol jo s e a5 @Sl 6 enmaY
ol Cawd 4 as o

o)len g Tasumi lawg a5 6,50 wyp o
Jbw 3l Ol Joe 99w plol galaul jo (V- +0)
Ol @i 8,5 )18 anlie 5y50 0 b S e 5 (gen08
FommY 5l Jol> mbs b5l oily Joe g o sl
slrly 655 oils sladae jleslaal g s )ls 93 Glls
oged Sty My 385 9 S polie dnalee
Je 90 o laslan cwyp S (b 5 (Y0 - #) Trezza
25,38 Jaw g3 ;8 a8 2db)s Mgy 0 Jhw § S
g les g, S BB gosgaze o |, ET polis
Cnd Q)0 Cabd S5 e o9 8] Cowd 4 s bl
bl 05T o Jlow gy

Gt laase lawgi oud ploul Olagod 4 axgi b
5 Jls w580 g3 a8 bl 5l s )5 S8 cnl 5l iy oS
G5 i Syl pebie 4 plie Cds Gl Sy
saie Gl dlre (sl 92,550 95 0 9 W3l0 )55 0 (Al
o dlie pl o wileads aosr ol (Dl aloles g
G5 g o Oyl 50 Sayte g Sl glaoe skl oas
99 0 ,Slos 0920 U g oolatnl  apie ddlaie o a3l
DS B oy n 90 LS @S, sl 5 Joe

g, g olge
axjllao 0 g0 adlaino g LAooIS

Shbl (g5,0las sol)l Jols addllas 5)50 o3guze
&y a5 odp wpie Siiygiw owlilln ol
Sri sk 037 YALL (Jled p,e Y5T 1800,
2 e fsl odiziin poaai I Aegh 5o all o
VoY celo) VWACSEIY )b 4 bgsye 15 o,lsale s,
S92y ol bl b mlie plosle 1 oS (e
5o oolaiul oj90 gy sools ol colaiul oad Ay
o) slaosls asgazme 5l 55 SGye g Jlw i yeN!



30 S sl )5 Le awle Holaie a4 (Y- Y) gs“’?"‘“t;
3905 Slgiien 1) hd SYolee S i o

—0.05+0.18¢ %A LAIZ05  q

LAI <0.5
)
=1.8x(T, —273.15)/(R, +0.084)

o)

Ao

sedl @ (C) e gl Ts oyl o oS

LS ibg oad Jlp Jolis Lasls * NDVI ¢ b

LAL g NDVI j;0lie il oo S p o ja5Ls " LAI
1yl o0 Cems 4 (A) 5 (V) Lailg 3ol

NDVI =£3-£2 )
p3+ P2

oeole Wb il ¥ oail ik Sl py sl e a8

(o8 W) Jual ¥ il ol Sl Pr g (S35 5058
iigy Lul i g e a5 el oasls NDVI asl s
5 Y g =Y o ol polie e e plas |, alS
o ple SB gl 6l o] ke 5 55k 4 S o
Tobin 6l 5 Sl o oLS 5l oartisy SalS gl

el o ) a8 Ygare o Jlaie lajpl o o

(In[o.ego—SzAw D "
LAl = :

0.91

oS NDVI (55, 1, ST ol flas el asls SAVI
Lo NDVI s 1, S by i1 asls el i e
fal e Cewd 4y abal) ISAVIE a3l oS e

()

(p3+p2+L)

® - Normalized Difference Vegetation Index
®_ Leaf Area Index

v | 8 Sl i g oo el

IPAY bianli ® 35190 05laids ® pgus Ju

Cewd & e g o o3 S ks ol 5l Ry

R, = (1_a)Rs¢ + RLi - RLT _(1_80 )RLi(Y)

@505 obsS zse Jsb LMGRG e e

oo by 26 51 ol ) st oS W)
ik zge Job 2l Rip (Rip) o9 oo oS il
) 39s vk gae Jsb il R (WMD) g 5
e wile hoy 99 a5 38 sleyll ads (Wm
Saie o5l dloles jo Oglds S92 g dlpis Aigd g0 Awlne
syl s 8T (Topy) ied] Codlad o
$5935 555 gsn Jsb B (mgs polie o BB
25 (R sl 39,5 ails 5o Jsb (26 (R, )
g oo (Rn ) Al b polie asecs

w Al jshaie 4 i 4 (F) 5 (V) S¥oles
oolazl S e ) Jlw ST 2°
(Allen et al, 2007; Allen et al, 2002) 54 oo

Ts

rqw =0.75+2x10 2 x z o
)
Tsw = 0.35+0.627 x
exp[w_ojaL)o-"r]
kt coS Ghor cos Ghor

ool Lz P am) bys maw 5l gl )l Z o) yo oS
sy a3 Ghor (MM aus! 1o 39>90 oI W (kpa)
Al (Fogll an oo K g s0n o5
5 S s LS 0,p5d ol (G) S o o
Jlw sl o cal Gl cle 4 olS ibs
linl bawg oy dolee SOl eolaiwl LG laie

Q?M@ML%OJJQU)%QB(Y"')

RE _ (T, — 273.15)(0.0038+ 0.0074«)

x (1—0.98NDVI *)

Ri ~ (Tg —273.15)(0.0038+0.0074)  ©®
n

x (L—0.98NDVI 4)



il § (8 bl (gt (o) 5 oo ol |
IWAY o lwsls @ 4233138 0ylos ® pous Jlw |

Sade (VY Vaoles 5l oolaiwl b e g 05 oo dule

1395 50 39152 ETingt) (523ly (3,55 5y (slalax]

AET

ETinst =3600—— o

UKG) juzes s slo,S 358 dlolas 4o A :O—I 4 aS
b e

Glaasd polie a4 Casnd wlyg, ET polie oS Lxl
L ol Cows @ (glabasd polie conl 5Ls ol Sgo )8
Jos awlyg, polie 4 05 Hley 0 o lgale 5l colaiul
Oyge 4 &5 g gl cesd Jlw By, 53 090
Slp d9des s Ri-G) @ ol sbos JLo cond
oolatal alyy, a4 labad 35 5 S 2bosn
o9, wbe (Allen et al, 2002) Jlow (og, yo Lol L0980
oS 5l eazels Y ET jlade arslrs jolaie 4y S50
ETD gz 0 35 9 55 9 BTIF) g2 00 5585 9 555
ol g opgar by yo BT e 0gd o0 dwlowe
S hgy ol ookl b og swlidlse o] slaosls
A dwlxe OF 5B cule

ETrF — ETl nst

ETy N

2 @ligy polie & ET (ol alad olas hos sl
Gk 5l ead acwlbre (gl abasd ETIF Jlaie 598 e
ol ol Lo, 5, Aot Cel Y Jsb ,o (Valsles
5 oolitl b 1) g ET @ilig, slade olg (oo eonlplo
ryal 59y 50 Lele VF a2 pe §y05 9 s 9 ETIF
090t duwlo (ET1-24)

ETog4 =ET FxETy 24 \Y)

\o

ol yho plp L Slasb e SAVE el L o)l jo o
eYis o Lo gly /0 ade .2l NDVI Jsleo SAVI
(Allen et al., 2002) coul ouls slgaioy

3 See g e Jlw gy Shel slacslas 5l S5
30 8 Wil wgme sloyS LS lade dwloe o920
S,las 0ezg B! ol (Allen et al, 2002) Jlw Jowe
Jd Dyse w65 Dy dolre l adlie (pl lade
1390 o0 drmlons

ye
HszcpxdT 0

lah

Iy o325 sle,S Cpu(KQ/M?) oo JBx p i1 43 o5

e Soop slsa gles L1 AT (V- - F Jkg/K)
Cewlo 3 Jaliel s_i.:.at..:...)g;T Ceaglie Tah g Ky 3
JSCs 90 o) agane slo)S 5L5 o510 (61 (s/m)
J W SUR L T Y WA SU R I PO SR YW EL 4 aslw!
SURY-Y SLls Sladhaie 4 by e el oo 03l O
Ol ey e led il oad g5lal g3 g olS
Jolee (Bye5 g i 5 Culsn slos 4 Suop JeSiy
U eSS oS a5 oo JuSoy o)1 a2 ye (3,95 9 3
Sy olS e en sl ey )b
ol e e Ol slS JL Hlade (plplo abb e
(V) dolre @b Jluw b, )0 09l (o0 (28 o JuSiy
L oadoly JuSy 93 5 g i polie bl g
e g 0ad dnlone JuSy 99 (nl 50 g b8
08y (e Sy plo gmze slo)S Lo jlade
90 2 0 H odulne By (599 OLSG 9929 b 09d s
G gRy polae 3l eolainl cde 4 (S g Jlow Jow
9y 93 lp s H ke (295 bl H Slaslos Wy
ovgeme Sle )8 (Lo Jlade aSGl 5l s 09 aalgs glae
Lo el e b e gsr ulid Lol
FoSe 2l Mdsep b Blae s Gl sboS



@l b red 5 (NJSE 4 2255 L (Y JSD) ail oo
9 s ke b Jlew 00,6501 (V) Jgax 0 05290
JC-TIVSIE SSRERTIN (8 SNEW
VIYY Jolee Gy 5 pond Sl e b S0y
dslome 0 3)5150 087 20 )0 AAY (glils 555 50 e e
oad ciS (LBl ailis) (o8ly B0 9 B eSle

RPN

il § & lnll il e § 3 ekl ot

Vv |

AT (ylowl @ w23 lg5 o5los ® pows JUu

L oalyy, 28ly 3,05 9 o polie (gl ol )0
0ud ool Jhw 650 o3ls wiysSl gl esliud
dwle dgie ddlio o S0 ,2e g (Allen et al, 2002)
P9y 99 4 ailjg) 35 g pSuS Syl 3l Jeolo bt ad
i LSQ,L_? g shls lalSe jo slo ylid saioly
S o odaliv (5,5 lod yius 3,0 ¢ s Jdow
oo (ule S g S Gmlj Oidigy b <5>‘93 )
by o3 9 B ln e 958 S 4 e e

oo S’ (£ 30 Sy e g Jlows v 3951 90 (5 0 5lo s o (1) Jgur

S5 G% 9 g b shre Syl Gya g gt (il (@350 g e ey o
(10° x lit/day) (ha) By% 9 g (mm/day) (mm/day) Joe
V-/70 NN \Vidd Y/-¥ YIV# Jlew
\Ye/f NN \IYY YIVY Y/YQ S o
LAIRY (Quo ) oglas
g A H H ¥ A H
3 1:100.000 s 2 1:100,000 s
H. i H , i
H 4 i i o i
, TS (O . y
g Value ) ] 3 J R NDVI H
S l : High:59.2 [ H o 3 o e P High:0.78 [ §
LT 7 ,.‘:‘\“ 5 7 _3' M Low -0
s N ¢ 4B N
F s g B
3 1:100,000 |# s 1:100,000 |%
£] 8
H i § B
s L g
g i E'_ f:?:\;—]s § § fl‘: El—r:rTR -/Igs g
B Low : 0 B Low: 0
= [d

740000 Tadoco 748000 752000 750000

9y (S0 2595 Al (T « ooy b Slod S0 2395 4l (0 NDVI ol Gidigy (ps L (Sl g 595 aiedis (I (Y) U
Jlow i 991 51 ooliciw! b (MM/AAY)ailj9) &5 5 yadisd’ (K0 22595 i (5 S oo o0 )91 31 oolicin! b (MMIDAY )ailj9, &35

WWW.SID.ir



il § (8 bl (gt (o) 5 oo ol |
IWAY o lwsls @ 4233138 0ylos ® pous Jlw |

Ty oo «(F) 5 (V) S¥olas ey azgi L as (T g 4 ol
hid oz wl ol Jlo Jpad ples sl Jlow (Bg) 50
Sore Ghgy o Ll wjls (S adbie el
wgly 5 loo jlad hundl Lo jlade emes layualily
5 el cnl oS Al oo 5o 55 saadyg S
Sy B 4 nlple S oo e Oley b @ilhae
ploi 5o b9y 33 (nl 3l dele Ry 0yl jlaie jlogas
Ol e sk 4 aeas plas vgx I Gl LS, el
olie Gilisee slaole pyglas j) oliusl b ol oY alis
SSsSz Oly B ogd 055l Ty i) 99 3l eslil b Ry
DI 18 gy )50 St e Jgad plo o 1) Ry LS,

) 5 (1) SNobre 5l ool L (G) S sle )5 L
50 SYolee pl 5l o] Cawds polie g od dwle
WA ey 0080 Jilde jo (F) S

160 G metric = 0.94 * G sebal -36 _ 7
RrR?=0.89 et
140
=2
= 120
=
=
(<]
100
so0
-
60
60 so0 100 120 140 160
G sebal

99 3l eolawl b odwl Cawsd a S glo )5 5L polio :(F) s
WM™) S 30 5 Jlow Joo

ARY

S50y polie o Dol 0gzg Mo pwyn psbite &
(Allen et al., 2002) Jlew g, 99 4§05 g yudesd ol

Sl ol Lol sladilse & boe gl «Sje s
coubli f“"")ﬁi” 9o )“ OMT Cowd 5(H 9 G 5Rn) LS)JJ‘
dsls | Jolo bl (28,5 )18 anslio 5 gy 950
o ssalive LB ()USE o Ry Lalls b L
Syl 3 ol bt iy S8 ol o o5 jsbiles
S 1 S g Jlw slaJos 5l eslinul L Ry
5o ol o5z 4 iz DS 5061555 50 (YL ey
dle (g8 )0 piyssl g0 cnl olis o 4 il
aS azil 4 axgi Lol co Ty (6 pmas| codlads o o
L ool s @ Ry jladie gl oo onalice JS ol o
i S5 gy 4 i S g, 3 sl
s as ol 53 4 oY ols syl i o0,
oAl Qlees 9 wiliso ol 15 pgal 4 Loy (M) S0
peond Jlo Jpab 5 baole solos &y IS jsbo a1, 951019

Rnmetric

soo Rn metric = Rn sebal + 13

R Z=0.999

400 S00
Rn sebal

600 700 sSo0o

90 31 eoliswl b ool Cows 41 (Al il HLo polie (¥) S
WM™ 4 520 3 Sl Joso

’ 0.0<~LAI < 0.5
0.5<=LAl<=1.5
160 1.5< LAI <=2.0
LAL=2
140 ST e
120 e & .
E 100 e
= i .
> 8o g
e 2 '
60 o
-
|
40 >
)
-
20 DL
-
-
olZ H L L S |
o 20 <0 60 80 100 120 140 160 180
G SEBAL

i L |
140 160 100

9 Jlaw Jow g0 31 ol S slo )5 jLo polio :(£) JSCi
LAL bl p1 S5 0

5 Jlow e 39 51 ool S oo 5 5L ol :(8) JSCi
Ts bl y G yie




dwloes j0 oolaiul 0j50 ol Hog oy 0 Gl o0
30 el ool sl eolatwl ogs cawbio 4zl o 4 LA
Syge adhie )3 obj (2lS de oS5 L sle Gl
2,5 ke aslllas

S« e o (Allen et al, 2002) Jlew b, o
Sl dwle &g, g ailiw] glo Sy Gl (SgS> 50
A>3 aSS1 Jdo @ Ll )l 0szg st (slo S
Jb‘ ‘.)5...'::6@ o.)Lé.‘i...u‘ G 9 Rn ).n)l.%o )‘ H d.....ul.?bo
Sl H ol polie 5, » adlie 59 nl @l )3 35290
Aol e NS

sl 5o 3l eolwl UL H ailbw 5l Jol> mlis
a5 b ablge sanlive JE (NS o Koyt 5 Jl
> ‘:"9 Yoo B e 6Ln)f )Lw ﬁg)lin ) ‘(V)Jﬁw aQ
5hoas] Caws @ ugme lo,S Lo polie jo o008
G v oogaome jo a5 Jb 0 wed oo cdmlice Jlow s,
S eS H polie )5 05055 wo b (03 (Sen
Joe sl dilaie o ol gl L blie oS o
H )JQLD.Q 3o OO S¢>g .\.wl.:b.a »))5]).3‘)5 ‘_g‘)‘\) &S))M
50 ez 4y by o Wilgs oo ol 9 YU slabes o8gue )8
N8 g ol ddhie o ks polie dcule
Sewd g H polie 58 05 5 ope ladesSty Sl
9 O pw J«S.u 99 OH9= Lol .\.ml.:GA )‘Af ).:‘ IR W aQ o\.\.;e"
polie dials jo Uz (Jadd Wag cob g, 90 ;2 0 p )5
by ailiwl lo oSy il (SigSz 4 plyi o I, H
4 (NS Jogad 13 092 a0 cuds DS 5 cudls
Ts Yol 5 G caslisls sbas sl 4 las oo 1, DS
Cnsls Lo e adlaie po

WA |8 Sl i g 5 oo b

IPAY bianli ® 35190 05laids ® pgus Ju

Lol aseis BB oo 3l e 4l g0 (F) S o
O oz daly SO T e a8 conl) G SBBgs Al o
Dedse odelin Suye 5 Sl Shs, 99 5l Jol> polie
SaSTy ol o aS o G b B Sl asb yo
od.u.v.)la U’“"j) 99 LS‘AM d.laal) 3929 ‘Bu\.c )iaL....u Ll
NDVI sl el )b 51 G ke dwloe 4o a5 bl 5l el
<* oolaiul (TS) o) CJa...u 6Lob 9 ) 3J~JT {LAI
3P Kad pie (pl S92y Lo qwy jelate 4y gl
bl ez 51 Se e polie wlal 2 G pslis pgo 4l
Ts o LAl jul)b g0 g5 coniol glayial b ol jo
Sy 5 Jlowo oipsSl 55 Lot 051 G polie L
SYolre @ dz i bl ool ool inled K, SUSas
“)5‘.';3‘59 PRV R ((5) J.i‘.u )d as )5.|cul.o.lb 9 (?) 9 (a)
SOESG e g Jlew 13,63l g0 5l oad awle G polis
pas o yiion ((pglS ax ;0 YY+ 5505) TS WL polie
sbs YL polie 10 5 W oo lid g ], Salen
Db e G laia jo 5,51 00,8 lils Jlaw Jow o o
aQ oolauwl S)90 (5&&9) as AR 0 ULM..: g,u.t.‘a‘j &J"‘
ahice gl anb 4 4>y L G aculbre ol
Cos 5 6,550 & ks (FYYA PK = ey °K)
sleJae b g oad 0,5 s Syge o Ul ot
g adg adlate aylyd b conlite wax
solie i @l o5l Cuss @ jslite 4 g5
5925 b WS 1B gy 0y50 Wb 5 ailbaie 0 TS
5 50 el a0 YV sgu g lade b (i slales
EIISs o o azsl @ ar g b izmen 250 a0l ol
LAI ,olas jo P)aolee olul g 95d oo oomlin
Sl obgy 90 ol 5l el Caws 4 G Jlade /0 5 555
Iy 3090 ol Cde ains Jloy95 0 095 (S



il § (8 bl (gt (o) 5 oo ol |
IWAY o lwsls @ 4233138 0ylos ® pous Jlw |

14

Hmetric

-200 -

-400 -
P

H metric = 0.54 * H sebal+ 68 -
2 _
r? —0.988 -

-400 -200 o

200 400 600 sS00
H sebal

(WIM2) Gy 9 Jbow Joro 95 31 00liiw! b ool Cowd 43 wgamxo (glo 5 Ly 0lie (V) JSi

Y slabes jo a8 Luil 50,5 goiws H 9 G oo 0,4l 5
L g eadilior 0)0nl8 il Jlw Joo ;o H 5 G ol
5 oae] Caws @ ET Jlade cnl jUan! (V)adoles 4 a>g5
odel Cawd L ET Llado 5l a8 ol slales ;o Jlw Jowe
oS sbled )3 g (pen by Wl Sue Jue

3,908 095 5l Jlw Jowe 3l ool Caws 4 ET lade
ol Sgpeie 295 A (VUSS jo aliee () a5 a0 lis

a
ET sabal

99 3l ooliswl b ailjey (ox8lg 325 g i polie :(R) S
b glod bl 9 (MM/dAY) Sy 0 9 Jlw Joo

el plio 0,10 g, s 50 eSS B g0k o) jeia Lol el
B ewsn yse S8 4 s2se sba g, bl (5590
all e 2590y <80 Lol en Sagaz sla by, 5 4285
3 397 ge SIS (c) 5 35503 b pol gl gl
w55 90 5l ol ilg, (aBly 5ym5 5 i slaoygl

WS 0929 Jle g0l yo 9T ol 51 a8 assl ulaol
5 b zyhe S seg (Allen et al, 2002) Jlew w5651
93] el samlice’ LB 55 (M)USS jo oS job les
5 Wbl go Syl shls ET obj polie o Jlew
I500slp8 cnl Soyte 58 o8 polie o a5 J>
polie jo olg o 1) el cpl cde ams o lis 095

e
ET metric = 0.88 * ET sebal + 0.35 Z iy

RrR?=0.95

ET metric

ET sebal

99 3l osliiuwl b dilg) (o2l 3,25 9 i p3lile :(A) JS&
(mm/day) < yio 5 Jluw Joo

Sy9lp Sglite 5 suxie slaby, 5 i, 929

@9 35 @lojlsale piglar sleslinul b 5,05 5 e
Lol glaaglss lils (S0 oS o slabsy, adg
GeSS amo e LS widlige ey slapdy;sSl
oyt Jo o oby S LAz S g0 5l e



Jdo @ gl ol sdas izw &Sl S sle 5L
90 oo dewle S 5o )5 JLo polie yo ol O
LA 5 Tg ol oads abil asdllas oluly ol oo oo,
oY eonl by axals Gl sbwl o 1 b o i
5 AL Gidn sloasls 5 To oyl ey po ol

g plonil (g i Slalllas S 6lo )5 )L rizren

o [0 Sl i g9 ik ol

IVAY lawsli @ w203190 oyl ® pgw Jlw
5 sy g o Suye g (Allen et al, 2002) Jlew
G mls elely sl oSl sbyl Mo azgs
oslitul 0550 90 40 Sl Glasgles dg3g b cose] Cws
2 Jbes gy 4 S 2oy MY Jlade S e Gl
oud S G2l o ails; (Kl s S Syl
5 eslatwl (DLl ol ade aily 0yel s
9 Srheadl Codlad (o pd arule o Dglite DYl

&lw

AR R PRV Guso)é oKisls sg,j VRSV cj)f s.)u.'l';)|
Ol gt 3l g 125 )0 mdge iz gl 5 Sl @ o8I 5l ooliial b oaBly’ (5,5 5 jaie 0,510 VYA o 559 =Y

N8 g oy B olKiils (Sl wdipe 09,5 cos )| ol IS 0,90 asl

3- Allen, R.G., R. Waters, M. Tasumi, R. Trezza and W. Bastiaanssen. 2002. “SEBAL, Surface energy balance
algorithms for land, Idaho Implementation”. Advanced Training and Users‘Manual, version 1.0.

4- Allen, R.G., M. Tasumi and A. Morse. 2005.”Satellite-based evapotranspiration by METRIC and Landsat
for western states water management”. US Bureau of Reclamation Evapotranspiration Workshop, Feb 8-10,
2005, Ft. Collins

5- Allen, R.G., M. Tasumi R. and Trezza. 2007. “Satellite-based energy balance for mapping evapotranspiration
with internalized calibration (METRIC) Model.” J.Irrig: Drain. Eng., 133- 4- 380-394.

6- Almhab, A. and I. Busu. 2008. “Estimation of evapotranspiration with modified SEBAL model using
Landsat-TM and NOAA-AVHRR images in aride mountains area”. Proceedings of second Asia International
Conference on Modelling & Simulation, 13-15 may, Kuala Lampur, 350-355.

7- Bastiaanssen, W.G.M., M. Menenti, R.A. Feddes and A.A.M Holtslag. 1998. “A remote sensing surface
energy balance algorithm for land (SEBAL): 1.Formulation.” J. Hydrol., 212-213, 198-212.

8- Bastiaanssen, W.G.M., E.J.M. Noordman, H. Pelgrum, G. Davids, B.P. Thoreson and R.G. Allen. 2005.
“SEBAL model with remotely sensed data to improve water-resources management under actual field
condition”. J. Irrig. Drain. Eng., 131(1):85-93.

9- Bastiaanssen, W.G.M. 2000. “SEBAL-based sensible and latent heat fluxes in the irrigated Gediz Basin,
Turkey.” J. Hydrol., 229, 87— 100.

10- Chavez, J.L., P.H. Gowda, S.R. Evett, P.D. Colaizzi, T.A. Howell and T. Marek. 2007.”An application of
METRIC for ET mapping in the Texas high plains”. December 9- 11, 2007, Irrigation Association
CD-ROM, San Diego, pp 268-283

11- Folhes, M.T., C.D. Renno and J.V. Soares. 2009.” Remote sensing for irrigation water management in the
semi-arid Northeast of Brazil”. Agricultural Water Management 96 (2009) 1398— 1408.

12- Hafeez, M.M., Y. Chemin, N. Van De Giesen and B.A.M. Bouman. 2002. “Field evapotranspiration
estimation in Central Luzon, Philippine, using different sensors: Landsat 7 ETM®, Terra MODIS and Aster”.
Proceedings of Symposium on Geospatial Theory, Processing and Application. Ottawa, Canada

13- Jacob, F., Olioso, A. Hanocq, J.F. Hautecoeur,. and M. Leroy. 2002. “Mapping surface fluxes using visible-
near infrared and thermal infrared data with the SEBAL algorithm”. J. Agr, 22: 669-680.

14- Shu., Y., Y. Lei, L. Zheng.and H. Li. 2006. “An evapotranspiration (ET) model based GIS using LANDSAT
data and MODIS data with improved resolution”. Journal of Remote Sensing for Environmental Monitoring,
GIS Application, and Geology VI, 6366.

15- Tasumi, M., R. Trezza, R.G. Allen and J.L. Wright. 2003. “U.S. validation tests on the SEBAL model for
evapotranspiration via satellite”. ICID Workshop on Remote Sensing of ET for large Regions, 17 Sept.

16- Tasumi, M., R.G. Allen and R. Trezza. 2005. “Operational aspects of satellite-based energy balance models
for irrigated crops in the semi-arid U.S”. Irrigation and Drainage Systems (2005) 19:355-376.



il § (8 bl (gt (o) 5 oo ol | ‘
IWAY o lwsls @ 4233138 0ylos ® pous Jlw |

17- Trezza, R. 2006. “Estimation of evapotranspiration from satellite-based surface energy balance models for
water management in the Rio Guarico Irrigation System, Venezuela”. Universidad de los Andes, NURR-
CIDIAT.

18- Wang, J., R. Kimura and W. Bastiaanssen. 2005. “Monitoring ET with remote sensing and the management
of water resources on a basin scale”. The 11" CEReS International Symposium on Remote Sensing Japan.



vy [0 Ol i g sk ol
AT liasli @ o235l98 0,leis * oo JUw

Estimation of actual evapotranspiration based on satellite images using two
algorithms Sebal and Metric

J. Omidvar, S. Noori, K. Davary, H. Sanaei-Nejad, A. Farid hosseini

Abstract

There are different methods for evaporation estimation that are applied according to the type of
application and the required accuracy. Different remote sensing methods have been in the concern of
many researchers recently. It is believed that these methods could provide more accurate results in
watershed studies. On the other hand, there is an increasing demand for spatial and temporal
evapotranspiration estimation. We used SEBAL and METRIC models to investigate the feasibility of
their application for Mashhad watershed and also compared the results obtained from these two models.
Surface flux was calculated for each pixel by applying these two models and ASTER images, then actual
evapotranspiration was calculated as a residual of the energy balance equation. The results showed that
SEBAL algorithm underestimates actual daily evapotranspiration in the order of %A-4+8/93 in relation to

METRIC model. It was also concluded that both of the models are capable to estimate actual
evapotranspiration by considering spatial and topographic conditions and.also vegetation cover of the
catchment.

Keywords: Daily Evapotranspiration, Energy balance, Remote sensing and-, Sensors Aster



