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One of the most important solutions for the principled and correct
management of water and soil in basins is to use hydrological models for
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30 March 2024 transpiration, and infiltration, especially in basins without data or with
Accepted :19 April 2024 incomplete data. In this study, the water balance of Ojan Chai basin was
Available online : simulated by the SWAT semi-distributed and SMAR models for 20 years
21 March 2025 (2002-2021). The SUFI-2 algorithm was used in the SWAT model and the

genetic algorithm optimizer was used in the SMAR model for calibration
Keywords: (2005 to 2016) and validation (2017 to 2021).

The simulation results in the calibration phase with the objective functions
of the Nash-Sutcliffe efficiency (NSE), coefficient of determination (R?),
and RSR were equal to 0.80, 0.81, and 0.45, respectively, and for
validation, 0.74, 0.75, and 0.51, respectively, which indicates the high
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SUTCLIFFE efficiency of the model in simulating the water balance. For the SMAR
EFFICIENCY, method, the Nash-Sutcliffe coefficients (NSE) and R? were obtained as
COEEFICIENT OF 0.60 and 0.56 in calibration and 0.625 and 0.67 in validation.

DETERMINATION (R?), Both of these models perform better in simulating the baseflow and
OJAN CHAY BASIN average flow rates than the maximum flow rates; however, the matching
HYDROLOGICAL of the simulated flow rate with the observed flow rate in the SWAT model
MODELING is superior to that of the SMAR model, which is due to the consideration

of spatial changes in this type of model. Considering the very good
performance results of the models, it is suggested that they be used in
watershed protection measures and water and soil management.

*.Corresponding author :Dr.Mohammad Hossein Rezaei Moghaddam E-mail address: Rezmogh@tabrizu.ac.ir

How to cite this article: Rezaei Moghaddam, M. H., Karami, F., & Abazari, K. (2025). Evaluation of Semi-distributed
(SWAT) and Lumped (SMAR) Hydrological Models in Rainfall-runoff Estimation and Simulation, Case Study: Ojan
chay drainage basin. Jowrnal of Geography and Environmental Hazards, 14(1), pp.123-150,
DOT:https://doi.org/10.22067/geoeh.2024.85638.1436

m@ZOZS The author(s). This is an open access article distributed under Creative Commons

Attribution 4.0 International License (CC BY 4.0)


https://orcid.org/0000-0003-2626-4656
https://orcid.org/0000-0002-1602-570X
https://doi.org/10.22067/geoeh.2024.85638.1436
https://doi.org/10.22067/geoeh.2024.85638.1436

Extended Abstract

Introduction

One of the most fundamental natural processes of basins is the hydrological process.
Estimating and predicting hydrological balance components, including runoff,
evapotranspiration, and infiltration, are important in basins. Protecting water and soil
resources is an important strategy for managing basins. Hydrological models are one
strategy used to simulate rainfall-runoff processes. Rainfall-runoff models can interpolate
and extrapolate flow according to the input data to the model. Hydrological models can
be classified into lumped, semi-distributed, and distributed types because of differences
in basin simulation structure. Among the lumped models, we can mention the RRL
software model series, which includes AWBM, SIMHYD, TANK, SMAR, and
SACRAMENTO, and the SWAT model is the semi-distributed model with the highest
usage. The Ojan Chay basin, located in Bostanabad County (East Azerbaijan Province),
is one of the main sub-basins of the Aji Chay River. Due to its topographic features, semi-
arid climate, and soil type, it is one of the important pastures of the Sahand Mountains
and the location of various rainfed and irrigated crops. The purpose of this study is to
evaluate and simulate rainfall-runoff over 20 years by using the lumped SMAR model
and the semi-distributed SWAT model.

Material and Methods

The data required for this study includes topographic maps, soil maps, 30-meter DEM
images, and land use maps. Rainfall data was extracted from Bostanabad, Bashsiz-Ojan,
Saeedabad, Zarnak, Saray, Ghoshchi, Zinjanab, and Hashtrood weather stations.
Synoptic stations in Bostanabad, Ahar, Sarab, Sahand, Mianeh, and Maragheh were used
to extract minimum temperature, maximum temperature, wind speed, relative humidity,
and evapotranspiration. Calibration and validation of the models were achieved by using
discharge data from Bostanabad station during the period 2002-2021. SWAT and SMAR
models were utilized in this study. In the SWAT model, the basin was first divided into
sub-basins and hydrological response units (HRUSs) by using DEM image, land use, slope,
and soil maps, and data from weather stations in ArcMap environment. The SWAT-CUP
software was utilized to simulate rainfall-runoff by extracting the model output. The
SMAR model requires less input data than SWAT. In this model, monthly rainfall and
evapotranspiration data from synoptic stations, as well as monthly discharge data from
the Bostanabad hydrometric station, were entered. Genetic algorithm and related
parameters were used to simulate rainfall-runoff. To evaluate the efficiency and accuracy
of these models in the calibration and validation, the Nash-Sutcliffe efficiency (NSE),
coefficient of determination (R2), and ratio of standard deviation of observations to root
mean square error (RSR) were used.

Results and Discussion

Land use, slope, and soil were used to extract 13 sub-basins and 157 hydrological
response units in the SWAT model. The model output was entered into SWAT-CUP
software. The warm-up period was defined as the first 3 years of the statistical period
2002-2021. To determine the sensitivity of the parameters that affect runoff, the SUFI-2
algorithm was used. Sensitivity analysis was carried out for 26 parameters in the
statistical period from 2005 to 2016 through monthly discharge data of the Bostanabad
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hydrometric station. According to the results, out of the 26 selected parameters, only 12
parameters were sensitive and effective and were included in the model with the range of
their changes. The model was calibrated by using the new optimal values of the
parameters for the statistical period 2005 to 2016 at monthly time scale to obtain the best
values of the objective functions. By applying the optimized parameters in the calibration,
Nash-Sutcliffe efficiency (NSE), coefficient of determination (R2), and ratio of standard
deviation of observations to root mean square error (RSR) were obtained as 0.80, 0.81,
and 0.45, respectively. The results in the calibration were in a very good range. For the
validation, monthly discharge data during 2017 to 2021 were entered into the model. The
Nash-Sutcliffe efficiency (NSE), coefficient of determination (R2), and RSR were 0.74,
0.75, and 0.51, respectively, which indicate the ability of the SWAT hydrological model
to simulate the discharge of the Ojan Chay basin. In the SMAR model, monthly rainfall
and evapotranspiration data from synoptic stations and monthly discharge data from
Bostanabad hydrometric station were entered into the model according to the software
format. Genetic algorithm and parameters related to water balance and flow routing were
used to simulate rainfall-runoff. The model was calibrated in the statistical period 2005-
2016 and validated in the statistical period 2017-2021, and the Nash-Sutcliffe efficiency
(NSE) and coefficient of determination (R2) were considered to evaluate the performance
of the SMAR model. The Nash-Sutcliffe efficiency (NSE) and coefficient of
determination (R?2) in calibration (0.60 and 0.56) and validation (0.625 and 0.67) indicate
the acceptable performance of the SMAR model. Like the SWAT model, the SMAR
model has simulated the base and average discharge values well, but it has not simulated
the maximum discharges well.

Conclusion

In this study, the physical and semi-distributed SWAT model and the lumped SMAR
model were used to simulate the runoff of the Ojan Chay drainage basin over a 20-year
period. The performance of the hydrological models was evaluated by Nash-Sutcliffe
efficiency (NSE), coefficient of determination (R2), and ratio of standard deviation of
observations to root mean square error (RSR) during the calibration and validation
periods. The results showed that both models performed well in average and base
discharges. One of the weaknesses of both models was the inappropriate estimation of
peak discharges and extreme events. The lack of required data (rainfall, minimum and
maximum temperature, relative humidity, wind speed, etc.), the lack of proper data
recording by the relevant organization, the need for a large amount of data in SWAT, etc.
are all the reasons that reduce the accuracy of these models. Generally, it can be said that
although both models have good evaluation in runoff simulation during the calibration
and validation periods, the performance of the SWAT model shows its superiority over
the SMAR model, due to the high values of the Nash-Sutcliffe efficiency and R? in both
calibration and validation.

[125]



WFNe o FF Jlg o) ol IF al>

o5 Sl
» o

wols 4 yid
e O blie g L1 i

5)'}

> 5 ‘\9."‘7 b, b
e ACAGADY

Sl31 oy DOI: 10.22067/aeoeh.2024.85638.1436

ISSN (Print):2322-1682

ISSN (Online):2383-3076

;m.h" 9}3‘ Ao

2 SMAR) 42 LS5 9 SWAT) (o2 joi o (SS9 5glg 000 oo o Slos (2L 5]

S olegl 3 pTasem: 6550 axfllac cililyy— i )b (g lwdnnis 9 3591

" 653l patls ) T a5 Ly 3

Oyl ¢ 3235 ¢ 32 305 olLES1D (559099 590955 Sl
Oyl o3 30 i oKUG1S (55998 590955 slowl”

M pado LS s doso

Ol Rl 3205 32 a5 oKL ¢ 559999 y50955 (51,550 @laiio ais gol (yiilo”

LRV

alio wleMb|

sl sleasg 0 SB 5 Ol mame 5 Jyol Copse e laSal) 51 S
oS sl Sy 5l cloans ] s 10 Suislsyed clo e 5l ool
) 355 5 35,5 5 ot olily aloz ) ol (Db sloadlse iy 5 (o
ol 90 S e iy ylSel il el ells b bl aBl claases o Logas
LOVYY Yo dlo Yo oy50 (b o slrplrsl plads o (Db Giogs,
5 (65lwas SMAR 4> LSS Jaw s SWAT o jg5a0s Jow 5l eolazul
(S e, s3 slwaigs ISMAR - Jae j0 s SUFI-2 o )Xl I SWAT o
A 8,5 0,0y (VoY) BYVY) oLl 5 (VNP B Y+ 0) nly Cug
GelSilo i ulpe Sos wls b (oriuly al> e 5 SWAT g5l b
@ iy liel gl g /0 g /Y +/A+ L plp s 54 RSR 3 R? (NSE)
5 Jae @YU oS sasasylis a5 ael Caws 4y ¢ OY 5 VO < VFCS S
Gl el SMAR (g, g 5 sl plads> o oy g3loans
ol oty TPV - IPYD i Lzl yo g +/OF (- /F e mwisly ;o R% (NSE)
S & S lawgie 5wl Glaas ilwand )0 baghs, cnl 9
@ bodd laand (00 Gl Jlo nal b (Jy 9l (6550 90 Shes 6 ST
58,5 ks lade aS sl 6,5 SMAR & o SWAT Jow jo Sloaliw
@ o b mls 4 g LIl b Jae 5l egs cnl o S Slpesis
S g ol Coprn g basy bl Sbiladlys ol 5l oeh oo sleiing dedow

g oolau!

alio azsy )b
VEYAR il )l

VEYNNN 1o S5k b

AAEATATAR u")‘““ C—')L'

(uals wlols’
Slly; (s3bwanes
SWAT Jos

SMAR o

SUFI-2 o 5
Sl i oS
(R?) foss oo
Sl ozl upl ase>

So3deyee (g5leJae

E-mail: Rezmogh@tabrizu.ac.ir

‘m.\.ﬁ.n ‘SiLo) Oy A0 ).SJ Jﬁ“"“"‘ owy*


https://orcid.org/0000-0003-2626-4656
https://orcid.org/0000-0002-1602-570X
https://orcid.org/0000-0003-2626-4656
https://doi.org/10.22067/geoeh.2024.86195.1450
https://doi.org/10.22067/geoeh.2024.86195.1450

14% 0o g pude Lo,
e (%39 A0 (S 58l9 50 s oo & Sles (b3

doudio

Sl ppladss o b slanld iieelil s Giieee Sl R Sulslse slean
gz ol gl g gy L8 ojelhe Jae a4 g glulis (Mansouri & Pirmoradian, 2019)
3979 pae 45 ok 055 oo bl liae T slaJoniliy 51 e 5 yiten oolisiul 5 ooaails (slacs s el
Loog st (52,5 )18 )95 5l (loadgm (S5alsyo s i o jsiie 4y oot SLSLS
(rbeslaol @ i ar g psil 5 s pislecl il (Sl Cands (Sisan § Sas bl o
FA 63905 5 oglr e 5 Slodnd dlsiie 4 a5 wllige g ib g i hYS aen 5 asn
So5edg,0ue (Do slbadlge  coo w5 wess (Karami, Bayati khatibi & Ganbari, 2016) sy o
Shafiei & Gharari, ) ¢l ,15,95 5 (6oL Camal 5l 3 ol cldasg> 10 Sgii g 5,25 9 s «olily ) alos |
(2018
25 (Saaz lol 098 Bl 5l )5u8 5 pl sladdg> 5l g5l )0 09250 Ll 4 4z L
lap) ] S8 4y Bl a5 (alaig, 5l eslii] bag ] JolS” cilis (Sl pas 5 (Sl pop (slopimnmssS|
st JB Comal e pess (adl Lol hlo b Ll a8l slaass> jo 1, ( Sw)b 5l Jeol> SUlg, ol5ae
aox 5l Sy of plee 5l cbla> 4 (Fazeli Thani, Motamed Vaziri & Gaderi, 2016) cusl ls,95
Rezaei Mogadam, Hejazi & Behbody, ) cul 5 pl sledss> oo 5 Jgol Co g poe slo,Kal,
(2018
sl Slly =l slaan TS giluand o (Selglsyen gladas 5l eslil dalSal; ol 5l (S
S5 1y Joe 4 (9559 slaools b slita 1y gz (Shissy 5 hioossd ekl Slls bl sla s
ShaS casloas sloriny o plade> hsls e (swiobe 5 T slr ok sledse (Memgistu, 2009)
Setegn, Dargahi, Srinivasan & Melessse, ) aws Oglaie jlaw S8 ¢ Sloj wlhie g Slaal L
ez S elgil 4 5l ads (gl Jislo o Sglis elulyy (Sajels o sloas (2010
S 55 o )8l RRL 3ol (slaJuts (550 4 (5o 42 )ls sl oo abox 31 g so ol o035 3
5des sloJas 5l g <l SACRAMENTO 3 SMAR. TANK. SIMHYD. AWBM J.Ls
S5l sl os Gelulyy Sllsym o5k (giluand oo b alaly jo sl "SWAT Jow w005 5
Rostami Khalaj, ) ol Ses 5 gl oty ialaz 5l cenlaid 5 &0 oz 5 o)l pl s jo ool wladss
« SIMHYD (sl oo glawslio ow,p ,o (Moghadamnia, Salmani & Sepahvand, 2016
AWBM Jas o5 wiols 5Lis o055 3 fass> ,0 SMAR 5 TANK . AWBM SACRAMENTO

3,08 e 2 Slls,y i liel § (oriwly jo 1l 4y G

1 Soil and Water Assessment Tool



\F+¥ )LQ.} Al o)Lo.J’: IF u\.L‘> ‘M ._,I}b[’m 3 L'-")’-? m}m.’ \YA

Obwl Jods 50 Slly, (g3lwanis o (Rashidi, Araghinrjad & Ebrahimi, 2017) )|,Kes 5 (g0us,

3,Sles WAPABA Jae a5 wisw, as ol & SALAS g WAPABA sla Jowe 5l solatwl b (555 10
ol el )l asd lp LSS slaysy 38,5 Shaie o] ade oS el ails Gblg, 0,915 50 (s
Zarezade Mehrizi, Khoorani, ) ;)| e g 53, s 0303615 lawgs GlawlelS 5 plasg> Cblg, (6 5lwans
Jlael g ominly jo R% g adSilo i gl elwlp a5 ols olas (Bazrafshan & Bazrafshan, 2017
Shikh Gooderzi, ) ;Ko g (55,995 gends a0 &l 1) 93 (g3lwans atwils SWAT Jaw  xiw
WBM  la gy dslio b o bl ade> o0 (g5lwands ,o (Jabbarian Amiri & Azarnivend, 2018
LB aldasl 6,55las 5 lawgio o o0 ;0 Jow dw ,o 0 (gjlwad 45wk, Tank ¢ SIMHYD
&wads ;o (RBF gMLP) _cacasiis s AWBMSIMHYD (gls Jae o)1 aslie aslaisls Jsu8
«(Dastjerdi, Azarakhshi & Bashiri, 2019) l,IKen g (9 ,2xiws lawg jelind 4, )b abg> Uil
Solel calps (lly, iwlael 5 miwly ;0 SIMHYD g, w0 (lis a5 conl (5,500 anllas
slass> Sllyy (lime o5l sl 00,8 W1 (6 g (Uaz Dlapo (5aSls Ay 5 (e 0SSl 20)
SUFI-2 5,651 wls ojlas (Rezaei Mogadam et al., 2018) K 5 pade olo, laws gl pad
Roostael, Ayaseh ) o,Iee § sbiws, ool 5 Joo Cuxhad s fyosd 5 uiwly ;0 GLUE & s
o Mike 11 Jow b olsid a0y, oM ob,> gomg 5lwads ,o (& Rezaei Moghadam, 2020
SIokine 135 Bas 5 2 515 ol Sl Sy gt AL by IS b Gl o Wik i ol
509010 s 1 plase> o glyl ,o (Saraie, Talebi, Mazidi & Parvizi, 2020) |, Ses 5 ol 20,1
Y & Gloass s 5o O 585 Jloizly Sy, adgs a8 wisls (las SWAT g, 4 Sy, wdgs jas
Khavarian, ) o) g 5,55 .cas¥l (b ailsog, acil> Sefuw 3blin g a3 U lawgio 5,0 L)V

slase> 00 2SS it slogs Llw i3l 5 TEMEZ Jow 5l eslizul L (Aghaie & Raoof, 2020
4 ooy @l b g Slly, SRl 00jleS" 5 00,9305 @ilpe o L Slasl a5 wisls Glas (Bl ydeseS
Rezaei Moghadam, Mokhtari ) ol ,Sas 5 paie ols, .culs aaly> o0 1) Ollg, iali8l (s ol
calyo 55,5 L o b ailes gl yed plads> g, 5 Sy, (gjldneds o (& shafieimehr, 2021
St S los gy 4 Cund Slly, (gilwand ,o SUFI-2 o 681 a5 wisls oLlas R? g NSE (6Ll
ax S ol 4 AWBM oo b aeg)l axl o abg> ,o (Parvaz & Shahoei, 2022) galis 5 jlgp o)l
S 318 92y 2V Lkl ol (giluarcd 5 (Slaalie laosls (ro Sl 0590 (Sloj o3l ;5 &S Waew)
Rezvani, Ghorbani, ) ol )Kes ¢ Jlas, .l adhaie Clly, cwiiom ;0 Jow oo ool Slas
s SIMHYD. SMAR (sl Jos awlis L (Salarijazi, Rezaei Ghaleh & Yazarloo, 2023
Jow a5 wmsle pleds bl 2SJE ase> s olly, jleans 5 SACRAMENTO
1y Sl 51 5t 5ot (ot el 5 il 53 lSSlo i $VU e 5 L SACRAMENTO
sy r 3> SWAT Jaw 5l eslaul b (Arekhi, karkaz & Emadodin, 2023) )l Se g (3,1 sl sols 43l



o SRIF A (SS90 e 8 Shes (b5

PP IRt MO JESP IR L JCHJUOPEPL JCC PR DY N JCH JUUPE RN
G5 Ol Jles o (Linetal, 2015) o Ses 5 ol calonds M slasl > Lilaie o (5 25T
5 A bl Gl &8 Waw; 4zl ol 4z 0 ' Sihx e pplass o Gl n Sl
Kaffas, Hrissanthou ) I, 5 Bl .cusl ool Clls ) oylie iulidl el Ve o 7 B VA 51 slos K
Sl T g (SladsS adg> 10 50 (Sojglsd g e slaanls obj)l e (& Sevatas, 2018
s Jas 99 5 0s (3luaends Ul logas a5 wisls las SWAT 5 Lol Joo 6,65,5 b (s
Slslio Sbj,l e (Song, Shi, Yao & Zhang, 2019) o )Kas ¢ Sl 5)ls 1) pods Suo5 ¢ alie
L o9,y dw ,o a5 B, a5l (pl 4 o> ,0 TANK g SACRAMENTO SMAR sle Jos o ,Sdes
Ahmadi, Mogini, ) o, Kes 5 goes! ks Slls, gjluamd 15 a5 o, Shoe YU 5 L] cul,o 4l
awslio 3 b 5l ol o Oblg - 5L (g5lwans o (Ahmadi, Motamedvaziri & Zehtabiyan, 2019
5039 o3 (g lwands 10 b Jaw o ,Sles a5 Wsls Lis ANN 4 IHECRAS  SWAT sle Jow ikl
Lv, Zuo & Rodriguz, ) ;,Kes 5 ¢f .cowl atils 5% o,Slee IHECRAS & coes SWAT Jos
5 SWAT-MLP/WOA 3 SWAT-ANN sla Jow 5l eolatul b Gy, (o i 3 (55lwands 0 (2020
R%(adSsle i s bl sloasls Hlas ) SWAT-MLP/WOA Jus oS axdl o (o) ) sl glidl adg
Jisp o Sbly, byl e (Ferreiraet al., 2021) ), San g1y,,8 5l (5,50 o,5lee RE g RMSE .«
4 Cod (S35l )0 e 00T (e 5 S e sl 55t Ul SWAT Jue o5 wiols las
(GRAJ slaJue 5 ik by, calizee sla s, b (GUO et al., 2022) 4l ISon ¢ 55 .o ls HEC-HMS
oy, &S wols las s 0 Taegl> asy> ;0 SACRAMENTO 4 IHACRESMIK SHE
5 lae, Wl 1y by, gilwans 5l e b, SACRAMENTO 3 ANUSPLIN by,
s g &5l 3l SIMHYD o 5l eslical L (Ramezani, Helfer & Yu, 2023) o Sas
2 b Gl jlade 5 eSSl 5 calyd 5l Jols @l 5 0,5 g Wil jo 1) Qg 5 serldl
Reddy, ) ol,les g 88, dul Cavoas iducols, wab o lwans 5,:[.;\5) P SO U R SO
AWBM  loJoe 5,0 L e o Jllea ads>,; o (Saravanan & Abijith, 2023
s wols bl 1) s YO 0,90 sl Sbls, (s3lwacs FFBPNN _cac 4o s SACRAMENTO
A5 5l SACRAMENTO & i AWBM 4 FFBPNN o Sican oy 5 adSGlo i o po
2)l0 (295 0 Slae (i ltel (il
kol Goass 5l (Ko (Brolmlydl ghsh) sblpbuw (b ged 5 @ly sz olsl npl 405>
OlsS o0 soolST iz 5SS g5 5 Siidans 08l o IS 055 Slo Sy 4 a2 L &S ol lz 2]
oSS VY (65,15 5 adg> ol Cootl ) azgi LI el 2T g soud alidee Y game Jore 5 diges

1 Jinjiang
2 Nestos
3 Chaohe



VFF 5l ) o)leds AF wlo (Janmo Ol bl g Ll pao 4 06 'y

plil g Giole,d c pol )l )8 Dlpess b alayly jo ase> 1l 0590 40 (goumie Sldlas ol o Hliwg,
doss o Jow olduslio 3,5 g SMAR ax LS, Jaw 5 eolatwl o L8 Slalas b ingh cpl pled azg

ol Gl 2895000 50 ax LSS 5 oy
w09 9 lge

aslllan 3 )90 ddlaio

53,5 )1 g s (3,5 sloatels 15 5 5955 bl ailate 3 o slrolrsl il sass>
\AAA APV TSI PSR A0 G C S LT[ ESROV PR W P P PO PO 1
okt b 4 G 5l blam o plads a0 5l adge ol sl osd @y Jod (20 YA O
9 Sy e adg> ) 90 Jold g 358 0 (stiin (o Ol el 4 Jlod I g 09,0 Gl el 4 Cgix
owtw ,o ol gl ) S Tas el oo sla gl alsog, @ ol by ol (Ko jo a5 cwl gl
alog) Cumgy Sy ol glis)| JBlam g a8 )5 )18 520 YOF - el b glogy (im0 w32z 5 w52
bogio b e poshS VAV Colas 4 Slalllas j pladge () JS5) 0900 oo sl | 4 sz ol
St o goulBl a5 5l e Lo Voo YO w4Vl i,L e 5 oL, Sle az 0 VIO 5T a¥lus sles
bole 3 SES 5l 5 5 Slase 5 oS e bl |y (Sl i dds> Coiges,) slaols s .
.(Bayati Khatibi & Karami, 2019b) &g oo guurrs Jlo



1 0o g pude Lo,

- SIP Ae (950 0 s a5 Sles 2L 5,

Flalllae 3 s 5> Conndge
z z
8 Lg
] B 46°43'0"E 46°58'15"E
,"/ Leialy
g' | § [z|| @ sWiokmas
| // ::- — a3y,
/3 _
/ C:S o ) o
000" 0°00°E / S Sk
/ Value
46°150"E 47°30'0°E / g High : 3545
/ K Low: 1535
o °
0 4 > o z z
§ Sy ol ).1 / ?8 -3 .3
/ =) K
S o o ©
T e 5 5
o | PN e _p
§ A wat §
™ \\ ™
Sleaglsla %
W
- KM KM
0 30 60 120 180 240 0 5 10 20 30 40
46°150"E 47°30'0"E 46°430°E . m—
axdllao 090 ddlaio Curdgo—) JSCU
Fig.1. The study area
ool
Ve DEM ol (S acis Nide e Bl S g sbhacs Jols iogh oplye 5l 9,50 slaosls

Yo¥Y) Jlo Glp ¥Vl Glojlsale pglas 5l oolanwl b ool (60,8 acds .l ool 60,5 aiidi ¢ e
b cwslite o ags ENVI 13316 5 sy < /AD LIS po g oo Uiy (gundids yog, 4y (s0dheo
ezl adlate jo Koz )5 (g s Y Beb s gois aib (IS A 0 SWAT Juw 53 3550 (6999
o515 05 5 Slike ded 5 oST5ke @le 9dge Jalis 1) a0 y0) I eS ciliicins JKiz &jpa moil
Sy s )5 5l cope i ilad 5 0 1 abe> a0 FIAY g as 0 VF/OY AYNAL by
ezl ogx 4|y dsee coluw jlas,0 #F LCM <kl g ‘_,’.J 5 w0 celyy a8 6 ek ain <l
Sgin oo Jolin 1y obTiyliny yos g baliwg, Boes a5 0l SgSue 3blio 5 ol zolaw das o)l5 Koo 51 ailesls
sl gloolSis | 51 )b sloosls sl (gl 05 so Jolis ) b g ol 5l oo )0 ¥ gblio oyl g
ool o solatwl sgy i wolizy) (mbed (Gl (3,5 oblowaw (o lrglimil wbl b
ol (5 g e sbodls 5l Jae (oo jlitel 5 (oily Sz g 0D 48 16 g 3,55 9 S g (oo

O Jgoz)as solaiwl YoV V=Yoo ¥ Jlojojb yo ol by



VEoF )l o) o,leds NF il o aamme @l blo 5 Ll yir 4yt

Yy

SWAT Juw y0 3L 0,80 roslo - Jgus

Table 1-Data required in SWAT

0,99 S, Olxusgy osls
period Usage Explanations Data
;VV\Y:TTT?& USGS b o5l a3 Joo
P USGS Site DEM
SWAT 05,
FAO=.L. > ais
SWAT Input 0 N J.b .
FAO Site Soil Map
SWAT s ) -
5999 (¥ Jrustns .)|9.®Lo 2 5L_a)USGS :L,, ] ol i
2021 SWAT Input USGS Site (Sentinel 2 satellite | anduse Ma
images) u P
20022021 i\'\//l;rR 5 SVI\ZQ-IQLT%” olilgn losls oolil gbaosls
S &S nput National Meteorological Organization Climatic Dats
; ‘sgo ‘5Lho.>|.>
2002-2021 ~ SWAT & SMAR Input  Regional Water Company Of East

Azarbaijan

Discharge data

SWAT Jue

Sl Sesliie o Lzl ay ol oS njgians 5 (Suped gloe » Joo o SWAT (S5l 0 Jow

pplasg> ol Jowe cpl jo (Busicoetal., 2020) cul p plasg> wlide 18 (634,5 cosls b g,5LaS |

2l ) s S laatdi 4 4255 b e 9 ol DEM) (ol | sloads ool ploadg> 54
S de ol 005 o meeis (HRU) Hydrologic Response Unit G5elg a0 (iSTy slaasly 4

G:Ln.\.:s) 9 £S &° oolazw! ‘ida.u uus) Oy Lg‘)" \M‘u.); 9 OMC)LO‘ (T O)Lo...::: Lqu’gJ"’ﬁj
Neitsch, Arnold, Kiniry & ) cesl acule JB TaleSiSule g piio 0,053 sl by, abws oL ,>
Gy g g Sedce Al dllaz sbay oL 5 S 5 s SWAT Jue o (Williams, 2005
Sz 0pS Oyge Algiee Tl S le 5 sl (i Tatise ey slaghg, bawsi Sl

:SWO+Zit:1(Rday_qurf+Ea_VVseep_qu) SWt

1 Soil Conservation Service & Green-Ampt

2 Muskingum
3 Monteith

4 Hargreaves & Samani

M)
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Eq yndio 4 pll 55, 50 Sl as jlaie Qourp ciorkes 0 ol 59, 50 Gojb jlade Raay sy 4 oo
3y S Fpe 5l pll 59, a5 poskio 4 i jlaie Wegep cyie (oo @ pll 595 50 5,85 5 pusd jlade
(Neitsch etal., 2005) el fardes s o pll 5, 50 2850 O Jlaie Qg g 9 o0 gl e dlate

53 SUFI-2E o o301 51 solizad b SWAT  Jow coabad ane 5001 5 byl g5le aige
25,8 b o el e sl Caalsd pie asels o SUFI2 g, o b sl SWAT-CUP I3l
Wgabad poe arals () 4y 45 525 )18 0350700 (nl )0 Lo il )y 99 o (gras (minly IS0 5 o5 095 0
P- igd oo oSt o (5,505l e [0 Cuahad pae Jelge sles Sl aS Sl o sS co sy
3,910 534S (6,50 Jale ail o oo plomil Comlad pae o & 508 ioww (6l ool ,Lae TaCtOr
O drwgie ol bl d-factor L. .l d-factor wy, o ,ISG cunlad pae Jd= 5 ol & 508
Sloy Jloasl Loyl i el 00 (6 550310l polie Laecdl il 1 uandic oo ,d A0 cids o (ol 9 YU o>
Oygo i liel o iy 5l am aslb ooy yao 4 d-factor 3 G4« P-factor lade a5 ol
s G Sy 0 Joo Lansgi 00 (g3t gloools ()] ;0 45 Cenl zily 4d (miwlizel 0,8 e
$9) (T g o5 Cuol (al (einsly b ] gl gt 00,5 (oo dglie Condly L (mily 090 51 gl
5o okl (slp 1y oad (mivly Joo o pdyolatel (i jlel Culed 50 005 oed Djge Lol
(Karami, Bayati Khatibi & Ganbari, 2017) &S cs (s 00| Sloj sloojb g Jiiwe slaools
SMAR

Sl sl (Floalie (23 5 35 9 i ()b Flaalin glaosls jleslecul LT RRL I3l 5
SIMHYD AWBM Cllg,- 5,k Jow i sl lidley onl ool ond slmgl blyy il
5555 il jsliie 4 jadings 3,50V (15 o o 12l 2l SMAR 5 TANK SACRAMENTO
£375 b Sloingy SISy okas (5o paiges Tojlelaiz 52 5 e 5550 TS s o
Col Tgzgianz S8l 5 Moy wn, o 4 (LSS by, S g, ojle] S5 TS 5, alfain
ol 20 (b Glly, a5 wib oo ax LSS sespie Jao o SMAR  Jae (Rezvani et al., 2023)

rasSo 58 51 Joto (] 55 0 a5 1 plasgm mhans (o |, S gy 5l cadd g 5,05 9 peded ¢ (Sue) )

1 Sequential Uncertainty Fitting Version 2
2 Rainfall Runoff Library

3 Genetic Algorithm

4 Pattern Search Multi- Srart

5 Uniform Random Sampling

6 Rosenbrock Multi-Start Optimiser

7 Rosenbrock Single Start

8 Shffled Complex Evolution Method

9 Pattern Search
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L) ads> oasu il Joi oS (obs, adlse 5 35800 4385 Jlai )3 S (2hsb) 0235 Glie g 00
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.(Khalgj et al., 2016
solizul (RSR) slualice slaosls jlaecdloul 4y s Olygdoe Sl Cond 5 (R?) puticn po

Dgdb g0 (asein (V) 9oz Gk 5l @lss (pl 5 Jol> s og pdsoleiel g oS (5w 9 (Vgaz)al

SMAR 5 SWAT sl Jute;s i3 5o sluno —¥ Jgar
Table 2- Evaluation criteria in SWAT & SMAR models(Houshmand Kouchi et al., 2017)

sl Jgo®
Criteria Formula
muw . NSE=1- [—' 1 Qo Qire)
(Nash-Sutcliffe efficiency) i=1 (Qi/0—Q0)2 |
S e pd RZ = 2i(Qy, __Qo)(Qils — 65_)2
(Coefficient of determination) Yi(Qiro — Q)2 Y (Ql,s —Q,)?

Ratio of Standard deviation of observations to root mean )
(square error Iz 1(Qu° Qm)

Slanlie slrosls e Bl 4 s &lgiomn (eSiles o
. . 1 I(Qllﬂ QlIS)

Qs (Slaalin polie .Sl Qo o g3lodd polia Qg (Shwlin polie Qg 55 de slaalal) o
Qs 5 Shwlie slrosls o bl Glul Q@ clanlice slass N o gilwacds polie Sl
Sl g 3lwands lrosls o lailwll =l

RSR ,R? , NSE o asli wlinb g polic Y Jous

1 Horton
2 Hewlett & Hibbert
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Table 3-Values and classes of NSE, R2 & RSR indices
(Moriasi et al., 2007; Ayele, Teshale, Yu, Rutherfurd & Jeong , 2017)

rele ol olib
Index Values Classes
1-0.75 w9 ok
Very good
0.75-0.65 5
good
0.65-0.5 O )
NSE Satisfactory
NSE< 0.5 Lt
Inefficient
1-0.75 w9 ok
Very good
0.75-0.65 5
good
2 0.65-0.5 O T2
R Satisfactory
2 MT)lSU
0.5>R Inefficient
Very good
0.5-0.6 =
good
RSR 0.6-0.7 Ao ald,
Satisfactory
RSR> 0.7 2Lt
Inefficient

SWAT oo y3 lls (g5lwanmis

Grazly g basy> ) (S aid 5 ol ( 2l (605 aiis 2e ¥ DEM aas 5l solaul b lu]

F UV JSLN) ol gzl sl Arc-SWAT «g38l 5,0 5l Arc Map Lo ,s (HRU) G395 000 25T,

ol 5l plaS pa a8 al slml SGiglg aee STy aly 9,50 VOV g adg> 5 I ggeame jo (F oo

iyl oSl 550 A Gy 19 5,008y aline Sojslg a5 el do o ()5 55,k Sl laas

plo g Sl g JBlas gles polie ¢ atels YT SL sloools «Sipgiew olSug] 0,50 O

Olsie 4 CFSRY osls ol 51 o] Sy g 55 Sety i o] 5 33,5 Jow o)l sodBlisle el b
)5 Sl esgiae (sl 0ols (g3Luls 5 (eShe sbrosls wgi Cz a2 e slrolin

1 Climate Forecast System Reanalysis
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Fig.2.The landuse map of Ojan Chay
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Table 4-The Soil features of Ojan Chay (FAO)
Slxmd i s el S b & baxs | cadle
Explanations Slope Texture Soil Name symbol

O B Y o Blas oS oo JouwsSs,
s Sl ol mhaw )l e il Sl B lse Rolling

Rigosols that contain lime at to hilly Fi r:e Calcaric Regosols  Rc33-3bc-3254
least 20 to 50 cm from the
surface.
Sid b, w5, ) las b | ) _
sy iy e S S SeeR Fine Haplic Xerosols ~ Xh7-2-3ab-3297
Dry moisture regime Rolling to hilly
WO alol o Sol &8l S slls
b 5| (6 e sl S b Jlyen 5 _
It has a calcareous horizonata  Rolling to hilly Fine Calcic Xerosols Xk5-3ab-3304
distance of 125 centimeters
from the surface.
S sl | b gelans ; .
o) e Sl e , 7 Haplic Xerosols ~ Xh31-3a-3288
Dry moisture regime Level to undulating Fine
il V- alols 2 &5 oS> Lithosols , Eutric
gy § S SloSim by s B 0dd oy Sl Regosols , Haplic
g gn Sg00ne Foesss 22 Yermosols |-Re-Yh-c-3129

Soils that are bounded by hard, ~Steeply dissected to Coarse
continuous rocks within 10 mountanious
centimeters of the surface.
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Fig.4. The soil map of Ojan Chay
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Table 5- Sensitive parameters for using in calibration of SWAT model

Codg e STas ke JBlas laie o bass aili JERRARE
Optimal Max. Min. symbol Parameter name
ek lawgio bl pd (0 3985 ite o)les
0075 0.243 -0.053 r_CN2 Initial SCS curve bumber for moisture
Condition
JUS 51 ol el oot
v_ALPHA BF
0.605 0.719 0.155 - - Base flow alpha factor
o & SB Y 5T 5O Jasl b ol
-15.59 242.79 7229 V- GW.DELAY st
The delay time for ground water
525 Oz E5rb wliw] Bas
1.42 206 0686 v_GWQMN Thershold depth of water in the
Shallow
S ay o uypws JB ol eus b
-0.375 0.002 -0.392 r_SOL_AWC Available water capacity of the soil
layer
ladsg> 5 50 £l | (sl d bl &l i &5
97.59 107.17 77.46 r_PIAPS ORI 30 EBS S8 O S T
Precipitation lapse rate
55 ogd 6l o 5l
0.849 0.857 0.424 r-SMTMP St 050 sl ¥ sles Sl
Snow melt base temperature
ol JUIS slacid 1o se Silgyium culon
55 46 76.06 48.13 r_CH_K2 Effective hydraulic conductivity in
tributary channel alluvium
RESSS S REIRVE N
116.03 293.06 12456 r_REVAPMN Threshold depth of water in the
shallow aquifer for "revap" to occur
Ll s (oYU Y 5l e 4 bogs o o o
r GW_REVAP <
0.18 0.383 -0.005 - Groundwater REVAP coefficient
by Sllg, ol gy
17.64 17.67 2.99 r SURLAG T30 R e
Surface runoff lag time
loasgm 5 5o £l gl3l & Lod &l s &
27.40 28.58 -14.33 r_TLAPS LOTRS P ERS S NS S B T

Temperature lapse rate

sl (LB lade 1350l ol e o Vool s e +) 0 0o el )l Jlaae f

oy Vol oolaiwl SWAT  Juw 5 Shae obj,) 6l Boa ab aw « Jow (e liel 5 wly jo

Voo ol Hlake a5 ams o Lis 1) 0l (g 5lwancds § (sloamlice polie cws M (NSE) cadsSlo i
Silwdnds Jow ol i /0 Sude 5l ol lie ST g sl ) aigladie el yuiie Colgd o shie U
aoes oL Y b /YO o0 ST (Moriasi et al., 2007; Ayele etal., 2017) ¥ Jsao b cunl ails o9
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Table 6- Values of evaluation indices in runoff simulation in calibration & validaton of

SWAT
al> (N
> el e P-factor R-factor R? NSE RSR

Period Statistical period

i

8 ? 2005-2016 0.75 0.96 0.81 0.80 0.45
Calibration

o L]

0 201702021 0.68 0.89 0.75 0.74 0.51
Validation
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Fig.5. Chart of observational & simulated discharge of Ojan Chay in calibration(2005-2016)
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Table 7-Optimized default values of SMAR model

Aot 5o Ol i 00900 PR sl Flyly
Optimal value Range of changes Default value Parameter
0.816 0-1 0 (€ ol 2
Grandwater evaporation rate
0.090 0-1 0 (©) s A cbm re
Grandwater evaporation coefficient
H) s il ann
0.012 0-1 0 ()i U,
Porportion direct runoff
K o K " 29 — >
0.855 0-1 0 (KGJe3 o a2
Storage loss coefficient
U.H linear routing
Component N.k
T) o5 oo el
0.098 0-1 0 (1) e 2l
Evaporation conversion parameter
627 0.5000 0 (V)i e
Infiltration rate
) oy R
3706 0-5000 200 ()5 Susby 025 s

Soil Moisture total storage depth

SMAR Jaw (o2 jliiel g (omimly ol 50 Gllg) gilw dmds (b))l slop Ll polio —A Jguar
Table 8- Values of evaluation indices in runoff simulation in calibration & validaton of SMAR
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Fig.7.Chart of observational & simulated discharge of Ojan Chay in calibration of SMAR
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