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Abstract

The aim of this study was to simulate the runoff in the upstream of
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been evaluated using selected efficiency criteria in the calibration and
Keywords: validation stages, then the performance of the SWAT model is evaluated in

simulating the monthly runoff in upland of Gheshlagh Dam. The input
model parameters were optimized using the SWAT-CUP optimizer. The
calibration and validation of the model was done using SUFI-2 algorithm
during 1989-2016 and 2016-2018 periods, respectively. The sensitivity
analysis shows that the SCS runoff curve number, Manning’s "n" value for
overland flow, minimum and maximum yearly rate of snowmelt, minimum
water depth in the shallow aquifer for "revap" were sensitive parameters in
flow simulation. The Nash-Sutcliffe and R? values were 0.62 and 0.65 in
the calibration stage, and 0.61 and 0.68 in validation stage, respectively.
The results proved the efficiency of the SWAT in monthly flow simulating.
According to the results, 55% of the total rainfall entering the watershed
has been converted to evapotranspiration, 30% infiltrated into soil and
stored as soil moisture, and 15% converted into surface flow component.
The results provide useful information on watershed water balance. Flow
simulation in different climatic conditions and land-use scenarios in the
future can help to sound water resources management.
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processes. The processes related to the water
cycle have relatively complex relationships, as
well as very extensive and different temporal and
spatial changes. Therefore, the relationship
between hydrologic components and the

Introduction

Heterogeneous spatio-temporal distribution of
fresh water and rapid population growth have
caused issues in water resources management.

Therefore, mathematical models have been
developed to study complex hydrological
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recognition of their temporal-spatial changes in
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different scales, have always been of interest to
managers and researchers, especially in the
watershed scale. Models as important tools
provide the possibility of simulating and
predicting how the water cycle changes in nature
and estimating the components of the water
balance. Hydrological models are used for
planning the sustainable use of water resources.
In addition, through model implementation, it is
possible to evaluate different management
scenarios without spending funds and in a short
time and make the best decision for watershed
management. Simulation models are the latest
approaches to evaluate the environmental effects
of human activities, land use, and climate
changes on watershed response, therefore, the
dynamics of the model can increase the
capacities of the model in modelling purposes.
The SWAT model as a computer-based model
can be considered as one of the possible
solutions to improve the water resource
management and environmental protection,
especially the reduction of the time required for
scenario analysis. The SWAT model as a semi-
physical and semi-distributed hydrological model
is widely used in recent years. The aim of this
study was to simulate the runoff in the upstream
of Chehlgezi hydrometery station in the
Gheshlagh Dam watershed, Kurdistan province,
Iran using SWAT hydrological model. In
addition, the results have been evaluated using
selected efficiency criteria in the calibration and
validation stages, then the performance of the
SWAT model is evaluated in simulating the
monthly runoff in upland of Gheshlagh Dam.

Material and Methods

The Gheshlagh dam watershed is located in
Kurdistan province, northwest Iran, at a 12-km
distance to Sanandaj city. There are 36 villages
in the study area. The predominant land use in
the area is pasture and dry agricultural land. The
surface runoff of this watershed enters the
Gheshlagh dam reservoir through Chehlgezi and
Khalifa Tarkhan rivers. Based on the division of
the country’s comprehensive water plan, this area
is a part of the Sirvan river basin. The area of the
Gheshlagh dam watershed leading to the dam
outlet is 1062.12 km?. Therefore, it is important
to measure the spatial variability in hydrological
components and to know the hydrological
processes of the watershed. The modeling of
large-scale ~ watersheds  causes  different
hydrological responses due to their complexity
and heterogeneity compared to small watersheds.
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To run the SWAT model, the terrain data, soil,
land use, hydrological and meteorological data of
the study area are needed. These data include
rainfall and minimum and maximum
temperature, relative humidity and wind speed on
a daily time interval. Also, river flow data is
needed for model calibration and validation
which helps to increase simulation accuracy. In
this research, the required information including
soil map, land use and digital elevation model
was received from the General Department of
Natural Resources and Watershed Management
of Kurdistan Province. Regarding the
meteorological data, the daily rainfall data of
three rain gauge stations of Chehlgezi, Khalife
Tarkhan, and Hossein Abad and the temperature
data of Sanandaj synoptic station for the period
of 1987-2018 were obtained from the Regional
Water Company and the website of the
Meteorological Organization of Kurdistan
Province. The input model parameters of SWAT
model were optimized using the SWAT-CUP
optimizer. The calibration and validation of the
model was done using SUFI-2 algorithm during
1989-2016 and 2016-2018 periods, respectively.
The second destructive debris flow happened in
April 2019 through a 122 mm intense rainfall
and thawing of snow. Consequently, check dams
were filled with coarse grain sediments, and the
Sijan stream morphology has notably changed in
forms of erosional and depositional features.
Filed observations indicated the high
performance of check dams to control and
manage flash floods and relevant debris flow and
protect the village from damages.

Results

The sensitivity analysis shows that the SCS
runoff curve number, Manning’s "n" value for
overland flow, minimum and maximum yearly
rate of snowmelt, minimum water depth in the
shallow aquifer for "revap" were sensitive
parameters in flow simulation. The Nash-
Sutcliffe and R? values were 0.62 and 0.65 for
the calibration period and 0.61 and 0.68 for the
validation period, respectively. The results
proved the efficiency of the SWAT in monthly
flow simulating. The results of the uncertainty
test in the period of calibration (1989 to 2016)
and validation (2016 to 2018) of the monthly
runoff at Chehlgezi hydrometric station are
presented in Table 1.
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Table 1 Evaluation criteria of SWAT model for the calibration and validation periods in Chelgazi
hydrometery station

Variable Calibration Validation

Runoff P-factor R-factor R? NS P-factor R-factor R? NS
0.45 0.57 0.65 0.62 0.42 0.65 0.68 0.61

The rainfall and runoff water balance Conclusions

components of Chehlgezi station are shown in
Fig. 1.

60
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Stream flow Deep Base flow Surface
/Precip recharge /Prcclpltahon /Total flow runoff /Total
/Precip flow

Water Balance Ratios
Fig. 1 The ratio of precipitation and runoff
components in the water balance of Chelgazi river
gauge station (1987-2018)

According to the results, 55% of the total rainfall
entering the watershed has been converted to
evapo-transpiration, 30% infiltrated into soil and
stored as soil moisture, and 15% converted into
surface flow component (Fig 1). Also, based on
the results, it was found that 54% of the total
runoff generated in the Chehalgezi watershed
was surface runoff and 46% was converted into
base flow (Fig 1). As a concluding remark, the
results of the research indicate that the SWAT
model has the ability to simulate the runoff of
watersheds with complex and heterogeneous
conditions with appropriate accuracy. It should
be noted that the input data with appropriate
accuracy will lead to acceptable results in river
flow modeling and watershed response. Carrying
out the sensitivity analysis and the appropriate
calibration of the model will also have a great
impact on increasing the accuracy of
hydrological modeling.
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Despite the appropriateness of the values of the
model evaluation criteria in the Gheshlagh Dam
watershed, in some years the simulated flow has
been overestimated or underestimated compared
to the observed flow and the base flow has been
underestimated in some years, while there is no
specific trend in the results. These
inconsistencies between the simulated and
observed flow are related to the complex nature
of the dominant hydrological processes in the
region, as well as human activities and
interventions in the hydrological cycle in the
study area. The results provide useful
information on watershed water balance. The
Gheshlagh dam watershed is of vital importance
in terms of supplying drinking water to the city
of Sanandaj as well as irrigation of the lands
downstream of the dam. Also, the occurrence of
land use change in the study area as well as the
effects of climate change are some of the driving
forces that make it necessary to estimate the
changes in the river regime in this area. Flow
simulation in different climatic conditions and
land-use scenarios in the future can help to sound
water resources management.
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Khalifetarkhan 0-47 29-35 1600 1397-1352
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Table 2 The optimum values of the parameters in the simulation of runoff in sub basin Chelgazi

No Parameter Parameter name Lovyer Upper Best
limit limit Values
1 CN2.mgt SCS runoff curve number -0.400  0.400 0.253
2 ALPHA BF.gw  Base flow alpha factor 0.777 0.895 0.826
3 SFTMP.bsn Snowfall temperature 9.05 11.29 10.81
4 SMFMX.bsn Maximum melt rate for snow during year 4.836 6.957 6.003
5 SMFMN.bsn Minimum melt rate for snow during the year 0.048 0.580 0.181
6 GW_DELAY.gw Groundwater delay 261.25  266.69  264.06
7 GW_REVAP.gw Groundwater “revap” coefficient 0.151 0.188 0.171
8 RCHRG DP.gw  Deep aquifer percolation fraction 0.797 0.851 0.823
9 ESCO.bsn Soil evaporation compensation factor 0.773 0.936 0.879
10  SOL K.sol Saturated hydraulic conductivity 0.486 0.528 0.513
11 SOL_AWC.sol Available water capacity of the soil layer 0.153 0.167 0.159
12 GWQMN.gw Threshold depth of water in the shallow aquifer 0.001 0.244 0.200
13 HRU_SLP.hru Average slope steepness -0.788 -0.716 -0.731
14  OV_N.hru Manning's "n" value for overland flow 3.262 5.573 4.379
15  SMTMP.bsn Snow melt base temperature -5.949 -4.550 -5.833
16  PLAPS.sub Precipitation lapse rate 330.96  338.86  337.41
17 SURLAG.bsn Surface runoff lag coefficient 2.731 13.45 11.84
18  SLSUBBSN.hru  Average slope length 68.21 150.78 91.61
19  RFINC.sub Rainfall adjustment 0.92 2.78 2.50
20 REVAPMN.gw }"hresh'f)ld depth of water in the shallow aquifer for 3351 101.48 7769
revap" to occur
21  LAT TTIME.hru Lateral flow travel time 75.31 180.00 115.44
22 CH_S2.rte Average slope of main channel -0.001 6.15 1.94
23 TMPINC.sub Temperature adjustment 0.00 1.16 0.87
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Fig 3. The results of monthly calibration and validation of the runoff in Chelgazi hydrometric station a)
Calibration b) Validation
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Table 3 Evaluation criteria of SWAT model for the calibration and validation periods in Chelgazi
hydrometery station
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Fig. 4 The ratio of precipitation and runoff components in the water balance of Chelgazi river gauge station
(1987-2018)
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