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Abstract:

The present study analyzed changes in land use and its effects on the runoff of Qara Chai
Watershed in Hamadan Province using the SWAT model. To this aim, Landsat OLI-TM satellite
images of the years of 2001-2020 were used. First, the relevant images were obtained and the
necessary pre-processing steps, including atmospheric corrections, were applied by using the
FLAASH method. To increase the classification accuracy, the multispectral images were combined
with the panchromatic images and the spatial resolution was enhanced up to 15 m. Then, the
classification process was done by using the object-oriented method and the nearest neighbor
algorithm. The SWAT model was utilized for hydrological simulation of the basin and SUFI-2
algorithm was applied in SWAT-CUP software for conducting sensitivity analysis, calibration, and
validation. Due to the sensitivity of the model to the initial loss parameter, it was recalibrated based on
the initial loss values. The values of the coefficients for the calibration period were between 0.72 and
0.90 and the model validation results confirmed the calibration accuracy. Assessment of the efficiency
of the model by using Nash Sutcliffe coefficients, p-factor, R, and r-factor indicated its high capability
for simulating the related runoff.
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Introduction

Land use and its fluctuations are among the factors that affect natural cycles in ecosystems. Land
use change has several effects on the hydrology of watersheds, such as changing the characteristics of
peak discharge, total volume of runoff water, water quality, and hydrological balance. Changing land
use and soil cover has some effects on runoff, infiltration, retention, evaporation, transpiration, etc.
The runoff caused by rainfall in watersheds causes erosion and loss of surface fertile soil and finally
leads to sedimentation in canals, rivers, and reservoirs of dams in addition to human and financial
losses triggered by floods. Nowadays, it is possible to study land use changes through satellite images
and remote sensing science The geographic information system as a suitable tool for extracting and
classifying information has greatly contributed to the studies related to the effects of land use changes.

SWAT model is a hydrological simulator and a continuous spatio-temporal semi-distributed model
with a physical base. It has been used to simulate hydrological processes in complex and vast
watersheds with regard to soil changes, land use, and weather conditions during different periods for a
long time.

Methodology

Qara Chai Basin with an area of about 11000 km? (based on the political border) is the largest
watershed in Hamadan Province. It has got the geographical coordinates of 13° 48° to 29° 49° east
longitude and 12° 34° to 35° 44° north latitude. It is drained by Qara Chai River and its branches. This
basin is the most flood-prone part of Hamadan Province in terms of flood situation.

In the studied plan, the area of Qara Chai Catchment (11000 km?) was divided into 18 sub-basins.
The SWAT model was used to obtain the data of the land use, soil, and slope maps and build the
hydrological response units. Separate grids were introduced to the model. After introducing two maps
of land use, as well as soil and slope classes, to the SWAT model, all the rasterized maps were
combined and integrated to produce the hydrological reaction units of the basin. Due to the fact that
the land use maps had changed in two time periods and thus had different characteristics, the
hydrological response units were affected by the land use type in addition to the soil type and slope.
Therefore, Therefore, the number of the hydrological reaction units changed

After forming the basin and hydrological response units, the meteorological data required by the
SWAT model were introduced to the model. Then, the output of this model was linked with SUFI-2
program in SWAT-CUP software and the important parameters of the SWAT model for the watershed
were sensitized with the help of SUFI-2 algorithm for the statistical period of 2002-2021 by applying
the method of one parameter at a time. The parameters, which were more sensitive, were identified
and their optimal values were determined. In short, the model was recalibrated for the land uses of
2001 and 2020 during the statistical periods of 2001-2008 and of 2013-2020, respectively. It was
validated for the statistical period of 2009-2012. Using the statistical criteria of Nash Sutcliffe
coefficient, p-factor, and r-factor both for the calibration and validation periods, the statistical analysis
was done and the statistical results were checked by using the SWAT-CUP program.

Results and Discussion

In the present research, land use changes and its effects on the runoff of Qara Chai Basin were
analyzed by using the SWAT model. To simulate the runoff by using the mentioned model and SUFI-
2 algorithm, the effective parameters on the runoff were identified from among the 29 parameters
examined in the sensitivity analysis via the sensitivity analysis technique. 14 variables were found to
affect the simulation. Finally, the runoff in the Qara Chai Catchment was identified. Due to the
sensitivity of the model to the initial loss parameter, it was recalibrated based on the initial loss values.
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Then, using the SUFI-2 algorithm, the model was calibrated and validated for the period of 2001-
2020. Examining the efficiency of the model by using Nash Sutcliffe coefficients, p-factor, R, and r-
factor resulted in the values between 0.72 and 0.90, which indicated the high capability of the model
for simulating the runoff. The validation results of the model also confirmed the correctness of the
performed calibration. To measure the influences of land use change on the amount of runoff, two
SWAT models were prepared by using two separate land use maps, including those of 2001 and 2020
for Qara Chai Watershed. The results of land use changes from 2001 to 2020 showed that the most
changes in land use included those of the lands without vegetation cover with an area of 2550 km? and
mixed irrigated and rainfed agriculture lands with an area of 1298.5 km?. Changes in the lands without
vegetation had been decreasing and those of the lands related to the mixture of irrigated and rainfed
agriculture had been increasing. Also, the least changes were related to the pastures (16.6 km?) with
poor canopy coverage.

Conclusion

The results related to land use changes from 2003 to 2021 showed that the most changes in land use
included those related to the lands without vegetation cover and mixed irrigated and rainfed
agriculture lands with the areas of 2550 and 1298.5 km?, respectively. The changes were decreasing in
the lands without vegetation and increasing in the lands related to the mixture of irrigated and rainfed
agriculture. Also, the least changes were related to the pastures (16.6 km?) with poor canopy cover.

Due to the sensitivity of the model to the initial loss parameter, it was recalibrated based on the
initial loss values. The validation results of the model showed good validity of calibration. Also, the
results of this research revealed that the use of remote sensing techniques and combined images for
extracting land use data provided a significant help to accurate studies of the effects of land use
changes on runoff and their simulation by the SWAT model.
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Figure (1) Average highest and lowest temperature, lowest absolute temperature, highest absolute
temperature and average monthly rainfall of Yalfatan station (Source: Authors, 1401)
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Figure (4) DEM map of Qara Chai basin in Hamadan province (source: authors, 1401)
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Table (2) coordinates of the hydrometric stations of Qara Chai basin in Hamadan province
(source: authors, 1401)
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Figure (5) Soil map of Qara Chai basin located in Hamedan province (source: authors, 1401)
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Figure (7) Land use changes in Qara Chai catchment area in 2019 compared to 2010 (source: authors, 2011)
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Table (5) results related to land use change in the Qara Chai river basin of Hamedan province
between 2010 and 2019 (source: authors,1401)
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Figure (8) Map of the studied area in the SWAT model output (source: authors, 1401)
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Table (6) selected final indicators in calibration, their sensitivity along with the optimal value in the
SWAT model (source: Authors, 1401)
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Table (7) the values of the model efficiency evaluation indices in simulating the runoff of the Qara
Chai catchment basin (source: the authors, 1401)
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Figure (9) Relationship curve between simulated and observed runoff values during the calibration
period (2001-2008) in the catchment area Qara Chai (source: authors, 1401)
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Figure (10) Relationship curve between simulated runoff values and validation observations (2009-
2012) in Qara Chai watershed (source: authors, 1401)
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Figure (11) the curve of the relationship between the simulated and observed runoff during the
calibration perod (2013-2020) in the Qarachai watershed (source, 1401)
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