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Figure (1): Location map of Karkheh watershed in Iran
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Figure (3): Map of soil properties of Karkheh River Basin
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Figure (2): Karkheh River Basin Flow Network Map
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Figure (4): Land use map of Karkheh River Basin
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Table (1): Occurrence of hydrometric stations of Karkheh watershed
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Table (2): Sensitive parameters for simulating runoff of Karkheh watershed
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Table (3): Statistical comparison of monthly simulated and observed discharge in the calibration period
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Figure (5): SWAT Model Calibration Results Using SUFI-2 Algorithm for Simulation of Runoff at Afarineh Hydrometric Station
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Figure (6): SWAT Model Validation Results Using SUFI-2 Algorithm for Simulation of Runoff at Afarineh Hydrometric Station

Lools gt Coeal Ciad ol Sl S glaas >
Bl s ) Joome 3 a2 D3 Gla S 4 s
i Ol 1y Sl 3500 3 Gilss pe (5 205 A
S D 235 Al b il (gl 53 dde Cins
LB oss pe BH PP C e P J{Y;ﬁ; 3sls
ple 5 el GlaolSisl 35 neS a5 (53555 slaosls
Jlos wils e 45 4555 Ole |35 3l a0l o ST,
ity Bl slas Jols LaolKag) ol slaesls SWAT
3l e by allie, ole 5 aslisy S sl
S o hs il Gl sla plide

33 Uil ks 5 Jame 3 Ol st b bLol s
aile d{bel.(:_mil s i 4t S Tl glaca W3
(455 d) sl dgd Aot gy o &S s Gl 5 dee
Cel Sasda S5l ol Sl &S CiS Ol 5 o Ll o
el ol WnolSil ol s bl 5L s Al

o b Wl e SIS i S Y 03
S s, i i 53555 sleesls SIS 2 pds
miaan 5 (DEM) pLis)| o y5, 2 bl (5,08
sl Sl gles 5 Blas gles (ol glaesls
Oeoeed 5 ol g slaolKansl 35S ad g ol ga
Al ad g IS (sl 0T 035 S ja

S g S a5 sledy wdlles ol B 4 s b
Jo 5358 s andllas 550 dilate oS (Gadss ol
25 plal o San Iyl s SWAT

S S e
Sloosls 3l eslinal b tass ool 53 (A o lil &S &S Olas
O A Ol (glwans 4 r\.,\S\ «SWAT Jie (63553
SWAT- 1551 5 5,05 Uil 3l 3l ol s
5 il 3550 SUFI2 5, S 3l eslizd L 5 A2 CUP
5 el gl = Laesls p 53 b S aeeliel
o o sareany A eslinal s lzel gl OT oSS
o= 8 e a2 33 Sl amlzel il s
Sian 3 OLE Jo il s A o3litel (IS
Slodal o ol do Ly el (g 3luans slmesls bl
sl eyls 4_>-JSJ_:>JW)> S s slaelKan!
ool ol 3 IS iy e o
Aok Jole Sy BB slin b cad g (5 ekt

A e SloolSal 53 ST 25 5 s ol
=B eslie 5l Sl b s oo L5 el e
5 o ) s SWAT Jus aSal bilodal s a0 J 3
ks (e s Dl sl 3 1 SOl 5
b (83558 03,5 3,505 S b s e oLl p
S eSSl Slude oK b Jf;_s Solews ol
S5 O R i s s 48 el 0 03 pmesis OF a3l I
3 S 23pl5) les S o sl Jde an s ol 4 50
ol s cle (Y LK 5 K31\ Ol e
SLls 5 el (et Ol laelan) 55 il o

aS 35d e Olge O b Al b oleand 53 Jde i



ov 455 5utul 8392 Clilyy (g 5lwdnnds 50 SWAT Sy 3909 08 Joo (b )

1. Abbaspour, K.C., 2009. SWAT-CUP, SWAT
Calibration and uncertainty programs, version
2 (user manual) 105.

2. Arnold, J., Srinivasan, R., Muttiah, S. and
Williams, R., 2010. Large area hydrologic
modeling and assessment part I: Model
developmentl. J. Am. Water Resou. Assoc.
34, 73-89.

3. Azarang, F., Tellori, A., Sedghi, H. and
Shafei, M., 2016. Effects of Large Dam
Construction on Flow Conditions and
Hydraulic Parameters of Karkheh River,
Journal of Water and Soil (Ferdowsi
University of Mashhad), 31, 27-11.

4. Feizinya, S., 2008. Applied sedimentology
with emphasis on soil erosion and sediment
production, Gorgan University of Agricultural
Sciences and Natural Resources Publications,
1.

5. Faramarzi, M., Abbaspour, R., Schulin, C. and
Yang, H., 2009. Modelling blue and green
water resources availability in Iran. Hydrol.
Proc. 23, 486-501.

6. George, S. and Sathian, K., 2016. Assessment
of water balance of a watershed using SWAT
model for water resources management,
International Journal of Engineering Science
and Technology, 5, 177-184.

7. Golshan, M., Kavian, A., Rouhani, H. and
Esmali, A., 2015. Effect of Scale on SWAT
Model Performance in Simulation of Runoff
(Case Study: Haraz Catchment in Mazandaran
Province), Iranian Journal of Soil and Water
Research, 46, 293-303. (In Persian).

8. Hosseini, M., Ghafouri, M., Makarian, Z. and
Tabatabaei, M., 2016. Estimate of the water
balance in the basins reaching the Persian
Gulf using the Semi-distributed SWAT
Model, Journal of Soil and Water Sciences,
78, 183-194. (In Persian).

9. Kouhestani, S., 2016. Evaluation of effects of
climate change on the availability of blue and
green water resources in Zayandeh-rud Basin,
Ph.D. thesis Water Resources Engineering,

Cil“

Isfahan University of Technology. 139pp. (In
Persian).

10.Morgan, R. and Nearing, M., 2017. Handbook
of erosion modelling, 1th, John Wiley & Sons,
Ltd., Atrium.

11.Nash, J. and Sutcliffe, J., 1970. River flow
forecasting through conceptual models: Part 1.
A discussion of principles, Journal of
Hydrology, 10, 282-290.

12.Neitsch, S., Williams, J., Arnold, L. and
Kiniry, J., 2011. Soil and water assessment
tool theoretical documentation, Texas Water
Resources Institute.

13.Rostamian, R., Jaleh, A., Afyuni, M.,
Mousavi, S.F., Heidarpour, M., Jalalian, A.,
Abbaspour, K., 2008. Application of a SWAT
model for estimating runoff and sediment in
two mountainous basins in central Iran, 53,
977-988.

14.Shafei, M., Ansari, H., Davari, K,
Ghahreman, B., 2013. Calibration and
uncertainty analysis of a semi distributed
model in a semi-arid region, Journal of
Science and Technology of Agriculture and
Natural Resources, Water and Soil Science,
64, 137-148. (In Persian).

15.Van Liew, M., Arnold, J., Garbrecht, J., 2018.
Hydrologic  simulation on  agricultural
watersheds choosing between two models,
American society of agricultural on biological
engineers. Transactions of ASAE, 46, 1539-
1151.

16.Zarezadeh  Mehrizi, Sh., Khorani, A.,
Bazrafshan, J., Bazrafshan, A., 2017.
Evaluation of SWAT Model Efficiency in
Simulation of Gamasiab Catchment Runoff,
Iranian Journal of Natural Resources, Range
and Watershed Management, 70, 893-881.

17.Zhang, X., Xu, Y., Ma, C., Gao, X., 2013.
Impact of parameter uncertainty on extreme
flow simulation in SWAT model under
climate change, Geophysical Research
Abstracts, 15, 575.



AR bl ok gumms 0 )lowh s Jluw (Ll o5 (cwidieo (g 31 oole dlxo OA

Evaluating Hydrological SWAT Model in Runoff Simulation of Karkheh Watershed

Fahimeh Mokhtari!, Afshin Honarbakhsh?*, Saeed Soltani®, Khodayar Abdolahi4, Mehdi Pajoohesh’

Received: 02/12/2019 Accepted: 05/05/2020

Extended abstract

Introduction: SWAT is a continuous-time model that operates on a daily time step at the basin scale. The
objective of such a model is to predict the long-term impacts of management and the timing of agricultural
practices within a year (i.e., crop rotations, planting and harvest dates, irrigation, fertilizer, and pesticide
application rates and timing) on large basins. It could, at the basin scale, be used to simulate the water and
nutrients cycle of landscapes whose dominant land use is agriculture. It could also help assess the environmental
efficiency of best management practices and alternative management policies. The SWAT model uses a two-
level disaggregation scheme: a preliminary sub-basin identification is carried out based on topographic criteria
followed by further discretization, using land use and soil type considerations. Areas with the same soil type and
land use form a Hydrologic Response Unit (HRU), a basic computational unit assumed to be homogeneous in
hydrologic response to land cover changes.

The development of the digital computer has added a new dimension to hydrology. Previously, finding solutions
for different problems took hours with a pen and pencil method, but now it takes seconds with modern
computers. Moreover, much more complex methods of analysis are now feasible because of the speed of the
solution-finding provided by the computer. The impact of the computer has been particularly great in the area of
rainfall-runoff modeling. As flood routing and unit hydrograph analysis are mathematical modeling’s, surface-
water hydrology is, historically, concerned with modeling. Due to the climate type and the spatial and temporal
inconsistency of rainfall in Iran, large floods cause many damages in different parts of the country annually, as
the Mediterranean climate and different weather conditions throughout a year provide the ground for the
majority of short-term atmospheric rainfall.

Materials and methods: Karkheh Basin is one of the main watersheds of Iran which has a Mediterranean
climate whose level increases during the spring due to simultaneous rains and snowmelt. As one of the most
important hydrological processes of the watershed for better understanding the hydrological issues of flood
control structures for long-term planning, applying best management practices and making better use of their
potentials, Runoff simulation plays an important role in water resources studies. Thus, to calibrate the model,
select sensitive parameters were used in the sensitivity analysis step. Having imported the sensitive parameters
into SWAT-CUP software, they were repeated 500 times with the SUFI2 algorithm, and finally, the optimal
value for each parameter was determined.

Result: At Hamidiyeh station, the Nash Sutcliffe coefficient was -0.19 and -0.04 in both calibration and
validation periods, respectively, and was 0.76 and 0.77 in Chamangir Station, respectively. The coefficients of
determination for the Hamidiyeh station in the calibration and validation periods were 0.02 and 0.22,
respectively, and for the Chamangir station, they were 0.88 and 0.75, respectively.

. This study investigated simulated runoff, using the SWAT model based on the meteorological data regarding
the Karkheh watershed. A comparison of simulated runoff results with observational runoff at the hydrometric
stations was performed automatically by the SWAT_CUP software package SUFI2 algorithm. Correlation
between observed and simulated data was calculated based on the Nash Sutcliffe coefficient and the
determination coefficient at different stations of the basin. Nash coefficient - Sutcliffe and coefficient of
determination at all hydrometric stations except for the five stations which differed in their calibration and
validation periods, were found to be close to their optimum values.

Discussion and Conclusion: The coefficient - Sutcliffe of the other 6 stations was more than 0.5, indicating that
the model was capable of simulating runoff. In the mirage stations of Sarab Seyed Ali, Pulchehr, and Noorabad,
the SWAT model failed to simulate runoff well, which could be due to the location of these stations in the
elevated areas of the basin and its branches that were snowy. The lack of proper distribution of meteorological
stations in these areas makes the model unable to simulate well the snow runoff. In Hamidiyeh and Pai-Paul
stations, the SWAT model was could not establish a reliable relationship between the observed and simulated
runoff due to the impact of the construction of the Shahid Abbaspour Dam on the river flow hydraulics.

Keywords: Runoff simulation, SWAT, SWAT-CUP, SUFI2, Nash Sutcliffe coefficient, determination coefficient.
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