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1- Introduction

Land use and land cover (LULC) is a complex set of changes caused by the interaction of the natural environment
and human activities, which has an important impact on the global environmental changes and sustainable
development (Li et al., 2020). Changes in land use can occur due to population growth and the development of
regional activities (Prayitno et al., 2020). Many of the problems caused by this development can be soil erosion, soil
degradation, and the reduction of forest areas and biodiversity (Hu et al., 2019), which have had a major impact on
the regional and global environment (Chen et al., 2020). Changes in LULC can not only directly affect the quantity
and quality of land resources in human life, but also indirectly cause climate change, which is one of the important
factors of global warming (Baoying et al., 2008), so it can change the hydrological regime and rainfall-runoff
mechanisms of a region (Li et al., 2007). Factors such as land use changes, rainfall intensity, and degree of soil
saturation, etc. cause the balance and natural flow of rivers to be disrupted (Ghanavati et al., 2014). The expansion
of urbanization leads to an increase in impervious areas and a decrease in rainfall absorption in the watershed,
causing changes in the river's hydrology, creating runoff after rainfall, and as a result, reducing the recharge of the
aquifer (Quan et al., 2015). Around the world, flood includes almost one-third of natural hazards and harms people
more than any other types of disasters (Asinya et al., 2021). Change detection of LULC is possible by comparing
the changes that occurred in a certain area according to the images taken at different times. Today, satellite data on
land resources are available and are relevant and useful for LULC studies (Shanmugapriya et al., 2016) because of
having some features such as high temporal frequency, accessibility, showing global land cover for consecutive
years, being suitable for calculations, and having a wide range of uses which make them have a high potential for
analyzing spatial and temporal changes (Kantakumar, 2019). In recent years, due to climatic reasons, the occurrence
of floods has increased in the world (Ghanavati et al, 2013). Golestan province is no exception to this rule. In the
recent floods in Golestan, natural factors such as the wet winter have led to the wetting of the soil, the filling of
storage channels, and the rise of the stagnation level, and as a result, the runoff coefficient has increased. In terms
of human factors, it is possible to point out the impact of non-observance of the principles of land preparation and
improper land use allocation, deforestation, encroachment on river boundaries, and insufficient dredging of the main
channels especially the estuary, which have increased the possibility of occurrence of natural hazards. Hydrological
models are the basis for understanding the cause-and-effect relationship between hydrological changes and land use
changes (Shokouifar et al., 2022).

2- Methodology

In this research, Landsat TM, Landsat ETM+, and TIRS OLI satellite images from 1986, 2006, and 2020 have
been respectively used to classify and investigate land use changes in the Gorgan River basin. ENVI 5.6 software
was used for image processing and data analysis, and ArcGIS 10.7 software was used to obtain output from image
processing. ENVI 5.6 software was used to classify the desired images using the Random Forest algorithm and
using the EnMap-Box 2.2 plugin. TERRSET2020 software was used to model the changes. The Kappa coefficient
was used to evaluate the accuracy and precision of the classification as well as to compare the classification result
with the ground reality. For land cover classification, six land use classes, including forest, urban areas, agricultural
lands, water areas, pastures with good vegetation cover, and land with poor cover (pasture and barren land) were
considered. In this study, the effect of land use on runoff potential was also simulated through the semi-distributed
SWAT model. Model implementation was done in Arc GIS 10.7 environment. After preparing the required maps
and preparing the input data, three different SWAT models were designed for the Gorgan River watershed. The first
model was used from 1985 to 1996 from the land use map of 1986, the second model was used from 1999 to 2009
from the land use map of 2006, and the third model was used from 2010 to 2020 from the land use map of 2020. In
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the first stage, by entering the Dem map and producing the flow network by the model itself, based on the threshold
limit of 14,000 hectares as the minimum drainage level and entering the Agh Qala hydrometric station as the outlet
of the basin, the Gorgan River watershed was divided into 32 sub-basins. After drawing the boundary of the basin,
sub-basin, and flow network, the physical parameters related to the basin and each sub-basin, including area, length
of the main waterway, slope, height characteristics, etc. are calculated. In the next step, the soil and land use maps
must be entered into the model and the slope classes must be defined by the user, and by combining them,
hydrological reaction units (HRU) are produced in each sub-basin. The number of HRUs can be changed multiple
times for each land use, soil, and slope by determining a minimum percentage of the watershed area that is defined
by the user. In the next step, climate data including daily precipitation and temperature information are entered into
the models and the appropriate method for calculating potential evaporation and transpiration is determined based
on the type of climate data available. In this study, the Hargreaves-Samani method was used to calculate potential
evaporation and transpiration. The method of variable storage coefficient was used for trending the flow. Also,
management information such as planting, fertilizing, irrigation time, and harvesting of the dominant crops of the
basin were introduced to the models. In the final step, the model was run to simulate monthly runoff, considering 3
years of training for all three models.

3-Results

The analysis of annual runoff in three scenarios shows that under the second and third scenarios, the surface runoff
has increased by 20.47 and 46.45%, respectively, compared to the first scenario-According to the investigations, it
is clear that water efficiency has been increasing from 1986 to 2020. This increase can be attributed to land use
changes, including the reduction of forest area and the increase of agricultural land, pastures, and residential areas.
An increasing trend is observed in the northeast sub-basins compared to the southwest, which is due to the reduction
of forest land and its conversion to agricultural land in the northeast. In 1986, the water yield of most sub-basins
(45.98% of the basin area) is less than 194 mm. While the water yield in 2020 has increased by more than 290 mm
in most of the basins (56% of the basin area) and in sub-basins 10 and 12, which are mainly degraded forest areas
and are at a higher level up to 378mm, the variable of agricultural land with an average participation rate of 43.63%
has had the highest change in runoff from 1986 to 2020. And after that, forest lands increased by 37.25% and played
an important role in creating runoff in the Gorgan basin.

4- Discussion & Conclusion

The results show that urban land has increased from 3.20% of the total land of the region in 1986
to 4.66% in 2006 and this number has reached 5.60% in 2020. According to the investigations
carried out in this research, it can be concluded that the area of forest land decreased by 45.56%
between 1986 and 2020, The largest increase in the area of built land occurred in the second half
of the period between 2006 and 2020. However, the decrease in the area of forest land from 1986
to 2020 is very impressive. These changes show the process of destruction in the region by
replacing these uses with pastures, barren lands, and forests. To evaluate the effect of land use
change on runoff, three SWAT models were implemented using three land use maps for the study
area. The simulation results of the flow in the region were acceptable in all three models, so the
coefficient of explanation between the observed and simulated data showed acceptable results.
After the SWAT model simulation, three optimal values of the parameters of each period were
placed for the defined scenarios. The results showed that with the change in land use, the value
of the curve number in the second and third scenarios increased by 0.79 and 1.50%, respectively,
which was due to the increase of barren lands and the decrease of vegetation in the region. The
annual study of runoff in three scenarios shows that in the second and third scenarios, surface
runoff has increased by 20.47% and 46.45%, respectively, compared to the first scenario.
According to the studies conducted on the impact of each land use in increasing the runoff, the
highest impact related to agricultural lands has increased by 12.38% in 2020 to the amount of
43.63% compared to 1986. The subsequent use of forest lands with a decrease of 34.73% has
caused an increase of 37.25% of runoff in 2020. As a result, the water output volume has
increased by 6.89% of the basin. Also, the rate of evaporation and transpiration of the second
and third scenarios was reduced by 2.07 and 7.59%, respectively, compared to the control
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scenario. The reason for this is the reduction of vegetation including water lands (gardens and
agriculture) in the basin in the second and third scenarios.

Keywords: land use, floods, hydrological model, Gorgan River basin
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