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Extended abstract

Introduction

One of the methods for estimating the amount of runoff resulting from precipitation is the use of
hydrological models. The SWAT model is one of the widely used tools for simulating the quantity and
quality of water at the watershed level. This model is a conceptual model that is capable of simulating large
watersheds with different management scenarios. One of the major challenges of this model and many other
hydrological models is the calibration of effective and sensitive parameters for estimating the amount of
runoff. In general, calibration methods can be divided into two groups: manual and automatic. Manual
calibration of a model requires the modeler to have a good understanding of the model's physics. On the
other hand, due to the time-consuming nature, existing complexities and the development of new
optimization algorithms, nowadays automatic calibration has gained more attention. Automatic calibration
is based on three components: the objective function, the optimization algorithm, and the station
information. The use of a single objective function in model calibration may lead to an increase in error in
other aspects of the simulation. Scientific experience in single-objective calibration has shown that no
single objective function, even with high efficiency, can accurately represent all the characteristics and
properties of a watershed. Therefore, the use of an appropriate optimization algorithm to improve
calibration results includes the use of multiple objective functions to identify a set of efficient solutions.

Materials and methods

The study area is located in the western part of Iran, in Kermanshah Province, with an area of 5467 square
kilometers. The minimum and maximum elevations in the area are 1275 and 3360 meters, respectively. The
average precipitation in the watershed is about 505 mm, with the highest rainfall occurring in the months
of November and Decemeber, and the lowest rainfall in the months of Julay and August. The main rivers
in this watershed are Mark, Gharehsoo, and Razavar. In this study, the SWAT rainfall-runoff model was
calibrated using the NSGA-II algorithm under three calibration scenarios. For model calibration, the first
scenario used the NSE objective function, which focuses on maximum flows. In the second scenario, to
focus on minimum flows, the logarithmic transformation of the simulated and observed streamflow series
was used, and the NSE efficiency coefficient was adopted as the objective function, represented as LogNSE.
The third scenario was a combination of the first and second scenarios, where the non-concordant objective
functions NSE and LogNSE were used simultaneously.
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Results and discussion

The results of this study showed that based on the NSE evaluation index values (0.83, 0.74 and 0.83 for the
first to third scenarios) and the model overestimation and examination of the flow graph in the first scenario,
which showed a tendency towards higher flows, this scenario would be more efficient in estimating
maximum flows. Additionally, considering the LogNSE evaluation index (0.69, 0.74 and 0.72 for the first
to third scenarios), the second scenario with the LogNSE single objective performed better in minimum
flows. However, the model constructed using two non-concordant objective functions aimed to achieve a
balance and showed satisfactory performance in simultaneously estimating maximum and minimum flows.

Conclusion

In general, it can be concluded that if the objective of the study is to investigate maximum and minimum
flows, such as flood or drought studies, single-objective algorithms will perform better. However, if the
objective is to control the water balance and achieve satisfactory performance of a model in both maximum
and minimum flows, a two-objective scenario with a non-concordant approach can yield better results
compared to single-objective algorithms.

Keywords: Genetic algorithm, NSGA-II, Simulation of rainfall-runoff, Two-objective scenario, Validation

Cite this article: Banikhedmat, A., Salehi, H., Golian, S., Koohian Afzal, F., Ezzati Boorestan, N., 2024.
Evaluation of the impact of non-aligned objective functions in multi-objective calibration with SWAT
hydrological model, case study: Qarasu Watershed, Kermanshah. Watershed Engineering and Management
15(4), 639-654.

© 2024, The Author(s). Published by Soil Conservation and Watershed Management Research Institute
(SCWMRI). This is an open-access article distributed under the terms of the Creative Commons Attribution

License (http://creativecommons.org/licenses/by/4.0)




€

Watershed Engineering and Management el Co pde g cwdige
Volume 15, Issue 4, 2024, Pages 639-654 FOF-PYA Slxio N FV F o)le VO ol

DOI:10.22092/IJWMSE.2023.360792.2003

390 Juo dduduisy (uiwwly 5O gamed il Bud milgd il b3,
oLiilo )5 g0 8 Jususl 039> 163 90 anlllao SWAT

f b y9t (3 i g T Sl (ol gS 2L T LS s T (o (> oS (g S
258l aio RS ) es (uigee 0aSils ol lie S e 5 (g 09)T ool e Cu e 5 (pdige 1575 smils !
Ol S bl LS 5 O 5 18 (slag b (3 jasliy (o)l 5 ol
39,8l iaio olSails (e pige 00Sails (T e o e g g 09,5 ol qulie Sy pae 5 (cwiie iyl Gulis 5T
ol
ol i 0uSLils )l Bizme g ol 9,8l iato olKiils ()] jer  cwdige 005l (o tolie Cu e g owdige 09,5 ¢jLeiilo”
add pl g olKiils
Ol 0l el Dliios dmge ol wlie 5 53ols 0 555
Ol osheed] Bamo olSails (ol yae usdigs 00SLINS (SUSTSS puokio o5 S (Syzmails”

VENNYN o pdy )b VEVANY il o )b
bw o-\..g.ﬁ'g
doddlo

S SWAT oo ool ol ien o Jan 51 oslisal bl 51 Jolo by, Jae o5l cslodl, 51 (52
a5 Gl ogtie Jao S e opl el Ol il g oS (gilwdnd 10 vl 0je mhaw 10 0,5 5 slall
9,850 Jdo pie sl ille des 5l aiS giluad 1) Galize SR e g b U S5 slhasy> cul 08
S by (S ssbar ol SUly, Jlae 355150 50 e 5 g0 slo el )y (einly ((Sesls e oo 5l (sl
a5 Sl pl diails (s Ojgody o S (miwly 0,5 e JS055 g Siwd 09,5 90 4 el o |, mily
995290 Sl Sazmn 5 09 S8y Lo ((ggw labl alils Jow Sud 4 Cod 09 bl Gle o
ly Ceal 48,518 azgi 3 )50 iy 093 (miuly 059 el siluainge wdz Slan ol Anwgs (imen
SBad b Sl eolaiwl .l oads Lo ooy ! Sledbl ¢ (6 jludingy pin,sSl c o al ddlge 4w 4y S0
Sy 20 (pizmen § 398 (gilwand sleais il o Sy ol o538l G g el Ses Joe SO (uinly yo
S 9 Nlg seod oles 4 YU SLIT L aiz e SBas ml me o5 Cnl ooy lid adaacSs auily a0 el
ey gl Sgn Hakiiedy cuwlin (g 5lwaings Jool ) (655,54 di oo lis s o 4|y dbg> Claogas g o
R M])U GLQ‘."P AL gm0 L;L\»L.M 6‘):‘ RERV eU i L; WLJ.A Lg)LuJMe‘J p...:)9i” ;i’:‘ )| oolazul J&L.q

L igy 99190
9 4~..<5 ol 00 (':9|3 U el J..A5J.5 OYPY coliwe L\ aeLM..:Lo; UL.M:‘ )o 9 U‘)‘i‘ u).c )\) aJlao 0)9.41 )..\DUT 0)9}
U"’)L’ o ,M' Ny w‘ c..)y ).uoém [AREN 03» sMP ‘;J.))LJ Ja.u}a..o wl )».A \AF 9 \YYO ‘QT EL‘U)‘ Al
35903l 9 g B oS e (Lol ilsog, w5 wms o &) 31050 g 5 sloele ;0 ik o yeS 5 53T 5 LT slaele 4
9 )L dw o NSGA-IT o265 51 oolaswl b SWAT Cllg - j5,L Jow e igh ol jo ad)le ol o adg> oyl

banikhedmat.ashkan@gmail.com L5l Jgtue ®



VECY LF oles V0 al> el o e g swigee | SFY

ooliiwl w)ls ax i aicion slagl > 4 aS NSE Gus a0l 51 e sl (59 )L ;0 (o ol (ominly (gl ol mily
ol (§3lwannd Sllyy Gl 5 99 (o) oo 3l G aieeS Slagslz 2 55 505 Sl epgs g )biw 5o 0t
Sooyliow 058 o0 0300 inles LOgNSE & jgody a5 ol 3l Bas ali )lgieay NSE 1S o o ¢ Slaalis 4
3550 Ologas 504 LOGNSE g NSE (ggunam yoé S milsi a5 (5 jsbas 951 099 5 Jsl (550l 99 51 (il 5]

IRCCEIC g PR oW

oyl gl /AT 5 «IVE (/AT b ol NSE bl jasles polio a5 args L a5 ols (Lis gl ol ol
Slaed o @ &5 > (sl i Bt g sl ssnliw )0 Olz Jloged sy s Je 30510 G s poe B sl
LogNSE oL, jasls 4 ax i b copiomad 090 dole> Suel IS caiin slapl > 05500 sl g )lw ol YL
ipaS sl ;5 LOGNSE Gus oS5 L pgd csoylios copms b ol cslog,lis sl +/YY 5 </VE /59 0l
O, Sles g ol alils (3lgs ol (orw cganad o Bud a5 90 5l oolainl b oo aisls Jow Lol ol (6 e o ,Sas

2,00 iS5 anion Slacllyy plojes (e )3 (osllas

L O Olalllas Jy cdieS g diion b 0 gy p addllae Bun a5 S0 10 (S i e LS jsbay
3 u#'l O JaS Ban b a5 S50 0 il aslgs g goslhe o Sles adue SO glapi ol il JlSes
0,505, b a8 50 (s41,lew 0gd bl (gillduae S 5 At o 00 Gow 90 50 Jde S gllae o ,Sles

ALl Al adoe SO glapiy Xl 4y Cos (6 i 4ol Wilg o guno s

NSGA-II  zewwcons «olily =5 ,b (g5lwdad adan 95 (g1 bew «Sdh piu ;930 1 guudS” sdejlg

Ahmadi et al., ) & )ls cille alols 8, L g0l
& b 5 o slaglyz silotend 2022
polis g (miwly (Ban wlgs Ol [3U cow Sl
«Rajib et al., 2019) ol ool aigy bb,sis
.(Mengistu et al., 2019

90 4 ol |y (mly slaghy) (b5 ke
S (ly 355 peedS 095 g (Slwd 098
B azgi 3,50 V7 sl 5l (Suglg e slaos
Gl il (s Djgoay S S (nly 285
Jo S5 &3 o 295 Ui Lo Jon o
ST 3 009 55 8y o g 5Bl axsls
w0 Slapt sl dnwgs (izen g 9290 sl
4295 O)90 yiian 5093 (rinly 0390l (s luainge
&b adlge dw il 95 (aly Sl a3 )5 15
Ly boolin] Sledbl 5 (giloange piapssl Soa
«Arnold and Eckhardt, 2001) <ol ool
.(Yapo et al., 1998 Sorooshian et al., 1983

doddo

b 50 0,5 slaylil 5l (S SWAT Jow
sl T e 5 S (gl o el 039>
Asg> Cuwl OB a5 Conl cogpie Joo S o Joe (pl
At |y e (b pae glagy e b S5 sl
(Gupta et al., 1999 Zhang et al., 2008) &S ;L

S5 o e Sl 5 cadoly Joo
s, b o poul gleeje> o eolatwl (gl a5
Wb &8ss gl el e Llul wsloas
Sl B b s> L3, L Jae )13, cdillas jelaied,
<Abbaspour et al., 2007) wigd mlais  iwly
.(Jajarmizadeh et al., 2017

2 83972 3 e Sl P8 S0 o el il (mil
S Sabad pae 5l GBy0 008 o0 (B (5ludae
Sapd y0 39z 9e il g Jae 2 (6099 slaosly
odds  prwly gy 4 Juw S ilisw sl o
1 545 055 o w55 S L (slo s 5



FEY

dasaiz  sriwly 0 guad pé Bos miley ;30 b))

Silodiner Slapin, sl oy 5l (K
4 45 el NSGAMT o2y o5 o S aduniz
o ,93d) St 9 ol &3l Deb et al., (2002) alws
Yok loy clwlne (Souzmn Jod 5l (A3 sl
052550 ) 05 o 1y 0 1, 5 Sl
2 S Jes o el S gl Sas )
“5b e SO olml @l p (o Jud oy oK
2 Siledingy Gy (rl 5l S (o eslial A
oud ooliiul (Sglite (Sujslsaen slaae (einly
45 (Golian et al., 2021 <Salehi et al., 2022) <ol
255 , Remegio et al., (2007) dLiwly o) jo
sl ol 31 NSGAAT 62,58 05" 351 sl
PSWAT (Sijslsyien Jae slosiolly (silonings
olass Egemme ;0 (g (! o oyl .ais S colasul
date iy Al po )0 lajen jsbay el VYA
Sy o3k o slp oS g ool s oS 3le
5 olis Wl alosl YLg VIS sl 05> 0 dlu 4w
30 o0l cpl o IAP ply NSE (o po b g o
ol b yial )l (o 5lwaige
Bekele and Nicklow (2007) « 50  oi®gh 0
sly gl NSGA-IT iy ,551 g SWAT  Juws 3l
Gl 99 olal 5 91,8 Ko ass> 10 g,
(s nl gl i ,S colaiwl wal a8 5 L o
semly 5l oolainl yo Jaw o, Slas Sgup 31 LS
s Ercan and Godall (2017) .cusls adasace
Py e )3 pgos (sl oolinul LB 5Lme aslls
ol oy GLISWAT Jaw orwls sl sl 158
L ddan Wiz 3 SO glacdls o |zl cold byl
slp ol el Lls 1y NSGA-IT o,651 5l soliu!
Jin il 53 51 3 AAS ) 5, Shae ol
SLdg)5 (i 50 &8ly s5a5ul 059> (59, 2 SWAT
5o gl ais S solaiwl IS ol sasie Ul Jles
Sao &l 5o 5l eolaiul L ) ol aw o gy
w5 a8 wols 13 byl 5,5 'PBIAS " 'NSE

7 Calapooia

8 Big Creek

® Open source

10 Nash Sutcliffe Efficiency
! Percent Bias

o adee cpaim (Seiddsae sladoe
O Vb cdo b g anld a8 oS o (gjlwdns
SeS o 29,5 onl pled (Feys 5l pliebsl (2ol
Abbaspour et al., :Abbaspour et al., 2004) oS oo
.(Abbaspur et al., 2015 Kang et al., 2015 2006
OSoe Jde S (s )3 Bus b S 5l eslin
sladuz 5l 508 (Fp o s Rl coge cul
(Abbaspour et al., 2006) s4. (g jlwdcis

Ol Baa S (inly dine) )3 (ole slady 25
YL Lz e Bus ol me a5 colools
@) ads> Sliogas 5 o Shy Slgoe ks
Vrugt et al., <Yapo et al., 1996) aas \lii s,
ey el (gileaingy Jool) (625,54, (2003
wiepp Sy 5l solial Jols ils @l 5t
ol 6l Ban &b paiz b caslio (g 5loaigs
Gupta Deb., 2011) el 3l IS slaclg> acgoze
Jae Gupta (1998) L e (et al, 2015
ypots A V8 L1, ISACSMA (Sujsls e
2 opdle ddaadiz (il a5 35 (riuly adaaaix
Cudgase 390 50 (6 SleMbl (o5 028
wes oo Sl SH5eds 0 sl Jus slo

Sl S (GA) Sy pysd
wnte SLolsr & plitws GGl oS coul (g luaige
) S b g dingy s e b g s flewe o
J> lr 555 dgol 5l oSy o, sl ol
& ety )5l pl 5l oS o oolaiwl Jolue aigs
slodse glzl o e slayll syl
Chen et al,) o,5 oolatwl lgy co (5809 000
.(Ambrosio et al., 20132014

=5 ((MOGA) (S35 abaaoizr (slapy 5!
St Slp &5 wies gileane slapt sl )
sl g Adasaiz (giladinge Shy; (ly Ll o
Bekele and ) wiuS oo oS 5 5000 L 1) S
.(Fonesca and Fleming., 1993 {Nicklow., 2007

!'Sacramento Soil Moisture

2 Genetic Algorithm

3 Multi Objective Genetic Algorithm

4 Non-Dominated Sorting Genetic Algorithm
3> Non elitist

¢ Soil and Water Assessment Tool



VE-Y OF o )les 0 ol

Gharasoo_Basin H
H

solius! 9 erj Al ‘).ou" 059> Coxdgo -\ JS.C:J
Sreg e g (ooliblge

Fig. 1. Location of study area, main channel, synoptic and
hydrometry stations

SWAT Juw 5l eiogsy cnl 5o iy plxil (g
woy>  Soidloee Obyr ileand jshied
3590 Sledbl oyl ¢ jglaie oy .ol oolaiw!  Slllas
oo o aslllae 5y50 adg> iluancd lp 5L
S ads (o) 6 add «Jud 5| SWAT
colitln bl o olis)] esd, Joe 4k
Joe oMbl al spslanz 5l o 3 sslee
2wy (Siglo s L8, (ilwand ;5 SWAT
Loz 05,5 L 0 1) 1AAB-T- - o le b
Gl sl Warmup Jae (05 05 jslaieds Jlo
ey SSB gty (e sl Ll b Joo
28,5 1,8 oolatwl 8,90 4l
2 s o eolitul 590 sla eyl (3ludinge
iyl 5l aw je y0 oS Cdpdy Ojse gl 4w
L byl mbs 5 ol eolatw! NSGA-II (gjloaigs
Bas b 3l sl gerliw jo s alie K080
A oolatwl oo a5 aiin slagl > 4 a5 NSE
o eSSl 38 05 sl ped Sl 5o
Sibwaeed Slly, bz G 59 o)W R
&b glesay NSE oIS oo o Slaslin g oo
o ool (iulai LOgNSE & jgod a5 0l 355! Bun
ps° 5 Jsl szl 99 51 (mdly 3T gl 55
& y504; LOgNSE g NSE Gas ol a5 (5 5boay g
3 mly sl aind S 18 eolanl )50 lojen

Sibwdd 53 (LelSS oo 092 o Shas I (Las
asls by
oxdpll slacsildae jii o aSiplaaz gl
S & yg0a SWAT-CUP l38ls 5 5| SWAT Jaw b
Ol 5o el oals solainl Jow ol oouiwly (sl adan
Wdapaiz Oygody NSGA-IL o063 51« imgh
Sllgy wainlyd cpl jo o eolawl Jow oouiwly Co>
0,99 ;0 oliile,S swo,d adg> 25,5 Syl o
LS’LM““B S)y90 y)la.w dw o NAAD-Y v e ‘5>Lo)
Ban a5l eolaiwl Jolss Jsl (ggs lew a5 8,5 1,3
p5d Sl aininn gol,z 2 5,5 L NSE
b,z 35 5 L'LogNSE Gus &b 5l ool
é;L) 9o B )| uLo).o.Q oolazwl P 6%)1....» 9 m
e o lS (ales 50 09 293 5 ol slagy lw Sua
B Mb RV 99 oolaul ).:‘ X 6‘).’ y)L».w
Sy ol 90 50 SWAT (S5elg 008 Jao (einly

) 9 olgo
s, ).ouT 059> taxdllan 090 Abge Wlasice
S i gt Sl ol S il
sl 00y wdls arye yioskS OFFY Colus b oyl
aS 03y Yo gk 000 dgu adg> Sl lawgie
Ok cnyeS g 53T g bl (slaole yo (5L o s
A3 o 7, 000 e g i slaole yo

ol 00 sl g gwed (S ye Lol wilssg,; an
@l ade (nl Caxdee ) S0l by ads>
A.iw 9 6).“5).).& ss.oLM.ulst Lgtbcliwl o‘).o.b
o] iy 5 g (pl yd w3 oo L slaal
5 etale ol 355 el soltile ) il
(uslyy g oliile,S) mmmles olKiws! 50 « (oLl 48
0357 Z9> 5> Olimtlysh (5 ey e oSl
A oolaiwl ol

! Log of Nash Sutcliffe Efficiency



Y01

FERENEES s’-"‘""‘ﬁ 30 ganed f Bud @|53' 56 sgli})

Sl glie Co pae &8 08 Goyb jHd) JS) o)l 18
b s ol pl

4 5L SWAT Jaws ¢ gwlislsa Sledbl 5 ogdle
TDEM b 5l ase> 4 bgye sy Sledbl
DEM &Y ¢ shaie fpayo,le 58 S5 Lol 6,0,
aSe) asg> SleMbl wdgs sl e A 2o L
Alsi 2l 5 Al oy g adg> 5 canl ]
R s 0,8 b Cewad (glojlgale glas lends
15 95250 1980 Jlo 4y gy e ik 1) o caalis
LFAOD Jlor S 425 5 (salsS sle ol
o5, Joe F USE ol eslicl S gy A
$39)5 Ol oS (2l (65 5 S At ol
ol 00 &3] 8,3 18 solaiwl 5,90 SWAT o
adassiz SB5 slaps ,sXI| INSGA-IT v 5651
Deb et ) aluusgas Y+ Y Jlo 5o NSGA-IT o2y 5
gy el 0 @) ol Fass ol asly pal., (2002
2 Jes w9 slasl IS 4 e (a2l Sass
sl Shoe Jloel Gloj 53 oz Jod 0y plin )
@508 55 g e oMo 45 39 g0 S o 555l
S (oo fiag b ) g al i Ol @

Loy ISas Jol cole, bopm,ssl ol
S5 A5, i e s (50 s
5 oz o Sles Jloel b i) 8 5 Wiy slacires
L bolsr on e el 00,5 bl (cS ) (5]
Sl 9,509, 5l piyssl Gl S e Sl
a5 05 o oslitl la ol (30,5 oz (sl LI
4295 b Sl 90l (o9 a5 Ll porie p (e
Silwdin 9 95,k 4rle pogie w0l pll iy )l 4
Ol V) alaly bl 2 (giloaneeS alles Gl
Bekele and Srinivias and Deb., 2001) s o0
.(Nicklow., 2007

Minimize f(x)= (f1(x), 2(), ..., fn(x)) M)

Subject to g(x)= (g1(x), g2(x), ..., gn(x))< 0

g o 0 X lo b5, Al ) (Gl as

Sy go 18,8 Jlas o sl lacusgasa Ll 0 g(x)
Slewl by @ 0sh g0 85 D 9 a oo

ifVE{1,2,...,n} : fi(a) <fi(b) and )

2 Hydrologic Response Units (HRUs)
3 Digital Elevation Model

a5 plnl gl (omsh 4l dame ;o g )
(Ercan and Goodall, 2017)
Gl (o Al b Jaw S Jow (ol SWAT Jow
NS0l e bl (65,588 lad )l algay o5
Glog b Sasaly Ol i s
s Slaglyz 5 oo ol CoiS (S
Brighneti et al., ) cosl oo 0ols daxwgs (55,55
Francesconi et al., 2016 Tan et al., 2020 2019
.(Gassman Barezaei and Jalali., 2023

e & Sl (g8 des Je Ko e
@ Uy, slazg > olol p 1) adg> il ¢ jslase
S (50 el 4097 5 Ol 5SS sl
S Es5 Glime 4 Al 5 Ad9>n) B e
Pl @ FSzsS slocwnd & wad 5 2 G
Jalali ) 95 oo e ' S25809 900 Gy sl
(et al., 2021

oU s o)k ol Joe (Lol slasdg g
(2l Gl (e usb) ol G g il 9>
20 Jse ol sle g cwl gl 5 S
SLHRU Gl mbs (559 5Sls (wlol 2 cads> 5
5w cpl 5o ol o T e Canvsds asg> 5 )]
g g0 e (V) alal,
SW=SW,+ St Riy0, Eu Woeoy Q) (V)

S mm) S o ol ol jlaie SWE ] o a5
obey T (mm) S s Ol adyl Jlaie SWo o 34,
Slade Qsurf (mm) (S6,b ol Rday gy o> 5
9 S ,lade Ea (mm) ol 59, 50 (e Sllg,
Sl 5e, 50 aS ol Hlade Wseep i 39, 10 3,25
Ol Hlade Ogw 5 (M) 595 0 )l 4l ddlais
Amold ‘Arnold etal., 1998) coul oli 59, ;o 45 5
.(Arnold et al., 2012 «and Allen., 1996
lod ¢ yo,b ailyg, slaosls toud solw! glasals
o] 98 5 (i)l ol sl diaS g iy
Slesles 51 Yoo B YAAL Jlo 5l S
o) 20 &ljg, slosls .ol 4y oyl ) swlidlen
Slallas dgaze (29,5 50 a5 il o8 (i

! United States Department of Agriculture
(USDA)



VE-Y OF o )les V0 ol

el S pde g owdige | FEF

aS dgd oo Jos (5 b Asgerme SO 3l Lacl B> o
575 Py plhite ysbay ol o ) asgeme o] o
(s ol o (Deb et al, 2002) sl axsls
Slly, mls jsbiea (Joo peles sla il
Arnold et al., ) calisee SYlie anlllas b jsul 09>
5 (0 Jsaz) b glseal (Jang, 2018 2012

285 18 ol 550 Bas sla ol )by leieay

700000 £80000
1 L 1

560000
1 1

640000
L 1

i €{1,2,...n} : fi(a) <fi(b).

T VIRV TN EDRR VS S W IPPCTRVN 3| IOV I
i, S Dl 4 DblE ple 4 o dbais
) <SG as, a5 (bl wales jo 9 wbee olais
oains JSii Olgm dcgeze lgieds il alils
@l sl Sl s oS sg wialss 5L )
aS S opl 4 0gd e oolainl g4 Lad> 0S5

a0 ez0000 40000 680000 80000 Fosone T20000

a. Gharasoo_Soil

1240000

b. Gharasoo_Landusc ;%g -

N 1

¢. Gharasoo_DEM %[

3870000

3840000

3810000

3780000

Tegend
3| Legend Gharasoo_DEM
| ES) Value
. o vah 33032 |
- CRC— w— Kilometers g | - S ——— Ot
3.565 a3 L
0510 20 20 40 5 S ——Clometsrs - £ WIS 510 20 0 40
8
2 T T T T T T T T T T T T T T T T g ¥ : g

Sllas abg> (€) £l )| cag8) Jow 5 0) Lol)) 5,5 (@) S sbhaiks pgar ¥ S
Fig. 2. Map of Soil (a), Land use (b) and DEM (c) in study area

Sl (eiwly sl ol sla el )b =Y Jguar

Table 1. Selected parameters after sensetivity analysis

Parameter Initial range
r_ CN2.mgt -0.25-0.25
v__ ALPHA BF.gw 0-1
v EPCO.hru 04-1
v__ESCO.hru 04-1
v__ GW_DELAY.gw 0-100
v__ GW_REVAP.gw 0.02-0.2
v_ GWQMN.gw 0 - 1000
v__ SFTMP.bsn -5-5
r_ SLSUBBSN.hru -0.25-0.25
v__ SMFMN.bsn 0-10
v__ SMFMX.bsn 0-10
v__SMTMP.bsn -5-5
r_ SOL_AWC().sol -04-04
r__SOL_K().sol -0.9-2
v__ SURLAG.bsn 1-10
v__TLAPS.sub -10- 50
r_SOL_Z().sol -0.25-0.25
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Table 2. Results of calibration with three scenarios in daily time scale

First scenario Second scenario Third scenario
Validation (1989-1997)
R? 0.85 0.76 0.84
NSE 0.83 0.74 0.83
LogNSE 0.69 0.74 0.72
PBIAS 0.06 -0.17 -0.04
Calibration (1998-2000)
R? 0.89 0.79 0.86
NSE 0.88 0.78 0.86
LogNSE 0.71 0.73 0.72
PBIAS -0.06 -0.17 -0.1
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Fig. 3. Daily simulated runoff under three scenarios (calibration period: 1997-1989 and validation period: 1998-2000)
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Table 3. Results of calibration with three scenario in monthly time scale

Calibration 1989-1997

Observations First scenario Second scenario Third scenario
Mean (m’s™") 22.73 22.60 18.93 20.60
R? 0.86 0.83 0.87
NSE 0.84 0.82 0.87
LogNSE 0.73 0.80 0.75

Validation 1997-2000

Mean (m’s™) 14.52 13.62 12.00 12.04
R? 0.95 0.96 0.95
NSE 0.94 0.96 0.93
LogNSE 0.79 091 0.75
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Fig. 5. Monthly simulated runoff under three scenarios (Calibration period: 1997-1989 and validation period: 1998-2000)
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