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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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The simulation results in the calibration phase with the objective
RUNOFF functions of the Nash-Sutcliffe efficiency (NSE), coefficient of
SIMULATION, determination (R2), and RSR were equal to 0.80, 0.81, and 0.45,
SWAT MODEL, respectively, and for validation, 0.74, 0.75, and 0.51, respectively, which
SMAR MODEL, indicates the high efficiency of the model in simulating the water
SUFI-2 balance. For the SMAR method, the Nash-Sutcliffe coefficients (NSE)

and R2 were obtained as 0.60 and 0.56 in calibration and 0.625 and 0.67
ALGORITHM, in validation.
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DETERMINATION model is superior to that of the SMAR model, which is due to the
) consideration of spatial changes in this type of model. Considering the
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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 (HRUS) 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 (R?), 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
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statistical period from 2005 to 2016 through monthly discharge data of the Bostanabad
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 (R?), 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 (R?), 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
(R?) were considered to evaluate the performance of the SMAR model. The Nash-
Sutcliffe efficiency (NSE) and coefficient of determination (R?) 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 R2 in both calibration and validation.
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Table 1-Data required in SWAT

0,99 o, Olxusgi oalo
period Usage Explanations Data
SS\\//VVAA':—ﬁ:Sjt USGS culu =i )l sosdy Joro
P USGS Site DEM
SWAT 04,9
FAOc.L. S s
SWAT Input 0 . Jl.’ -
FAO Site Soil Map
SWAT $°9,9 (Y ‘;:'M" o)|5.bLa f}L@)USGS C,‘.:L.u N s e
. . i 2l @)l ek
2021 SWAT Input USGS Site (Sentinel 2 satellite

Landuse Map

images)
2002-2021 sf,cﬂﬁngi iml“f*” sl olesls ol glaosls
UL National Meteorological Organization  Climatic Dats
SMAR ; SWAT s, ledlane ol ol
. &2 gwodld
2002-2021 ~ SWAT & SMAR Input  Regional Water Company Of East

Azarbaijan

Discharge data
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Slonlda 3 Ll 4 58 & aigitns 5 Sasd slis 5 Jao S SWAT (Susely,ame Jas
ol e (Busico et al., 2020)cusl  plass> wlis ,5 534,9 soools b 5,5LS 51 Jol>  oloowis

4 a9 b e 3 poeell (DEM) o)) loatds Gullyy (ploadg> i 4 suplads lal Jos
(HRU) Hydrologic Response UnitcG3elg o STy slaasly 4 ol)lsm)ls ¢ S slhacas
b Slly; meds ln iS5 onipdlal (it ojlad slastg, Sl Jae (nl 00,5 or s
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ysbas olS g S 5l s SWAT Jow o (Neitsch, Arnold, Kiniry & Williams, 2005)c..!
59255 5 5ok (i < Etigam oty sla gy gt iy (3,55 5 e 39 0n deslons il
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Oy SB &y 3l pll 59, a5 yiedo 4 cuti oo Wegep «yie (oo pll 95 50 §ym5 g puses e
Neitsch et al., )ocol jades o o pll 5, j0 2850 O Jlade Qgy g o9d 0 gl e ddlate
(2005

53 SUFI-2? o8l 5l solitul b SWAT  Jow cuslad poe 50T 5 oyl (5le aigs
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pas aials o] 4 a5 WS 18 eogame pl 0 el 0gd o crw miwly sKin jo AT 04l o
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1 Soil Conservation Service & Green-Ampt
2 Muskingum

3 Monteith

4 Hargreaves & Samani

5 Sequential Uncertainty Fitting Version 2
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SMAR

Siloanes Gl Glanlin o5 5 35 5 e (b (haalis gloosls jleslizul L' RRL l38le 5
SIMHYD AWBM  Cllyr il oo i sl il onl ccosl o bl Slls sl
ey slie & ludings 390 ¥ sls baJae (<ol SMAR 5 TANK SACRAMENTO
T O N A | N P ROWE P I VL, S | [FOR T
Mgtz o 5 onazy i, i 4 JRlSS g s, 03T S5O s, iy 5,8 b
& o Cllsy a5 0l o 4> LS eg0te Jow 5 SMAR Jaw (Rezvani et al., 2023) ..l

99 5l e ol Wjoe S o pladss maw (01, SB Ldgp 5l citi g B8 g pBS ¢ Seing @)
Sy Sllyy a5 a8 oo Glo ci 4 a5 A0S 0 G5 D= dse g (58,90 Clly, ady penilSe
5L¢.~i’;| ;ﬂ S 8y a5 WS oo ol O cden g all dek 3 i o, oal oS _xﬂ‘sa NVRY

S50 L5 adlse 50 SMAR Juw jsle o .(Mohammadi Vand, 2018)ssi e olow! Glily, 9ei

O e o 5o a5 Sl oads iy yas Sloj 5 Gl p 0T Dl s gy o Jsl addge Casl oals az3 I
S obig, adlge g 09d oo 43S Jlai o S (sh) 05058 (i g oud sl Gl g S (L
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(Rostami Khalaj et al., 2016)a5 o (5;5le 4
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1 Rainfall Runoff Library

2 Genetic Algorithm

3 Pattern Search Multi- Srart

4 Uniform Random Sampling

5 Rosenbrock Multi-Start Optimiser
6 Rosenbrock Single Start

7 Shffled Complex Evolution Method
8 Pattern Search

9 Horton

10 Hewlett & Hibbert
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Table 2- Evaluation criteria in SWAT & SMAR models(Houshmand Kouchi et al., 2017)

sbxo Jeosd
Criteria Formula
*—“*l'SJL"u‘“ o NSE 1 [ i=1 (Qjso—Qirs) ]
(Nash-Sutcliffe efficiency) i=1 (Qirg-00)2
O e e R? = Zi(Qi’o - Qo)(Qils - Qs)2
(Coefficient of determination) Yi(Qiro — Q)2 Xi(Qirs — Q)2

Sholie sbosls s Bl ool 4y Uas ol ygdome 5Kk o
. . 1(Quo Qirs)?

Ratio of Standard deviation of observations to root mean ) 2
(square error 1(Quo Qm)

(Slaslie polie (Sl Qp o silwarcd polie Qus o Slaslie polie Quo 5o slaakal, o
Qs 5 slalin glaosls o bl Gl il @ claalice slass N wosd (gjlwans polie . Sle Qs
Sl g 5lwands slrosls o lailiwldl il

RSR ,RZ , NSE sla a5l olinb g polio -¥ Jgus

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

PER) polio olinb
Index Values Classes
1-0.7 o L
075 Very good
0.75-0.65 -
good
_ S uls,
NSE 06505 Satisfactory
NSE< 0.5 Lt
Inefficient
1-0.7 o9 kS
075 Very good
0.75-0.65 -
good
R 0.65-0.5 S el
Satisfactory
5 ._\,J)lfls
0.5>R Inefficient
; o L
0-05 Very good
0.5-0.6 i
good
RSR 0.6-0.7 A
Satisfactory
RSR> 0.7 20

Inefficient




1hg|

S0l g (o0 )5 paite (LS,
SR e (S 5eg 30 S oS les 23]

Slrarly 5 badg 5 S Aidi g o e )| )5 4 (2o Yo DEM 5 51 ol L lazy
b ¥ JIahas 25l ARC-SWAT wig3dl 3,k 5| ARC Map Lusma s (HRU) 35ls e 25T,

Gl 5l plas” o a8 0l slnl Sujglsjane (iiSTy axly 9,50 VOV g ads> 25 VY ggemme jo (Y Jou 5 ¥
(el ol 3550 A 325k 5l 5 0550080 live SuSelssoen g cod oy s )8 g5 Sl 5l leaaly
o s aSlas 5 s sles polis 5 aicle VP S5l sloools «Setygin olKiul )50 O g
Olyie 4 CFSR ools ol 1 oltu] 5 5 3275 Siiyyinms olKtul 5 03,5 Joko o)y (solilisla el g

0,8 Ol sogias sla ools (g3lul 5 (ke slrools aei Ty a po soll]

46°200°E 46°400°E AT°00"E

38°10'0"N

e,

38°0'0"N

CY LT
o5

[5-10
~10-20
72040
I 40-63

37°50°0"N

"
KM
0 4 8 16 2% 32

38°0'0""N

37°50'0"N

46°200"E 46°400"E 4T°00'E
srolrgl ol aldi-Y S
Fig.3.The slope map of Ojan Chay

1 Climate Forecast System Reanalysis

38°0'0"N

37°50'0"N

46°200°E 46°400"E 4T00'E

oyl (Bl 6,5 Al Sl
Fig.2.The landuse map of Ojan Chay

46°20'0"E 46°40'0"E 41°00"E
N
laialy 5 ‘
T S Cons gl K '%C ‘
pi. a
| Aﬂ.’".)” AN ‘\ 'z
" i o
okl gl cal)) o
©
Clpscely o
I 1 e
1% e ilyo 2
ol o gl 1
0
I i o K
048 15 2 il



VEoF Hle o) oylods OF ol o ane

bl 3 Ll i 4 i

\FY

(FAO culu 3l (wlaidl) slz gl gl S wlasin -F Jgu
jan Chay (FAO)

s g

Explanations

Table 4-The Soil features of O

s o S b

Slope Texture Soil Name

& sbais | cwdle
symbol

B2 BY: G Plax oS oo oo,
s Sl )l a5l e il
Rigosols that contain lime at
least 20 to 50 cm from the
surface.

Sas gusby @) @l
Dry moisture regime

WO alols s Sel a8l oy 6l

b 5l s e il
It has a calcareous horizon at
a distance of 125 centimeters
from the surface.
S Sugby w25y syl
Dry moisture regime
Sl Vo alolh o &5 LS

Soils that are bounded by
hard, continuous rocks within
10 centimeters of the

surface.

slas b lsea Rolling

. > :
Calcaric Regosols
to hilly Fine g
sl b lsen f) :
Haplic Xerosols
Rolling to hilly Fine P
Sl b lgen .
. . r) H
Calcic Xerosols
Rolling to hilly Fine
| b pcane ; .
e _ 7 Haplic Xerosols
Level to undulating Fine
Lithosols , Eutric
S ) Regosols , Haplic

SlwnsS Sy Yermosols

Steeply dissected to ~ Coarse
mountanious
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Table 5- Sensitive parameters for using in calibration of SWAT model

Optimal Max. Min. symbol Parameter name
sk, bawgie Ll (o S985 i o les
0075 0.243 -0.053 r_CN2 Initial SCS curve bumber for moisture
Condition
JUE S ol adss s
v_ALPHA BF
0.605 0.719 0.155 - - Base flow alpha factor
ch 4 S aY 55Ol sl b ol
1559 242.79 17229 V- GW.DELAY eeins =l
The delay time for ground water
05 Ol E9ph alin] Goe
142 206 0.686 v_GWQMN Thershold depth of water in the
' ' ' Shallow
S Ay o ows BB ol cud,b
-0.375 0.002 -0.392 r_SOL_AWC Available water capacity of the soil
layer
97,59 107.17 77.46 r_PIAPS 292 5o €8, sl @ Al Sl 25
- Precipitation lapse rate
0.849 0.857 0.424 r-SMTMP Srws sl ¥ sles Sl
Snow melt base temperature
ol JUIS slacd 5T s jise Sids s colin
55 46 76.06 48.13 r_CH_K2 Effective hydraulic conductivity in
tributary channel alluvium
RESSS SR RVE
116.03 293.06 12456 r_REVAPMN Threshold depth of water in the
shallow aquifer for "revap" to occur
Lol o oYL Y Sl pid @ boyje oy
r GW_REVAP < < %
0.18 0.383 -0.005 - - Groundwater REVAP coefficient
ey by, el g
17.64 17.67 2.99 r SURLAG T R e
Surface runoff lag time
27.40 28.58 1433 r TLAPS Be29 s 2 €8 sl beo Sl

Temperature lapse rate

ol )by &.9 Slode u.’)fab- WSS R V- VP WU SR V- IS o) S PR KV §

oy V1l oolaiwl SWAT  Jow s Slae obj,l sl Ban ol aw (Jow (e liel 5 wly jo
Voo o Jlade a5 aes o lad | eod (g3lwdcd g slodmlice polie oos IS (NSE) eSSl i

Golwdcds Jow aib i /0 Sl 3l QT Ol S g cnl Vi lade el e ol o s U
2l VG /YO o ST Avele et al., 2017Moriasi et al., 2007) ¥ Jsoz Gl ol atils g5
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Table 6- Values of evaluation indices in runoff simulation in calibration & validaton of
SWAT

al> o tS)L“T 0,99
Period Statistical period

f’-‘““"? 2005-2016 0.75 0.96 0.81 0.80 0.45
Calibration

P-factor R-factor R? NSE RSR

ol '. ’Lf;c‘ 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)



VFF leg ) ojlouds OF alr o Jaumo o blis g Ldl yi & -

12

10 |

(450 S o) 20
[e)]

RN, =

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 ol

observed simulated

(Yo=Y V) mowylicl als 1o 50 sl oyl gl ool (g 5lwands g (Sladlin g0 logei-F JSCo
Fig.6. Chart of observational & simulated discharge of Ojan Chay in validation(2017-2021)

95 33 oiingy 5o el Jlecl 5 il | dar o ol 0ol aiasplis ) Jyir b
Aol Cews 4 < JFO 9 /AN fAe b plp cws s 4 RSR g R (NSE)adSilu i culpo o il
&> sloosls 5 (i liel 098 (sln 235 )8 st (S esgamme ;o inly Al e o Joe bl
ol 3 RSR 5 R? (NSE)GadSslu i culps 38,5 Jow 8y YoYV LYY sl o b o alale
15 SWAT _Sissls,ans Jow blss 5 cd¥s mls ol a8 cod +/0) 5 IO IVF o5 & al o
50 oad &l glaasls polie wlol p Jow oL 5 o)l slaglagl pplaces oo g5leans
prlasg> Sy, ead giluand slojloges () 5 (8) K&l ogdge 2Lyl w3 b3 (V)Js0x
Ol aoged (nl gy o3 go LS ) ailale ulidle )0 (omiww liel 5 (iuly 050 50 1) sl ol
5 4,99 slwle 0 logas ol cpl a5 aes oo ol A8l jlade 51 seST ) iSTas la oo 4 a0 o
Jodo a5 cel JiSTao (la g0 35505 50 Jae and LYo 51 (Sl oS cesl oy Jad g (o) o le
Lyls ol as oS (gilwand 1) By gd 51 2ol Sy, wilgs es g3 a5 el SCS g, 5l solasl o
bdls 51 po el 5 (oo Sloi)l g9, (lej Logas a5 ctgs)) 5 (23,58 slacke o
] Sgpiin
SMAR Juw yo ©lilyy 6 3twamis

D31 5l (6 5eS (69,9 srosls 4y ajsiaes la e 4 Cad s Sl g ol aSl 4 azgi
loaldT el ity olajle) Sty gians sloolKim! alale a5 5 i clale Fail (slaools
‘)‘)Blf:)" &.M]B dJUaA ‘é‘daja.w u] uLo)L.u QLTULA-HJ & o9y Oli&.«.u.l‘ slale L) ‘_gLQoQ‘J 9 (63)....4



\FY 6Ll g (05 oo LS,
e (X IF Aol (SS90 B Jue 8y Sles b5

2lie b 1) S5 o ssl Gyl 5l e (b)) e esliinl 5550 oyl )y (V) Jgaz 000,5 Jowe o)
4 bgiye )50 0 ol U cnl 5l s o (i 1) gl gy polie 5 goae Dlyd akels (B8
Sk glaay g 5l yesed Sk a5 an g el € il Gl (2lsdsy & bgye a5 O
S il e e s S e Sugb) 0238 Syl eaiS Gl puelly (ol iZ ol
Gl S 3g5 cod b 0usS Lo 1Y (05 o gLl S aS K)o lo o8 ) lie by, adgs jo a5 ol5le
dole Sz oS am e 6 ell Toog, 0 S5 4 (S5 ,52 L y2)3s8 olile lily, eesd gz g
Sush 5| S5 GeedS Sz 45w 9 el Blogyoe S0 et S ) Jeily 305 9 et
Ko S oo 58 ooliial 3550 i o 385 1) () 2T &5 SB gb; 0038 Cdl ol
b Sllyy STg e s olss; cpd SNl (s ST b, 23U ooy Sl
psS 5 Lo yally 4 azgs b I el (o Qllgy SS9 000 as ol allge Sk NK ool
Soge VeV =YV WV g)lel oy90 50 mmwyliel o YoNF- Voo (g)lel 090 j0 Jow gmmimly S5
2 b)) @l &5 wb S s o Jae o Shee byl ez R? 5 GdSilo i sla sl 5 288

el 0as 11 (A) 5 Wsla IS 5 (A) Jsaz

SMAR Juo o0 aioty (8 sy 0l0 -V Jgur
Table 7-Optimized default values of SMAR model

Qs )ludio Oyt 03g4%0 PR, ylaie Falyly
Optimal value Range of changes Default value Parameter
0.816 0-1 0 (©)stonses ol s
' Grandwater evaporation rate
Grandwater evaporation coefficient
' Porportion direct runoff
0.855 0-1 0 (K)o gl 2
Storage loss coefficient
11 16 1 (N) b sl <2 UH
U.H linear routing
Component N.k
Evaporation conversion parameter
627 0.5000 0 (V)35 &
Infiltration rate
3706 0-5000 200 (D51 coplo, 258 e

Soil Moisture total storage depth
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Table 8- Values of evaluation indices in runoff simulation in calibration & validaton of SMAR

al> ]
s ST 0293 R? NSE
Period Statistical period
S 2005-2016 0.56 0.60
Calibration
o Sl
o 2017-2021 0.67 0.625
Validation
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Fig.7.Chart of observational & simulated discharge of Ojan Chay in calibration of SMAR
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