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1- Shuttle Radar Topography Mission
2- Advanced Space-borne Thermal Emission and
Reflection Radiometer



YYV b poliie yo a8y &y pudd 841

Ol ol sl -
NS N
1 - a}'f =
= i
e
I
at

MU L JKm
0D 45 9 18 27 Y ¥

JL‘u olfd_m._rj

sl e sl

) sals
Vi Sy s )

L a | dno—tsgladagleas

Egoong s 815 e
i ] el

IR IFEPNE N

] ol iy @l

[ = =] oo isso gL o
! (2] haamns i ez
[+ s
‘ g il

W sl

B ez
e
T -
FH ailsag,
AL
1 )
. S Er
T
X

S0 (AT (3B g By lwdd o (ddowin CoxBgo (gl (65,9WiS adgn (ool (6,15 duils -F UG

Ogldio pods Sllos oy a8 conl S5 a4y p3Y ad a3 5 sy
SWAT Jl58la 5 leMbl ool 4 calise (algl5 g4 dw ¢ Jomo

A a8l

BLS 3,5os g (509, slao3l>
sladls) edgame 13 35250 (5 yteg)d oK) 0 oM ]
=B laebl el (glaodls a8 (WAA-AR B AYYA-A. Lol
Ll s 09)93 gemogyd oyl Gl alex 515,55 0 (4295
ssbate 4 () JS3) 103,8 ealisul (JKiz oLl s 5 (log) g6
VY 50)93 sl ol 3o glaosly ¢ e (o liiel 5 (oxily
3 9 85p9liS slas o)) g lel Jluw Ol 51 YA Ls ATV
Soglamar SHo Sy (gl g (oxe Lol )5 b anlas

AW

‘D—\_;f u\fya}m VWAL LYY )‘ L;)L»W (8092 dl).g d

e Jgore (o pde sloodly i8S S8 () 3)90 @23 9 (o
lles walarwl 3y5 0 (sla3sS" glail s cuiS odos DY guato
5918 Sl oyl J (LS )8 g5 o sl ity g cilS
dg290 Qlwdd Vo Slho & axrlio L pizpen 9 223,531 kol
3L yge leMbl fliwad ;o S 4 S S5 l5,5la8
w0 pAS CulS sly oolaiwl Dyg0 (b e (glaogud 35 |ueSS
ot ol s e Vg ) g 3 e @l
=B asleas ooy L (635 e (s jl gy liwdd g FyaXls
Sle SYo b lawgie slaedly lie y oSk (slaodly cunl S5
Oz ilwaed JLo W (b )3 0a03 )5 (158 dm Bl oo
Col S5 4 p3Y .l 039y ol dilais ) lawgio jobo 4y Sldas
(ol pln 20,5 o S lieyd Jlu S WK (s paiS &S
ol 2 Jlw o S ©jpm Jgae (nl sy (LS e



IWAY Gl Vol Yoslod « ol pl (8525 9 )kl 478 YYA

(5550 G50 3 Wign ) lamnd) (2 P (510 (0 jrto (SloBGMS — Jgun

sy & gy Ju
- 29208 YE ) o )
_ Y LA Al
- 2o VY cusls \
Sa 55 p)SelS VO (lawd e WY 2355 \
- RV s gl )
iSa 50 p 5ol B+ <o) Ll VY 2255 \
S )3 Sk B+ o)l BT AR g ¥
S )3 pSokS B wopgl  Cuamd) Ve (3358 v
- »¥ Cadly Y

(&8 (559 31 £ 03ke lmadd) 023 P15 (6151 (S y200 W0gans Y Joo

Olousgs

&0 olles gy Jo

S 55 o, SobS B clind
S )3 Sk B+ ol

Ay &) b )
Ay i dle )
N culs \
Sy 23S \
Sy Y \
w5 sl y Y

olyj sl slallas o)l 5l axy 235 Jlosl laas> o5 a5
YEA Ll oliss 48 05,5 ol (1) Ui s (ol 4o
bl (o 49>

VP oy A yeg LS a5 Loy g (S,b Kaalcdl polie
sl e A8 485500 uged 423 F g el
23 A wlora Snlecdl 1,5 s b Lelisy) Wb D Ay )
Oy (gadolas jlodlanl b (gadiyed (il 5o o Jles]
slaoaly 3ge 5l eslaiwl slow (Angstrom, 1924) g 5wl
Neitsch et ) olS 3,Shas (59, o] 3bj b ,blw SWAT ol
pAS g (ol 4> g pAS OY game (gl 3,5 34l (al., 2009
o9 435 Jace 3l 3 Lagl 4 bgiye (e sloodls o2
b o3lail Jdo 53 Joudly (555 9 s dpwlone gl joo Sl
o3lsiul Juo )3 by (2bg) (shy pite 0333 bg) 5l (wimen
oLl oL oo sl 4095 (oyll bgy Guins cpl )3 .05
2 Slej ©de d2 slyr g (B o (fygliS AL (e | 105
el gy S o ookl ()bl 5 (gjlwans (50,93

Jie Corbadeus Julodi 9 (oxinly
pas Jdov g (oxiwly cas SUFI2 oy jl Gaizs opl )
2 odey o=l @S s edlawl SWAT Juo (g5 Cuslad

Jae ylalw
Winchell et al., ) 2009.93.7b aswus Arc-SWAT )jale 5
)8 ool wl 3y50 SWAT daly 815 Lawly lgies (2009
YY) WYE qo V5l asliny Siloj pB Luloly Jao slypl )8
gl e 939290 S b Jie ()85l jslaie 4 Jol Jlo 4
A > b=y 13) 8,5 ),5 oalil 3,90 i jialy ol
Sl 5 2 Jle ¥ g oily gl (o Sl V(s )8
(LS clmodly y iy o pie o a0 eolitnl sriwcons
a5,3 L5 s HRU S5 dsgs pj pn oS 45 483 ] 0 pwenss
725 Jole e laadgs ;4 adge (M el gl 95
by Bl aadgs 5 CUly) z9ys Jome (olod s 3,5 Jool>
5 £ WY ae jy 0 b 5065 jyo (slaodgisne I oalatl
2 9290 (S yiegyded Soliuw] (pizmed g pliusd 5pe ¢ 2l);
g o 485 )15 Lol b canslize (glo 29,5 LS (gms Cudd o
Colume (58,5 418315 Codgaome aill g Agi laduses 3 0)lgd
dl)—:‘ oAb J_f Aoy - a)’l.bl L LQSM?)J) )l <SS gL
0 S g )l ()l ol wlyuss | bb cusladpas ials

1- Warm-up period



Y¥A Jle puldo yo (oaBly & pmim s 990

sk oKl 5 (59lg)in (Prily Jl ey 2B (il
23 PSS )8 CoU laddgn i ddgn 13 9290 (6 plogyen
oty & pslailen a8, )15 (il )90 i sl o]
S 50liS” g9 3l e 53 Jlo S W 03 pS 0l i
ol gluwdnd 3 Slae gl a8 Sla Jlo (gl s 10 205 o
Lyl 5 oolizl b adgs S o1 51 ey s plosil omisly s
Cale 52 b (Priwly gsSie shadss 5 sl olS 3 Slas el
(b 2L 9 Sigdrias Lyl ggeome Sl odliul L 5
o ) 29290 (Syiegyded olSi) S (Gelg)nm (oeily
9 Jde od5u 3l bl Cap e lajline 35 plosl o)lgd
okl v yliel o (il (glaoygd sl dmyie yo o ol
NS Copo R i cops R Jole P Jole jl a)le oS 03
Jole s Glayyo 1Sk 4y 5 (Nash and Sutcliffe, 1970)
sbaslina I jeSie (sbajlae plo c Ba8 Cpyd SR Jolo 5 P

ile b sl S0 4 35 NS as ittun Jghito
N

z (Pi - Oi)2

i=1

NS =]-—%
Z (PI _Oavg)z
i=1

0)
losalin polie el 4 Of g Pig polio slas N ] p3 o

O OsmySy b oS dad o LS NS L sl o 0ad g jludud o
l_gOW)f)bd\g)b.&a%Uaﬂ@ﬁ&aa.&.i}o.\zm)pﬁo
(4t Hla80) G 9 =00y oylel ol jlade )y Simlen V s
3 b 8 > Slae g clsin S0 5 s (ol o i
N Jy 8 S8y 3Slae o S5 i ) S8 i
(Moriasi et al., 2007)

ol LT
(Zly Aol 3 easd sl ol syl (V) gt
B UL..«J ‘) Lmui u.ﬂ_w‘.u.o )L\.&o 9 LQ(»] uJLQ(» 9 d.Jsl D9
Camalus (e 3550 o] e 22,2) Colus Sl 't e

(i gobsine e 5% 65 x 18) 5y ixe P e g (il
Ol Cawlues Jdos (Abbaspour, 2007) aad o ol |y

9039 (el asbdg) (03 4 (STglgrden yiall VY & am e
idg ol ol 3 Sles & 35 (BLS (slo el plas

0y3 2 bl oSl ol JE Gk 5l ol 30
s B3k 5l gl 3l BT bl g (siglg)am (oxiwly

1- t-value
2- TRNSRCH

Abbaspour et al., 2007; ) cowl oais 03l oyl (o0l j wlalllas
Schuol and Abbaspour 2006; Yang et al., 2007
oy5-N! (Faramarzi et al., 2009; Akhavan et al., 2010

Ban b Cass p pd &S sl G ygo ol & SUFI2 g5loaigs
Sl 4l ey b jlme slaodgaces dn S )3 09 g0 iy
A U aS sl e adgl d9a> (el 3 D900 e yel)ly o
OB b b e 8L e Jb e 3 9 S S
Y g A ()l aged dos el )l Cladpae adsl g0
398> 5 S gei )by p3 D9 oo plomil 3bj S 4 Sl
Lilaie 5 2900 2l 5 yme e 4 00 bl ppolia da sl
a6 ySas0s )b s il dn 0,5 o duwlbe CBia 2 jlade
U b oo pials jielb o gaialy CBun ml lade duwloee 5 Jde
5 loanlise claosly ST (Ll wx5g 03yl p byis g3 S Sloj
5 Vg 2 8ly (Loyd A Cualad pae i i) 9SPPU (sod445x0
9 S8 SPPU o pte 1 (5 Yl 2> g (0
S 015 (5 xS0jlul glmodly CLaS @ ord S5 bulyd ()8
odalin palio oy iy 18,5y 0 Bua SUFI2 o cplpls )b
pie 3yl )3 CheS 4 (gl il o Bb Calis o jieS b ord
Slgiiy d-factor ¢ p-factor culy—s SUFI2 g, ;5 cuyalad
g omiwly Oy 8 09000 cieS 4 (dlp el @ &S ol ol
sdalin glaosls 3l sy P-factor .anib o Coxled pae Jdoo
5 351a8,5 1,8 95PPU cualad pic 1k odgizme (> &S Cawl ol
9 ol a> Glaie a2 V0 Jlaxs) jblie polie dulows b
s bype oy JLaisl i 2 Yl i plsie 4 202 AV
P-factor Jloas! jlide gl o candy ol (gilwand (glo pusio
Copalad pae Wl 0dgaored sanline (glaodld (solod oS canl Sloj
d- , %> &, L jl(P - factor — 1) 15,5 )3 95PPU
Cuol 95PPU b (0l ¢ YU dgds (4 alols 1 Sls il factor
Gl 08 Jloy oais stnliie cloodly jlzo Cblymuil 1 s b a8
.(Abbaspour, 2007)
ool & 0 sloodly uloly Jde riwcons g (il
P A e g 2l P LS 3 Sles slaodls g (g yiegyan
L (Yoor ST Jgl) VYA s ge (50593 (sl (ol JLw ¥ ise
JS) YA o 51 (ol Jo ¥ g (2 oV puolipus o) WA 5551005
2 plosl (Yed e paliaw Yo ) WWAR g 05 L5 (Ve -V 8]
Ol o 9 23,5 (oxily SGolg e sl yiel )l L SWAT L
oalaie pay a8 ol oS 0, Slae uiwly (gl o jiolyly
Jold adge Sl (2o 53 @8ly (s yiegyien slroliu]
Ll ) dudg> (295 5 9070 95 53U e ol o)
L o IS ol J oy 0 iy 0blan ke (S
95 e sLaolinsl slp col (Golgyen slajyiell (585 ki



QY bl Yoo « Yo,lod o oyl sl o355 9 ylel agpis YOO

Aol 3 Fge sl yiall I Sisle o Jlade 5 e (Sgrien
5ol BT dm jal )by ol cadads > ity 451339, yiann 5 Sgis

ol STy 5l (padld 4 gl S (o STy W2y, s
b ol 0osl CueS &l 4385 Slp 4 inejpj

G cnl il 3585 (godes «Siis doy g Suid 3ble )b aslid,,
5ol B Jsle (geliuogs baae SUlg) conlpliy 2,5 o ©y50

Sorman and ) 5,5 . JyuS 2l ol 0 by JEsl 5 )b
Abdulrazzak 1993; Scanlon et al., 2002; De Vries and

Simmers 2002; Sophocleous 2005; Scanlon et al., 2006;
o=! b (Wheater 2010; Edmunds 2010; Yin et al., 2011

g ypliss ol asgs 3 (ON2) oo o)ledd Cowlus 92

Gdo by g oS b Jlde aS SUis doy @8l b slrases )
Bako and Hunt ) s il o cpenl pls a8l o slasl abeS
9 el V) 33 B 09 Jole) B (slapiel)ly cpmizeon (1988
Jd> wvg b Loyl aden (S 09> carl lod
Gades By ganl aS cowl pl Gy sla gl )b Coulus

4 Y b e by Jsl goub 5l Ol B cuwlas (gojlul

U8 el oo U] gl 51 T M1 el a8 el (83
] ) . i . - ool &S sy oo 4 4l plo 00,5 o duwloee SWAT (5 asgs
dog> )l Cound L)"I PN uli)> WDy 9d g Cwl dw; )}gl.&.y

& oyl cpl &S cnl g o3 SWAT Garos bla 5l 5
P ypar YLl oy rh 9 039 ) 290
.S «° J)‘“‘S |) }iﬁl

colia e oy HRU usls Ly a ey a0 (SLS

L] Gl lado 9 Ll (2l 9 gl 399 ((Beiuwly LT3 )3 B ST ales S el )l Y Jgor

LR 83900 p- t-

sl sl value  value Olwdy Pl
[-/xy, -/av] [-, V] . Va/ay ol Jlasl ol v__ TRNSRCH.bsn
[-/¥Y, -] [--/a, +/] . ) i 0yl r CN2.mgt
[¥d, ¥V] [-, V0] . AYE (celo p jadss) ol anly] (Sdayin colin v__CH K2.rte
[-/¥, +/¥a] [ . /-y il ol Jedl e Co s v__ALPHA BF.gw
[-1\, -/¥Y] [, +/¥] . \/sY sy by ol anly] Sile ey v_CH N2.rte
[-/%, <[f]  [/-Y,<IX] Ny VD “Revap” cyps v__GW_REVAP.gw
[+/¥y, vI¥Y] [+, V] vy VYN (3%l 43 3) yoluod YV )3 By ogd Jole v__ SMFMN.bsn
[-$/¥Y, -¥/\5] [-0, 8] N7 e (3, S5l 4,3) Gy 0355 g glod v_ SMTMP.bsn
[-1va, <IAY] [/, V] A -/ay ol g S 5l Ol Lls usnal cu s v__EPCO.hru
[-o/-5, <[-5]  [-+I0, -] I¥V - (el sods) S (Sgynm culan r_SOL_K().sol
[¥¥, £Y] [\-, \0-] .¥a .Jov (120) s Jsbo Lawsie v_ SLSUBBSN.hru
[¥VY, ¥A¥] [-,0--] <Yy -/o¥ (59,) owojpe; 1 435 p3L oo v__ GW_DELAY.gw
[/Y, -/¥V] (-] -J¥E -Io¥ Gros Oyl 45 2o v_ RCHRG_DP.gw
[¥/AY, &/¥A] [+, 3] 150 A (31Kl 4 3) (Ve VY 3 Gy gd Jole v__SMFMX.bsn
[-/F\, --I¥Y]  [-+/a, +/0] I5Y ¥y (o szosls 1 p5) SB gyl JIEs r_SOL_BD().sol
[-/¥V, Y/$Y] [-5, 8] -y .¥a (o) Sl 429) By glod v__SFTMP.bsn
[-/vy, -Iva] [+/+, V] . JvY AT Sl e guonal o po v__ESCO.hru
LAY ] [da -] A Y P ko) SE oot S8 *2 ‘“‘:i r_SOL AWC().sol
P sk
[, V] [\, Yf] -IAD A s Clly,y b g v_ SURLAG.bsn
[-1+5,+15V]  [+/-\, )] A o Gy 0385 (glad yb gy v__TIMP.bsn
[Y¥AA, YAVY] [+, 0-+¢] S WA\ Qb by clp glesal » by i Jslas v__GWQMN.gw
[FVaA, FIA] [0+, Bee-] ] ) obS JolS 05y el p3Y sl cslo S sy V—HEAT—UTV\VIII]Z;)mgt (Irrigated
[-/av, -/5¥] [-:)] - - cuslyy yadls v__HI TARG.mgt (Irrigated wheat)
[-/A5, -14] [+, V] _ B sdse 6l el 48 T oyt sl V_AUTO_WiEij).mgt (Irrigated
[YYF), YV¥0]  [0+-, 0e-+] . . . V—éiﬁgggjﬁzast-)mgt

[-1y, -/v#] [-:)] - - - v__HI TARG.mgt (Rainfed wheat)

dloe (el polie (3Rele) e 5 (3033 S 4 yiehly ol 1> ) (god Sl ouind LV g T



YOV Jbo olio yo (oa8ly &y pudd 81

led Gilodnd (a9 4 QS @ 8 ] s> (295

W IS @llia ©jgo 4 35290 SlrolRivn] (xiwly 5l A
LiolSag] (] st sl et s sla bl (555 |
SIS S g9 ool oS bl JS ol 03,57 (il
Fam g yahl 57 59 00d SS& ilizes gloac g g (o2l
158 bl Lo @ polus ol VY Clus 30T plox
SWAT el oads odls oLis (¥F) Jodo j3 oS jshailan (¥ Jgis)
(RMSE NS R2) 5,Slac (sla)lxo 4 4255 b |, by ol
ot 45 (peai o pb 3)Sdas Hlre led (Gilwdnd (o950
8 o il |y slodnliio 5 oadigiluand by e (g s
ke 5 NS .cels 5 Job— LB ol 3 o) ples (sl
oo |y o6 pSoilul claodly bl 4y oxlagdl (il lg (oo
(V) ofSad 5 (oo 53 3 45 53 iy > 15
o ooily 5l sylme &S RMSE (g0 lol .coaisls 13 cons sloiy
2 ojb & gl glodalin g ol gjlwdnd b > ke
Doy laie calisee slaolKiw! jo by

o5 22 1y by K9y Canl adlys Jue () JSB 4 4295 L
S Capabad pie dg2g opl b led (gilodnd (093 4 olSn
(cadlv JsGs) STyl slaolRawnl o by Ko polio gq, (o0b;
Ale Jae (ol b 4015 32y (OF ) ggeome 95 5
sk Cilys ad S50l e 5 5 slaolin] 4l & (LY
) gyl g (2398 il slaols )3 (b yr Sy (23 (ool
» ol 2 sibedis a8 coul S5 4 pY S (giloans
mCl Jln ool ye gblio 4 Cons Suiddeg 5 Sis (Sly
&Slge 5381 30 g 65 Bblie cpl o by &Sl s 4 cunliyd
Sl S o5 ol slagil sl b 5 Adlpe S
Poff and Ward, 1989; Walker and Thoms, ) ¢uwl jl, 8,
iz 2Ll e 3 (o (sl seom 0529 0l 1 (1993
Lns g 0lo 9o b &l 51 0 &5 ade (293 (lgin
Ol ae pliwd 5 (n Feree Ailies w3 b 392 05 b2
sl Al oo Adg> )3 olS ot 38> (4185 )l ) doxi
e ol M ol (sailge Sy 505 o o b by
g ol Siddos 9 St (295 > @ly 65)5laS srase
S e ) @l (e FB polas olS Cope (8550

modd ool L Y S o ¥ ot 0 by (e liel gl
&S W3¢ uiwly gl b alie d-factor ¢ p-factor (slwo,lel .l
Casln Jao (oriw)lisl g (eiwly laoygd () 5le gormoLis
8l deay (Sl Kol s > b (ilwdnd (Jls ol b

Cuxlad pas JJod 9 (55909 ,0b (2l
2 ably (g yiegyain laolKinl Wb S5 5 iy &S jslailen
go-ee 95 9 U] Lt b )il Jold s SliwnsS ol
5835 (rsly Bl oy (S sllmme) 40> (295 9
sl b gl (Hapiey 4o PLESWAT (oxiwly ol )
ol Sl s 255 gsamegsd 5 2bIoks ol ool
Obod 49 j 53 S920 sladein jl Lol (ul > 4l
990 slbdadin D9 o ol )] CandVl sloolKiw! b oK)
Jae 3939 ol LY US5) 505 e 3)lg  cldbats wlio flgie 4
“ded (93 4o ) getmeg B ol > b (b bl cudly
-] 53 cawliol gl (gl Wilgs o (gdamio YD led (g5l
Sl gS Ceond ) ol oyl aidl 33Ul e 5 )b la
At Ay g o5 Sy (gl & ok gly ddes
2 Ok Silwdned gl (S oKl S ladb (58,5 k5 W
Sl i e il Ceowd opl (Sl Byre dtuslgl Caomd 9> (0l
lrcdld izman 03,5 Cinp Laddg ;5 cnl 3 (21)
e Sidarin p Nlge siledde ) o 4By s Sl
Oilsw alisl (Jls job 4y .asl IS 150 as SYsb 4o ddlaio
il Slg5 o olSius! cpl (605 50 daxio cguas s
el e ) ol (F S8) a3 58 o SRSy ol
S99 ilede ) Cualad pas oad Shgel B wlie I (S
oyl )d drwgl ]38l b plRen #dly )0 .abl o wlido S35
P9t o At g 0391 S Sigdgydem (il ae ol plie
ook SWAT Jae 35 salss aaly (o pde slacallsd clsz
—pnds By b bl Gyas s dilgy (glod lawgie I eolazul b,
By ogd glwdnd ) Jie s asang LS e g
Jie el Koo &S 8,5 ds )55 oo (Fontaine et al. 2002)
P Ol deniz w45 QlaglnsS )3 By 0gd (gilwdnd 5
hobor g 0,8 Jooe s Wi ggeomeg s 5 )b wlbay,
523 b 5l (o8 Mg e S5 Jale iled (giludend dilys
9 S 093 5l ool Clly, Slgices b9y el a8l SCS b,
Side e g cizred S (il ) (o) 59y 0358
Sluogad cpl (185 )ai)d 35S (o3 a5 )3 oo |y (S,k 0 4
slagh)l &5 jnlis o (Sdddes ads ly ((SH)L
Gl 045 4095 g 0392 (5)9)5 W00 &) RS 5 Dk oligS
80 o) o alol u ol 4 d s L IV (Maidment, 1992)
50993 51 )55 e SLaoliun] ggoomag d 5 )b (6 yiegyden o]
P ol Cawily Jis cowl 15 LB .00 5 Bls il

1- Point sources



QY bl « Yoo « Yoslod o oyl el 2355 9 olel g pis YOV

((Tomwono) (oiamly 2593 51y Joto 3 Shos (b Lo p3lie —£ Joua

RMSE NS R? R-factor  P-factor ol o
YNY (+1++0) AR (IVA) RO (+IVA) YD (+/FY)  -/¥Y (1Y) oyl
JYYE (+/AYE) VY (HI5F) AV (<IVE) XY (+8Y) J$D (+/FY) Egemag
XN (1oo¥)  AY (SIVN)IAY (NN IBA (X)X (IEY) () Ul

N Gly> (PrwCous 0y93 4 bgye 3l J51 yolis’

2bge land Ve Jold jolds adge «Cdindis )3 Adl( o0 4250
Ol g (Jore QLalid)lS b anliae o5k 5l 5o8'de leMbl
P sy o=l LS Jols gl 1o SSE 4 SIS 5
3929 3y Shos (gl S 4 bgyje (Mo adg> Ll pdm
g Looaldy yiomen il o ddes )i wlie 5l 5L &S cusl
comolie €85 (sl 1l Iacuand ol (gl 045 6 5lgan M
—dod g lodnlin polie (¥) UG .00 bl plw ojluil 4
Jb s any bms oo (i ) Jgame 3)Sles gordisilo
2 9 =l pAS (sl 00d (il 3 )Shos 45 20,5 o palite
9 LB ot oS 3,5 oo )3 CualaBpae Wb ()0
ol PS5 iy e oo S apalad el oy
5y Slas oo gl 13,8 S5 o Ys YU 3 &
2le tplive ol ol 015 0313 s ¥ S5 5 0 Jgdor 3 ol
4 sol oty 039 ol 13 23 g (1l PSSl iy )90

a3 e slis 1y e slezel culiB

(g (3 25— e o 939 2
ol e Yl bl @b Je & o ol gl
oyl Joo | lgise ccnlple bl Jganmo 5 Slos g i3y,
ol wlio )3 (Bly 5y 300 sl )5S ie o
orSiskel (Bly Gy e 9 SNk & bl 1 ages eolizl
bagio (B) JSb )3 aidl e (o slac] My aidgo
it sladlw p3 (Bly 3= pes b auslie 13 (Sl
4 (S5l g by i e Al 03 Lawgie Cowl 0l 03 4]
s 03 L gto s Al o sl W 5 VYo by ol sy
AD Al gmy Milie TAD L il (S5k & (ABly i e
e B e Jl By s Cge 4 s SV 5l Aoy
Abb e ddes S gy aShe jsSde die Cunl ol g
s g plwnss 4 bgje caade pj il goate (ol (sl
ool S e 0,y i < b et U wws § SSE 588
M8 g ) 4 olaassgenj 53 90 el jlade 53
Selgyid Cun by Ly calisee sla Jluw 55 Cond (pl Al
=V )) Seis el (b jd a8 ek 3g Sglite iz

C«Q&bﬁﬁ.}&&l&ﬁpblﬁf);ﬁa&mb
)i Seigasier Jae (riwly Wb S5 Sk o jshailes
S5 215 a5 41535 ol b 1 g2 pn sioslS N0R — olis
— 35S o peiine (gdlaly > & ((Abbaspour et al., 2007)
(Jensen, 1968; FAO, 1986) o3 5, Slas g —8ly 3,
0y Sas jloslat wl by wlbiecSy 5 (SO3dsyiun (sla Jio (oxiwlg
SoSa Uy alaly 50 (gt dlosel pdaw (glyls cilBdg, (05 5 0lS
Sad g (Bly 3y s (S g0 dd 4 S 53 25200
Faramarzi et al., 2009; Srinivasan et al., ) . b Olp’uj
ye—izod (2010; Akhavan et al., 2010; Nair et al., 2011
—olRi) g (B olS 5 Slas oriwly (18,5 a3y Sy o
ey (i )3 Al e o] Sye 3 ohis ddse (Sytegyken sl
o1 @ 8ly (Jool plgsul o asge 3550 ) (65,5l slacJlid
3 0dd Sl alas sla el (V) Jgio 055 oo ©y90 sl
b Lagl e 5 gl 295 i 5 (ol puiS 5 Slos (oxisly an )3

Foly 095 (5132 S 3 Slos (gl lire 3le -0 Joso
(P cono)
RMSE (ton ha') R-factor  ol§
oA (+143Y) AV (oY) ol pas
KD (1Y) ANE (VYY) e piS

L SriawCous 0)9d & bayye il 5 oo

(B) Jgdo > (orimwcons 5 (Suwly 0y9d 3, Sles gla s ls

gy SWAT 8o Joan ay ang L .asiloads ooy ol
a8 g al S sl 0Skes gt 4 B isacals,
[WWEY) )LS.O: noy NN 9 +/+A R JQLC 9RMSE ).:bhu iy
5 b a3 pAS el (R Jole) cusbidpie jlude ¢ Jbs ol b el
‘_5_‘>u_w|9 dl)_) u9_> ("*_UL.J U"I [ RN J.J.) uS\: g U" f_\S
duby_w oleMb| 9 odl> Tuo g d_di Lg)?h)j ‘ D)S.lo.c
oo ) (bl )b g (olond 355 o3ed g8 Jid ) (e



YOV L Jbe olio 5o (oa8ly &y pudd 81

sl s an (eylal Ly 30k 51 (o86) (bl (5w puses
S ol Sid ol pogad 4 bl pan > cusl e
20,8 55 S5 5l iy Blg e Cudd

S S 4o
aslog)y by Al oxiwly ig) S ol dalllas oyl )
—Jb (ebiie 53 (Bly By s 350 sl Jgazes 5,Sles

B B oy 090 aSg>

12
o5PPU
Observed
o —— Best simulation
3.
)
\g‘ 6
3
2%
5 3
i
0
O A VL &
00"0 Qc‘t'e Oc’\'t’ 00"03 Qc.i'q oc"bs oc
10
8

(4l p oo ia) 2

100

= 5
QCR’OQ 00"0\ ()cﬁ»‘a' 00\'(‘3 00“0;‘ 00"“3 00\'06

G Ve ¥Yerd) 45 g (Verd=Yeu) Jloj Yo oV=YerA g Yero
L5 By sl Al e 1o )3 VY g A A% i3 4y (Yo eF=YerY
B35 e U3 Boe ORI L o8 ol Colly pl ot
> e sl (gt wree SUly) 9 4Bl Sl Al
sery Sllindo L T cutS gy bansS Cuand 5 4S5
a ly 3y Cumad oand s By s ol 55
=0l ( (Su0)b oMo 4l s 4 s w3 cawl (S5)b
5 55 ol 5 4 g Solel ST el )3 (hodes (1B 55 o
5 G oaimd sy A S )3 0L )6 gshaw I (350

(]

0
O"—"’Q’ oet® o
(sle] cles

VAT 590 500 G (Vo o o 33T Jol) YYVA 0 1o Cromo B1,5) (Sxiunly 0593 53 oo 2 line 5 o0l (6 5Luvdbamidd 313 duany o —F IS
Gl i 7 4 (Yo Ve pmoliow Y4 ) YYAR 551 50l U (Yo oV ST Jol) IFAT s ]y Choww B1)5) (i g (Yo oV puolinus Vo)
K bbiw (c 9 Egoxeg y> (b cgi).ﬁl (a (S 09 yud o5



IWAY (yloasl « Yols « Vojlod o oyl ciK0) 9 ,lel 4 pis  YOF

3 3
a
. 1 E =™
Fs I I I I I 7.
s
4, .
¥ 21 a 2 -
= = 05PPU -
1 @ 0bwerved 1 -
ABest simulation
0 : . ; : . . ; 0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1.3 15
b
61 1.0 - 10
3
Y 03 1 . 0.5
T P
e
0.0 0.0
2000 2002 2004 2006 2008 2010
() e (L) s

EwCouo g (Yoo V) IPATG (Yoo o) 1PV i Coonw 1,5) (oxinoly 093 3 ouwd 808io 5 0uwd (5 jlwdumd ydlRo duwglio —€ JSui
ANS oS Cuwl S5 LB o5 oS (D o T oS (B (5509 0t (6139 i 37 g (Y4 ) ¢) AFAR U (Yo o A) YFAY sl Coonw JI,5)
Sl B0 il Cygawl pd 5 CuiS (115 sl (gl bald 1 dgud o0 CuiS (b 10 Jlr S e

2o Y g /s AR Jole g RMSE yolio iy & a5 39
oy 43 005 03,911 (Bly 5=y ol 3l Gy 1S
Al 03 bawgio 8518 Jlod 9 (2Ll )90 008 038" Je
recdee Yo g VYo bl iy 4 (Sl g (Bly 5w s
2 Sk da (Bly 5y s Al 03 bawgile Cud AL e
ik (Sofglg)ian Cundy L il lalo )5 lussS
gVee Vel Seis Gldlo (b 3 aSyeb 4 3g cglite
SV g Yoo ¥V n) 5 g (Yo=Y oY) Jloyg Y e V=Y A
A cdd o w jd bl o dod VY g A AR L 4y (Ve rF
0l )3 (Slodes (i j5 heoj il o Sk 2 ogdle Sl
G 0yl CLo,lb ggbaw 1 5= s o @ 4 9 sl
L ol 5l (o8b) (Bly 3y p5es JS G oaimalis 565 4

Al Gk 4 (k]

SIS 335250 Cagb) 3580 el Jpao 3Slos (xily

5 Oloul Gl ((Bly 35y glaadlge 4 (5yudn <3 L
d")_) JJ«: .))S.l.@.c ..).))f Lg.S.cS u.’?:]aw ui uM& dl.&v—c\.oj’o ):[L»
@ Py Ol g SUlyy o Jols & jplis Sis gase
- s (TRNSRCH) )by JGsl b 5 Gl M g i
Cowlus 929 (pl b 292 (SGelghen (2xily 0y9 3 yiall (35
b 3l Ol U cowlus go3lil 4 35 (CN2) e o )lod
S sU O 33 s (muwly gz e by sl
Lo g 0l i o &lpe 51 0 &5 adgs (295 (lgin
42 NS 3 RMSE jluie & (5)5b 2 392 093 )b 392 o5 b2
S Sl 3)Sdes im0 B (iSucels) ©jpa SWAT



YOO L Jle oliie yo (oaBly &y pudd 841

400

é 200

100

mActual ET %P

':_‘_j]...n] Obej

(S5l 0593 53 A9 Jlw (o ;3 (F)l g (ABly 585w Lawgho —0 S

Akhavan, S., Abedi-Koupaia, J., Mousavia, S.F.,
Eslamiana, S.S., and Abbaspourc, K.C. (2010),
Application of SWAT model to investigate nitrate
leaching in Hamadan—Bahar Watershed, Iran.
Agriculture, Ecosystems and  Environment,
139(4)675-688.

Angstrom, A. (1924), Solar and terrestrial radiation, Q.
J. R. Meterol. Soc. 50:121-126.

Amold, J.G., Srinivasan, R., Muttiah, R.S., and
Williams, J.R. (1998), Large area hydrologic
modeling and assessment—Part 1. Model
development. Journal of the American water
resources association (JAWRA) 34:73-89.

Bako, M.D. and Hunt, D.N. (1988), Derivation of
baseflow recession constant using computer and
numerical analysis. Hydrological Sciences Journal,
33(4)357-367.

Baldocchi, D., Falge, E., Gu, L., Olson, R., Hollinger,
D., Running, S., et al. (2001), Fluxnet: A new tool to
study the temporal and spatial variability of
ecosystem-scale carbon dioxide, water vapor, and
energy flux densities. Bulletin of the American
Meteorological, Society 82(11)2415-2434.

Bastiaanssen, W.G.M. (2000), SEBAL-based sensible
and latent heat fluxes in the irrigated Gediz Basin,
Turkey. Journal of Hydrology, 229:87-1000.

Bastiaanssen, W.G.M., Menenti, M., Feddes, R.A., and
Holtslag, A.A.M. (1998a), A remote sensing surface
energy balance algorithm for land (SEBAL): 1.
Formulation. Journal of Hydrology, 198-212.

Bastiaanssen, W.G.M., Pelgrum, H.,Wang, J., Ma, Y.,
Moreno, J.F., Roerink, G.J.,, Van der Val, T.
(1998b), A remote sensing surface energy balance

ol St pla o pogad a4 ol pan 5 col (o
Ol e (2 23)5 365 Sy 3l i Wl € ) o
oo SWAT Juo aliusg 4y 005 351, )= e jl a0
oy 5l ptoniw S5l Job @l (bl Sl (2 pe e &
- ol adllao IU (Gao and Long, 2008) >,S" sslizwl ;g2
LS5 51 odlital Uy digoj oyl 3 45 llllas gl 5 bl
e Olos g 0390 LiSaly 0,5 o g0 593 ol Sl hoxiw
9,8 & bagl €8> (il (xily ol

&l

9 F9)4_m§j J..\_A wl)_ao ‘JA_ASJ (\\"/\A) ) ‘L.S_L‘k> 9 J ;o.)‘)'.:.l.f-
allae) (gdygs G2lS 3yl (S )S) Jho G dngs
5 1) $isliS @lio g pole alone (dpie adlaio 15390
FYA-YYA Y oyladds Y Als (S

e gl Slalllas (3155 (WWAY) (3,5 Glils sl pmasine
9l ol ase

Abbaspour, K. C., Yang, J., Maximov, I., Siber, R,

Bogner, K., Mieleitner, J., Zobrist, J., and

Srinivasan, R. (2007), Modelling hydrology and

water quality in the pre- alpine/alpine Thur

watershed using SWAT. Journal of Hydrology,
333(2-4)413-430.



IWAY Gl Vol Yoslod « ol pl (o525 9 )bl 400 YOF

the average annual water balance, Water Resources
Research, 30:2143—2156.

Monteith, J.L. (1965), Evaporation and environment. In
the state and movement of water in living organisms,
XIXth Symposium Society for Exp Biol, Swansea,
Cambridge University Press

Moriasi, D.N., Arnold, J.G., Van Liew, M.W., Bingner,
R.L., Harmel, R.D., and Veith, T.L. (2007), Model
evaluation guidelines for systematic quantification
of accuracy in watershed simulations. Transactions
of the ASABE, 50(3)885-900.

Nair, S.S., King, K.W., Witter, J.D., Sohngen, B.L., and
Fausey, N.R. (2011), Importance of crop yield in
calibrating watershed water quality simulation tools.
Journal of the American water resources association
(JAWRA), 47(6):1285-1297.

Nash, J.E., and Sutcliffe, J.V. (1970), River flow
forecasting through conceptual models, part 1: A
discussion of principles. Journal of Hydrology,
10:282-290.

Neitsch, S.L., Armold, J.G., Kiniry, J.R., Williams, J.R.,
and King, K.W. (2009), Soil and water assessment
tool. In: Theoretical Documentation: Version 2009.
TWRI TR-191, College Station, TX.

Poff, N.L., and Ward J.V. (1989), Implications of
streamflow variability for lotic community structure:
a regional analysis of streamflow pattern. Canadian
Journal of Fish and Aquatic Sciences, 46:1808—
1818.

Priestley, C.H.B., and Taylor R.J. (1972), On the
assessment of surface heat flux and evaporation
using large scale parameters. Monthly weather
review, 100:81-92.

Scanlon, B.R., Healy, R.-W., and Cook, P.G. (2002),
Choosing appropriate techniques for quantifying
groundwater recharge. Hydrogeology Journal,
10:18-39.

Scanlon, B.R., Keese, K.E., Flint, A.L., Flint, L.E.,
Gaye, C.B., Edmunds, W.M., and Simmers, I.
(2006), Global synthesis of groundwater recharge in
semiarid and arid regions. Hydrological Processes,
20(15)3335-3370.

Schuol, J., and Abbaspour, K.C. (2006), Calibration and
uncertainty issues of a hydrological model (SWAT)
applied to West Africa. Advances in Geosciences,
9:137-143.

Sophocleous, M.A. (2005), Groundwater recharge and
sustainability in the High Plains aquifer in Kansas,
USA. Hydrogeology Journal, 13(2)351-365.

Sorman, A.U. and Abdulrazzak, M.J. (1993),
Infiltration—recharge throughwadi beds in arid
regions. Hydrological sciences journal, 38(3)173—
186.

Srinivasan, R., Zhang, X., and Arnold, J. (2010), SWAT
ungauged: hydrological budget and crop yield
predictions in the upper Mississippi river basin.
Transactions of the ASABE, 53(5)1533-1546.

Su, H., McCabe, M.F., Wood, E.F., Su, Z., and Prueger,
J.H. (2005), Modeling evapotranspiration during

algorithm for land (SEBAL): 2. Validation. Journal
of Hydrology, 213-229.

Batra, N, Islam, S., Venturini, V., Bisht, G., and Jiang,
L. (2006), Estimation and comparison of
evapotranspiration from MODIS and AVHRR
sensors for clear sky days over the Southern Great
Plains. Remote Sensing of Environment, 103:1-15.

Brotzge, J.A., and Kenneth, C.C. (2003), Examination
of the surface energy budget: A comparison of eddy
correlation and Bowen ration measurement systems.
Journal of Hydrometeorology. 4(2)160-178.

De Vries, J.J., and Simmers, I. (2002), Groundwater
recharge: an overview of processes and challenges.
Hydrogeology Journal, 10:5-17.

Edmunds, W. M. (2010), Conceptual models for
recharge sequencesin arid and semi-arid regions
using isotopicand ~ geochemical = methods.
Groundwater Modelling in Arid and Semi-Arid
Areas, 1st ed. Howard S. Wheater, Simon A.
Mathias and Xin Li. Published by Cambridge
University Press, 21-37.

FAO, Food and Agriculture Organization, (1986), Yield
response to water. In: Irrigation and Drainage Paper
33. FAO, Rome, Italy.

Faramarzi, M., Abbaspour, K.C., Schulin, R., and Yang,
H. (2009), Modelling blue and green water resources
availability in Iran. Hydrological Processes, 23:486—
501.

Fontaine, T.A., Cruickshank, T.S., Arnold, J.G. and
Hotchkiss, R.H. (2002), Development of a snowfall-
snowmelt routine for mountainous terrain for the soil
water assessment tool (SWAT). Journal of
Hydrology 262(1-4)209-223.

Gao, Y., and Long, D. (2008), Intercomparison of
remote sensing-based models for estimation of
evapotranspiration and accuracy assessment based
on SWAT. Hydrological Processes, 22(25)4850-
4869.

Gentine, P., Entekhabi, D., Chehbouni, A., Boulet, G.,
and Duchemin, B. (2007), Analysis of evaporative
fraction diurnal behavior. Agricultural and Forest
Meteorology, .143:13-29.

Hargreaves, G.H., and Samani, Z.A. (1985), Estimating
Potential ~Evapotranspiration. Journal of the
Irrigation and Drainage Division, 108(3)225-230.

Jensen, M.E. (1968), Water Consumption by
Agricultural Plants. In Water Deficits in Plant
Growth (1). Academic Press, New York, pp. 1-22.

Jiang, L., and Islam, S. (2001), Estimation of surface
evaporation map over southern Great Plains using
remote sensing data. Water Resources Research,
37(2)329-340.

Kite, G.W., and Droogers, P. (2000), Comparing
evapotranspiration  estimates  from  satellites
hydrological models and field data. Journal of
Hydrology, 229:3-18.

Maidment, D.R. (1992), Handbook of Hydrology.
McGraw-Hill, Co., New York.

Milly, P.C.D. (1994), Climate, soil water storage, and



YOV Jbe olio 5o (oa8ly &y pudd 81

for Rangeland. Journal of Range Management,
43(6)482-485.

Winchell, M., Srinivasan, R., Di Luzio, M., and Arnold,
J.G. (2009), ArcSWAT Interface for SWAT2005—
User’s Guide. Blackland Resecarch Center, Texas
Agricultural Station and Grassland, Soil and Water
Research Laboratory, USDA Agricultural Research
Service, Temple, TX.

Wolock, D. and McCabe, G. (1999), Estimates of
Runoff Using Water-Balance and Atmospheric
General Circulation Models. Journal of the
American Water Resources Association, 35(6):1341-
1350.

Yang, J., Reichert, P., Abbaspour, K.C., and Yang, H.
(2007), Hydrological modelling of the Chaohe Basin
in China: Statistical model formulation and Bayesian
inference. Journal of Hydrology, 340:167—182.

Yin, 1., Hu, G., Huang, J., Wen, D., Dong, J., Wang, X.,
and Li, H. (2011), Groundwater-recharge estimation
in the Ordos Plateau, China: comparison of methods.
Hydrogeology Journal, 19:1563—1575.

Yunusa, [.LA.M., Walker, R.R., and Lu, P. (2004),
Evapotranspiration = components from energy
balance, sapflow and microlysimetry techniques for
an irrigated vineyard in inland Australia.
Agricultural and Forest Meteorology, 127: 93—107.

SMACEXO02: Comparing two approaches for local
and regional scale prediction. Journal of
Hydrometeorology, 6(6)910-922.

Su, Z. (2002), The surface energy balance system
(SEBS) for estimation of turbulent fluxes.
Hydrology and Earth System Sciences, 6(1):85-99.

van Genuchten, M., Leij, F., and Yates, S. (1991), The
RETC code for quantifying the hydraulic functions
of unsaturated soils. Technical Report EPA/600/2-
91/065, US Environmental Protection Agency

Walker, K., and Thoms, M.C. (1993), Environmental
effects of flow regulation on the lower river Murray,
Australia. Regulated Rivers: Research and
Management, 8:103—19.

Wang, K., Li, Z., and Cribb, M. (2006), Estimation of
evaporative fraction from a combination of day and
night land surface temperatures and NDVI: A new
method to determine the Priestley-Taylor parameter.
Remote Sensing of Environment, 102:293-305.

Wheater, H.S. (2010), Hydrological processes,
groundwater recharge and surface-
water/groundwater interactions in arid and semi-arid
areas. Groundwater Modelling in Arid and Semi-
Arid Areas, 1st ed. Howard S. Wheater, Simon A.
Mathias and Xin Li. Published by Cambridge
University Press, 5-37.

Wight, J.R., and Hanson, C.L. (1990), Crop Coefficients

QYN Y/TY sl s b
VYT i h iy b



Ol 2! (a2 9 5Ll & 2l
YEY-YOA .o IFAY bl Vuls Yoo

Iranian Journal of Irrigation and Drainage
No. 2, Vol. 7, Summer 2013, p. 243-258

Estimation of Actual Evapotranspiration at Regional — Annual scale using
SWAT

A. Alizadeh®, A. Izady*z, K. Davarya, A.N. Ziaei* S. Akhavan® and Z. Hamidi®

Abstract

The aim of this study was to estimate actual evapotranspiration at regional — annual scale using semi-
distributed Soil, Water Assessment Tools (SWAT) model in the Neishaboor watershed. For this reason, SWAT
calibration and validation was done based on river discharge data from 5 gauging stations, rainfed and irrigated
wheat yield data for the period Oct. 2000 to Sep. 2007 and Oct. 2007 to Sep. 2010, respectively. Because of the
direct relationship between crop yield and evapotranspiration, calibration of watershed models using crop yield
along with river discharge gives more confidence on the partitioning of water between soil storage, actual
evapotranspiration, aquifer recharge. The results showed that SWAT provided satisfactory predictions on
hydrologic budget and crop yield. Specifically, calibration (R2 = 0.82, NS=0.79) and validation (R2 = 0.71,
NS=0.71) periods were quite suitable for the outlet of watershed. It also was able to predict crop yield
satisfactorily for irrigated wheat in which R-factor and RMSE values were 0.97 and 0.08 ton ha™', respectively.
The multi-objective calibrated model was then used to estimate and analyze the actual evapotranspiration. Mean
ten-year actual evapotranspiration and precipitation was estimated 230 and 270 mm, respectively. The ten-year
actual evapotranspiration to precipitation ratio at mountainous part of watershed was 99%, 80% and 77% for
2000-2001 as a dry year, 2001-2002 as a normal year and 2004-2005 as a wet year, respectively. Groundwater is
an important source of water supply in the Neishaboor plain. Therefore, estimation of this ratio is not as simple
as mountainous part of watershed due to uncertainties in the crop pattern data and their water requirements. It is
obvious that this ratio could be more than one in some years especially dry years.
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