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Abstract

Rainfall-runoff modeling is a tool for flood prediction, and risk minimization. In this study, the Soil and
Water Assessment Tool (SWAT) model was used to determine the factors affecting runoff. For this purpose,
spatial data including Digital Elevation Model (DEM), land use, and soil were obtained from reliable sources
and finalized in ArcGIS software. Then, climatic data including precipitation, maximum and minimum
temperature, relative humidity, wind speed, evapotranspiration, and solar radiation were obtained from
various meteorological stations. The model calibrated using the SUFI2 algorithm and then the model
validation and sensitivity analysis were carried out. The model performance was evaluated using statistical
evaluation criteria including RMSE, R2 and NSE. The results of the model sensitivity analysis showed that
the model is sensitive to 16 of the 23 parameters. Also, the model simulation during the calibration and
validation period with RMSE values of 18.01 and 53.93 and R2 values of 0.85 and 0.91 and NSE coefficients
0f 0.72 and 0.36 indicate the model performance in the rainfall-runoff simulation in the studied basin. Given
the arid and semi-arid climate of Iran and the limited water resources, there is a need to identify the most
important components in the process of converting precipitation into runoff. Therefore, the SWAT model
can be considered a useful tool in determining these components and can be used in rainfall-runoff simulation
for water resources planning and management.

Introduction

Precipitation is one of the most complex elements of the hydrological cycle, exhibiting
significant variations in both time and space. Forecasting precipitation is not an easy task, and it
involves many uncertainties (Zand and Samaei, 2017). Estimating the runoff resulting from
atmospheric precipitation forms the foundation for various studies related to the development and
management of water resources. This estimation is crucial for a better understanding of
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hydrological issues, water resource management, river engineering, flood control structures, and
flood storage. Therefore, the estimation of surface runoff in river basins is an important and
complex issue that requires investigation and modeling of river regime (Xue et al., 2022). One of
the most significant applications of surface flow estimation in watershed management is flood
management, along with the design of hydraulic structures and reservoir policies (Mahmoudi et
al., 2021). Watershed hydrology simulation models are employed to better understand the
hydrological processes that control the movement of surface and subsurface water. One of the most
widely used hydrological models is the semi-distributed SWAT model. The SWAT model is a
large-scale model designed to simulate the impact of various land management methods on water,
sediment, and chemical agricultural substances at the basin level, taking into account different soil
types and land uses over the long term, based on water balance. Among the spatial information
required by the SWAT model is the digital elevation model (DEM), which plays a crucial role in
extracting the hydrographic characteristics of the basin and estimating the spatial distribution of
runoff and sediment load (Goodarzi et al., 2016). The ability of watershed models to accurately
simulate hydrological processes is evaluated through parameter sensitivity analysis, model
calibration, and model validation.

Methodology

The Khersan watershed is one of the important sub-watersheds of the Karun watershed, located
in the southwest of Iran, spanning the provinces of Kohgiluyeh and Boyer Ahmad, Chaharmahal
and Bakhtiari, and Isfahan. The SWAT hydrological model was utilized to identify the effective
components influencing runoff and to simulate rainfall-runoff in this watershed. For this purpose,
spatial data was gathered, including a digital elevation model (DEM) with a 30-meter resolution
from SRTM satellite data, a slope layer derived from the DEM, a land use map created by
classifying Landsat 8 satellite images using the Supervised Maximum Likelihood Classification
(MLC) method, and a soil layer based on the soil map from the Food and Agriculture Organization
(FAO). Meteorological data, including daily rainfall, minimum and maximum temperatures, wind
speed, and relative humidity, were collected from 14 meteorological stations in the basin covering
the period from 07/01/1997 to 06/30/2020. River flow data were obtained from three hydrometric
stations located in different areas of the basin. To implement the SWAT model, the ArcSWAT
extension within the ArcGIS 10.8 software environment was used. The digital elevation model of
the area was added to the software, allowing the model to calculate the watershed area, sub-
watershed, main stream network, and other physical characteristics of the watershed. In the next
step, using the land use and soil maps, along with introduced classes of slope values, hydrological
response units (HRUs) were defined by the model. After preparing the HRUs map, meteorological
data including rainfall, minimum and maximum temperatures, average wind speed, and relative
humidity were input into the model, and the modeling process was conducted.

Findings

The SWAT model was implemented using the Digital Elevation Model (DEM) layer, land use
map, soil map, and meteorological data, including rainfall, maximum and minimum temperatures,
relative humidity, and wind speed. Next, the SUFI-2 algorithm was employed to calibrate and
validate the model results. A sensitivity analysis of the model was conducted using 29 default
parameters, which revealed that 16 parameters were more sensitive. The remaining parameters had
no significant effect on the basin runoff simulation, classifying them as insensitive parameters,
which were then removed from the calibration process. The performance of the SWAT model in
daily and monthly rainfall-runoff simulation, as measured by the Nash-Sutcliffe coefficient, was
0.724, 0.765, 0.87, and 0.88, respectively, for the calibration and validation periods. These results
indicate the model's good performance in simulation and its suitability for estimating runoff in the
region.

Conclusion
To simulate rainfall-runoff and determine the important components in the simulation, the Soil
and Water Assessment Tool (SWAT) model was employed. The SWAT model was automatically
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calibrated using the SUFI-2 algorithm for the period 1997-2020, with calibration conducted for the
periods 1997-2013 and 2014-2020. The simulation results indicate that out of 23 important
parameters used in the calibration for this basin, 16 effective parameters include: CN2 (initial SCS
curve number for medium humidity conditions), ALPHA BF (groundwater discharge constant),
GW_DELAY (water transfer delay time from the last layer to groundwater), SOL_BD (soil bulk
density), SOL AWC (soil available water capacity), SOL K (soil saturated hydraulic
conductivity), SOL ALB (reflectance coefficient or albedo of moist soil)), REVAPMN
(groundwater evaporation rate), SMTMP (snowmelt temperature), SMFMX (maximum annual
snowmelt rate), ALPHA BN (channel discharge constant), CANMX (maximum canopy
retention), HRU SLP (mean slope), and SOL_Z (thickness of soil layers). The evaluation of model
performance using RMSE, R?, and NSE criteria shows that during the calibration and validation
periods, the RMSE values were 18.01 and 53.93, respectively. The R? coefficient values were 0.85
and 0.91 for the calibration and validation periods, respectively, while the Nash-Sutcliffe
coefficient (NSE) values were 0.72 and 0.36, respectively. Overall, considering these three
performance evaluation criteria, the SWAT model demonstrates good performance in the study
area.
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Table 1- Characteristics of satellite images used in this research

Sattelite Name Sensor Bands Row Path Date
38 163
39 163

Landsat 8 OLI 11

Y38 164 29/04/2020

39 164

SWAT e Sl 50 oalainl 890 &SI 0¥ Olasio -V Joos
Table 2 - Soil Layer Specifications Used in the Implementation of the SWAT Model

Row Soil Code Name

Soil Texture k Value

1 3122

(VL SN OS I \S ]

I-Rc-Xk-c-3122 Loam 0.3204
3508 I-Rc-Yk-c-3508 Loam 0.3061
3578 Xk5-2-3a-3578
3254 Rc33-3bc-3254 Loam 0.3244
3304 Xk5-3ab-3304

Clay-Loam  0.3601

Clay-Loam  0.3562

dilio 3 odliwl 3390 (SO KL | Olaize -1 J9uz
Table 3 - Coordinates of the Stations used in the Area

Number Station Name Station Type Longitude Latitude

1 Ganjaei Raingauge 513600 304600
2 Garmook Raingauge 514300 312259
3 Ghale Raeisi ~ Raingauge 503859 311659
4 Gifteh Raingauge 514000 305558
5 Hanna Raingauge 514348 311300
6 Kaloos Raingauge 512700 303750
7 Komeh Raingauge 513600 310400
8 Maymand Raingauge 511600 310850
9 Pataveh Raingauge 511448 305654
10 Setnegan Raingauge 513700 303600
11 Sisakht Raingauge 512100 305256
12 Yasuj Synoptic 513316 304211
13 Semirom Synoptic 513356 312423
14 Sisakht Synoptic 512745 305059
15 Pataveh Hydrometric 511516 305736
16 Kata Hydrometric 511533 311059
17 Barez Hydrometric 502826 312830
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Table 4- Range of Effective Parameters in Simulating Rainfall-Runoff Processes in the SWAT Model

Row Parameters Discription Minimum Maximum p-value  t-stat

1 R* CN2.mgt SCS curve number for -0.20 0.20 0.000 -8.013
— moisture condition II

Base flow alpha factor

2 V** ALPHA BF.gw 0 1 0.002  -0.889
(days)
3 V_GW DELAY.gw Gr"“ndw(asz;gelay time 30 450 0285  -0.609
4 R _SOL BD()sol  Moistbulkdensity (gem™ 5, 0.30 0.004  -2.249
5 R_SOL AWC(.)sol ‘vailable water capacity -0.30 0.30 0.338  0.867
of the soil layer (mm/mm)
Soil saturated hydraulic
6 R_ SOL K(..).sol conductivity (mm/hr) -0.80 0.80 0.000  -3.567
7 R__SOL _ALB(..).sol Soil albido coefficient -0.50 0.50 0.180  -0.879
8 V_GW DELAY.gw Gm““dwgz;selay time 0 500 0.000  3.043
9 V_REVAPMN.gw  Depthofwater threshold 0 100 0411 0314
— in groundwater table
10 V__SMTMP.bsn Snow melt base 5 5 0.745  -0.42
— temperature (C)
Melt factor for snow on
11 V__ SMFMX.bsn Yoo 21 (mm/Cdiny) 0 10 0.052  0.849
12 V_ALPHA BNKre Daseflow alpha factor for 0 1 0.061  -1.603
— - bank storage (days)
13 V_ CANMX.hru Ma’“m“m(fgr‘;‘;py storage 0 100 0.025  -2.51
14 R__HRU_SLP.hru Average Slope (m/m) 0 0.90 0.062  -1.817
15 R SOL 7(.)sol  Depthfrom soil surface to 0 0.80 0.045  1.538

bottom of layer (mm)
Thershold water level in
16 V__ GWQMN.gw shallow aquifer for 0 5000 0.837 0.194
baseflow (mm)

*: V means that the parameter value is replaced with a new optimal value.
**: R means that the parameter is multiplied by (1 + the optimal value)
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Table 5 - Results of the SWAT Model Evaluation for the Calibration (1997-2013) and Validation
Period (2014-2020)

Statistical

Calibration  Validation

RZ
RMSE
NSE

0.85 0.91
18.01 53.93
0.72 0.36
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