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SUMMARY 
Understanding the contribution of different land uses in soil erosion leads 

to optimal management and conservation practices to reduce the severity of 
erosion and consequently, the sustainable management. Changeability of the most 
effective factors on soil erosion especially soil erodibility and topography in 
different land uses is a first step to have a general view of soil erosion in the 
watersheds. Therefore, the present research was carried out to study the soil 
erodibility (S) and terrain influence (T) factors in different land uses in the 
Iranian part of the Caspian Sea Basin and identification of erosion critical areas 
based on topography and soil erodibility factors. In order to prepare land use, S 
and T maps for the study area, were prepared by using satellite data of moderate 
resolution imaging spectroradiometer (MODIS), shuttle radar topography mission 
(SRTM 90m) and harmonized world soil database (HWSD) and the use of 
geographic information system (GIS) and remote sensing (RS), respectively. The 
results showed that the mean soil erodibility in the Iranian part of the Caspian Sea 
Basin varied from zero (soilless areas) to 0.044 (t ha hr ha

-1
 MJ

-1
 mm

-1
). While, 

among eight studied land use, the highest and lowest mean values of soil 
erodibility were obtained in the rangeland and permanent snow-water body equal 
to 0.040 and zero (t ha hr ha

-1
 MJ

-1
 mm

-1
), respectively. Also, the mean terrain 

influence (T) factor varied from 0.01 to 35.83 and shows more changeability in 
the study basin. As a result, by considering the high soil erodibility and terrain 
influence, the maximum erosion potential in the study area are located in the 
middle parts of the basin, where the highest slope gradients have high soil 
erodibility values. These areas are mainly located in the south slopes of the 
Alborz mountains. In this regard, defined critical regions based on topography 
and soil erodibility factors along with natural and anthropogenic factors can be 
considered in the planning of soil erosion control in watersheds and soil and 
water conservation programs. 
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INTRODUCTION 

Soil erosion is one of the most significant forms of land (soil truncation, 

loss of fertility, slope instability) and is greatly influenced by biodiversity, land 

use and management (Solaimani et al., 2009; Spalevic et al., 2013; Behzadfar et 

al., 2014; Chalise et al., 2018; Lense et al., 2020; Spalevic et al., 2020; Spalevic 

et al., 2021; Stefanidis et al., 2022). It is likely to be exacerbated by extensive 

human activities and global warming (Rosas and Gutierrez, 2019), and is a 

serious problem in developing countries (Chalise et al., 2019; Khaledi Darvishan 

et al., 2019). Soil erodibility (S) can be viewed as the integral result of the 

processes determining the infiltration of rain into the soil and of the processes 

determining the soil’s resistance to the detachment of its particles and their 

subsequent transport (Renschler et al., 1999; Karami et al., 2018). It is generally 

considered as an inherent soil property with a constant value for a given soil type 

and widely adopted as an important factor in soil erosion prediction models 

(Kulikov et al., 2017; Dutal and Reis, 2020). It is closely related to the basic 

physico-chemical characteristics of soils. Soil erosion is not only different for 

various types of soils, but also it is different for the same type of soil under 

different climate conditions or land use management. Different land use systems 

might alter several soil properties and processes (Karami et al., 2018; Tavares et 

al., 2019; Ouallali et al., 2020; Lense et al., 2021; Costea et al., 2022). The most 

important driving forces for soil erosion in Iran include soil vulnerability, land 

use change, unnecessary and improper development of infrastructures and illegal 

exploitation of natural resources (Sadeghi, 2009). 

Both topographic factors, such as slope gradient and altitude, and 

anthropogenic factors, such as land use change, poor plant coverage, and 

inadequate erosion control measures, are primary reasons for soil erosion (Reis et 

al., 2017; Billi & Spalevic, 2022). The annual soil loss amounting from arable 

lands is 75 billion tons and costs approximately $400 billion each year in 

agricultural production worldwide (Wang and Zhang, 2021). To carry out a 

suitable plan for the management of degraded slope lands to control erosion rates 

and loss of productivity, it would require first a realistic assessment of soil 

degradation by assessing the risk of erosion in the target area. This is the main 

objective that can be achieved according to many previous studies by direct field 

and laboratory measurements of soil erodibility (Aburas et al., 2020). Therefore, 

information about soil erodibility is the main necessity for an assessment of the 

soil degradation process and conservation techniques in a watershed (Vaezi et al., 

2016) and also preventing reservoir siltation (Stefanidis and Stefanidis, 2012). 

Identification of critical area is an important procedure to control runoff and 

erosion phenomenon and considered as effective way in management of 

watersheds and achieving sustainable development (Mostafazadeh et al., 2017). 

Hence, studies on soil erodibility have been conducted by many researchers in the 

world. Therefore, the always growing availability of earth observation (EO) data 

and technological advancement lead to the development of automated geospatial 

workflows in order to fasten soil loss estimation (Stefanidis et al., 2021).  
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The effects of land management on soil erodibility in a part of Zayandeh-

Rood watershed showed the average soil erodibility of 0.05 (ton h MJ-1 mm-1) in 

good pasture and 0.09 (t h MJ
-1

 mm
-1

) in pasture land use and 0.09 (t h MJ
-1

 mm
-

1
) in degraded pastures (Karami et al., 2018). They found that the low soil organic 

matter content in the degraded pastures land is probably caused by livestock 

overgrazing and ultimately grazing. Evaluation of the soil erodibility of unpaved 

road slopes at the Bom Jardim city in the mountain region of the state of Rio de 

Janeiro showed the highest erodibility of the C horizons in relation to the other 

horizons of the Oxisol and Ultisol studied (Lima Soares et al., 2018). This fact 

explains the main process of observed instability, erosion at the toe of the slope 

and fall of the upper horizons. These results highlighted the anthropogenic effects 

and land use changes on soil erosion. 

The effects of land use on soil erodibility in the Mediterranean highland 

regions of Turkey were determined by Dutal and Reis (2020). The results showed 

that the average erodibility (USLE-K) value was 0.09 for forest, while it was 0.12 

and 0.22 for pasture and agriculture, respectively. The difference between 

agriculture with forest and pasture was statistically significant, while no 

statistically significant difference was found between forest and pasture in the 

study area. Parmar and Sharma (2020) calculated soil loss and soil erodibility for 

different crops, nutrient managements, soil series and four different slope 

gradients (0.5, 1≤ to <3, 1≤ to <3 and >5 %) and showed that soil loss decreased 

with decreasing slope gradient. The soybean cropping found more vulnerable to 

the soil loss whereas the orchard system found safest for soil erosion. 

Soil legislation is of great importance around the globe to limit the amount 

of soil loss. Although there are many studies on the relationships between land 

use and soil erodibility, but no study has been reported yet regarding the effects 

of land use change on soil erodibility in Caspian Sea Basin. Therefore, the 

objective of this study was identification of erosion critical areas based on soil 

erodibility and terrain influence factors in the Iranian part of the Caspian Sea 

Basin. 
  

MATERIAL AND METHODS 

Study area 

The Iranian part of the Caspian Sea Basin with an area of 176393.9 km
2
, 

covers about 10% of the total area of the country and lies between 35º-39º 45ʹ N-

latitude and 44º-59º 05ʹ E-longitude (Figure 1). Compared to the other parts of the 

country, this region has relatively more hydrometric stations and larger recorded 

rainfall and runoff data. With a permanent river network as well as productive 

farmlands, rangelands and forests, this region is of a major interest. The study 

basin has a complex topography with a diversity of slopes and average slope 

gradient of 26 %. The altitude ranges between -28 (Caspian coast) to 5671 m 

(Mount Damavand) and the average altitude of the study area is 1195 m. A total 

of 54 synoptic weather stations are operated in the study area (Chavoshi et al., 

2013). Figure 1 shows the location of the Caspian Sea Basin among all mega-
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basins of Iran. The land use of the study area and also, S and T raster maps were 

prepared. Then, the distribution of S and T values for each land use were 

calculated. 
 

 
Figure 1. The location of the Caspian Sea Basin among all mega-basins of Iran 

 

Land use map 
Land use plays a critical role in soil sensitivity analysis. As a result, land 

should be properly used in terms of its ability and limitations, otherwise it will 

cause severe soil erosion (Mostafazadeh et al., 2017). The availability of land use 

information permits decision-makers to develop plans in short to long-term 

period for the conservation, sustainable use and development of natural resources 

and watersheds (Talebikhiavi et al., 2017; Kuriqi and Hysa, 2021). In this study, 

image interpretation from moderate resolution imaging spectroradiometer 

(MODIS) data was used to prepare land use map of the Iranian part of the 

Caspian Sea Basin for the year 2018. The MODIS land cover type product 

(MCD12Q1) supplies global maps of land cover at annual time steps and 500m 

spatial resolution (Sulla-Menashe and Friedl, 2018). The MCD12Q1 product is 

created using supervised classification of MODIS reflectance data (Friedl et al., 

2010). Also, modifications and updates in Google Earth software used and 

classified to land use eight studied. Finally, ArcGIS 10.5 software were used for 

land use mapping (Figure 2). 
 

Soil erodibility (S) map 

Soil erodibility (denoted as the K-factor in the USLE and the S-factor in 

the G2 model) is best estimated from direct measurements of natural plots 

(Panagos et al., 2014). As this is not financially sustainable at the 
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regional/national level, the S-factor Equation (1) relates to soil properties as 

proposed for the USLE model by Renard et al. (1997):  
 

 

(1) 

 
where, K: soil erodibility (t ha hr ha

-1
 MJ

−1
 mm

−1
); M: textural factor defined as 

percentage of silt plus very fine sand fraction content (0.002-0.1 mm) multiplied 

by the factor: 100 - clay fraction; OM: organic matter content in percent (%); s: 

soil structure class (s = 1: very fine granular, s = 2: fine granular, s = 3: medium 

or coarse granular, s= 4: blocky, platy or massive); and p permeability class (p = 

1: very rapid, …, p = 6: very slow) (Panagos et al., 2012). In the present study, 

the soil data of the study area was extracted from the Harmonized World Soil 

Database (HWSD). 
 

Terrain influence (T) map 

To estimate the influence of topography on erosion risk (T-factor, or terrain 

influence, or LS as denoted by the USLE), the G2 model uses an equation 

developed and proposed by Desmet and Govers (1996):  
 

3.16.0 )
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(2) 

 

where, T: terrain influence (dimensionless, ≥0); As: unit contributing area, or 

flow accumulation (the numbers of upstream cells flowing into a specific cell, in 

m
2
/m); and b: slope gradient (rad). Equation (2) is an adaptation of the Moore and 

Burch (1986) algorithm for spatially distributed USLE applications to grid 

systems. The method estimates T values equivalent to length and steepness (LS) 

values resulting from the original USLE formulas. The flow accumulation layers 

for every basin were computed from a Shuttle Radar Topography Mission 

(SRTM 90m) digital elevation model (DEM).  

Two factors (L and T) were extracted from satellite image data and S-

factor was extracted from HWSD using the ArcGIS10.5 software (Table 1). 
 

Table 1. Summary of the input data for final mapping (Karydas & Panagos, 2018) 
 

Factor 

type 
Input data Scale Range Dimensionality*  Source 

Dynamic 

Land use derived 

from MODIS 

satellite data (L) 

Pixel 

size 1 

km 

[1,+∞] 0 http://earthexplorer.usgs.gov 

Static 

Soil Parameters  

(S) 

Cell 

size 1 

km 

[0, 

0.1] 

[M] 

[L
−1

] 

[P
−1

] 

http://www.fao.org/soils-

portal/data-hub/soil-maps-and-

databases/harmonized-world-

soil-database-v12/en/  

DEM extracted 

from SRTM 

satellite (T) 

Pixel 

size 

90 m 

[0, 

200] 
0 http://earthexplorer.usgs.gov  

*P: Power; L: Length; M: Mass 

http://earthexplorer.usgs.gov/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://earthexplorer.usgs.gov/
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Erosion potential map 

After preparing and classification of each layer according to the conditions 

of the region and the range of numbers obtained, the final map of erosion 

potential by overlaying the layers (T and S factors) was prepared and classified 

into different classes of erosion potential based on multiplying soil erodibility and 

terrain influence factors. The values of K-RUSLE or S-G2 (soil erodibility) and 

LS-RUSLE or T-G2 (topography) factors in a given area do not change in the 

short term. Therefore, based on the conditions of the study area as well as land 

use status, it is necessary to identify the critical areas in order to implement of the 

control and protection operations in these areas (Fagbohun et al., 2016).  

 

RESULTS AND DISCUSSION 

The present study was performed to assess soil erosion potential based on 

soil erodibility (S) and terrain influence (T) factors for each individual land use in 

the Iranian part of the Caspian Sea Basin. Figure (2) shows the land use map of 

the study area. The lower soil erosion rates in the forests, is because of increasing 

the vegetation retention value which prevents of soil loss in this land use. But it is 

very important to note that without vegetation cover, the soil erosions rates even 

in the forests may be very high potentially specially where the soil erodibility and 

slope gradient is high enough to increase soil erosion. 

 

Figure 2. Land use map in the Iranian part of the Caspian Sea Basin 
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The terrain influence factor (T) of the Iranian part of the Caspian Sea Basin 

is shown in Figure (3). The mean value of terrain influence factor varies from 

0.01 to 35.83 in various land uses. The lowest values of terrain influence factor 

are related to the flat regions (Alamdari et al., 2013), while the highest values of 

terrain influence factor (T) are related to the steep and long slope regions (Alborz 

mountains). In other words, in flat regions the effect of terrain influence on soil 

erosion value may less than the effects of rainfall intensity, soil type and 

vegetation. The effect of topography factors on soil loss were mentioned by other 

researchers (Biswas and Pani, 2015; Chalise & Kumar, 2020; Parmar and 

Sharma, 2020). 

 

 

Figure 3. Terrain influence factor map (Iranian part of the Caspian Sea Basin) 
 

Figure 4 shows soil erodibility factor (S) map in the Iranian part of the 

Caspian Sea Basin. Most of the dominant soils in Iran territory have less than 2% 

organic matter. Therefore, these soils have relatively weak soil structure and high 

erodibility and are sensitive to erosion. The results of the present study show that 

the soil erodibility value in the Iranian part of the Caspian Sea Basin ranged from 

zero (no soil regions) to 0.044 (t ha hr ha
-1

 MJ
-1

 mm
-1

).  

The mean values of soil erodibility (S) and terrain influence (T) factors in 

different land uses in the Iranian part of the Caspian Sea Basin are shown in 

Table 2. Among eight studied land uses, the rangeland has the highest area in the 
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study basin (about 77 %). Also, the highest and lowest mean values of soil 

erodibility factor were obtained in the rangeland (0.040 t ha hr ha
-1

 MJ
-1

 mm
-1

) 

and permanent snow - water bodies (zero t ha hr ha
-1

 MJ
-1

 mm
-1

), respectively. 

These results confirmed the findings reported by Taleshian Jeloudar et al. (2018). 

While the highest and lowest mean values of terrain influence factor (35.83) were 

obtained in the permanent snow areas (peak and steep slopes of the mountains) 

and water bodies (0.01), respectively.  

 

 
Figure 4. Soil erodibility factor (S) (Iranian part of the Caspian Sea Basin) 

 

Whereas, with increasing terrain influence factor, runoff and soil erosion 

are increased too, but due to freezing soil and very low soil erodibility, the areas 

with permanent snow in mountain regions are not considered as critical area. The 

mean values of soil erodibility (S) and terrain influence (T) factors in different 

land uses in the Iranian part of the Caspian Sea Basin are shown in Table 2. The 

erosion potential map of the study area based on multiplying the soil erodibility 

(S) and terrain influence (T) factors is shown in Figure 5. Erosion critical areas 

(%) for T×S > 1.34 in different land uses of the Iranian part of the Caspian Sea 

Basin are shown in Figure 6. 
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Figure 5. The erosion potential map (based on multiplying soil erodibility and 

terrain influence factors) in the Iranian part of the Caspian Sea Basin 

 

 
Table 2. The mean values of soil erodibility (S) and terrain influence (T) factors 

in different land uses in the Iranian part of the Caspian Sea Basin 

 

Land use/Land cover 
Area 

(Km
2
) 

Soil erodibility (S) 

(t ha hr ha
-1

 MJ
-1

 mm
-1

) 

Terrain influence 

(T) 

Forest 10632.1 0.038 19.28 

Rangeland 135543.7 0.040 7.72 

Wetland 271.8 0.020 0.09 

Cropland 25624.1 0.037 3.35 

Residential 1353.8 0.028 0.50 

Permanent snow 1.81 0.000 35.83 

Barren lands 2695.1 0.036 6.74 

Water body 271.5 0.000 0.01 
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Figure 6. Erosion critical areas (%) for T×S > 1.34 in different land uses of the 

Iranian part of the Caspian Sea Basin 

 

According to Figure 6, rangeland has the highest values of terrain influence 

multiplied by soil erodibility in the study watershed. In other words, 3.89 % of 

the rangelands can be considered as erosion critical areas and therefore, any 

vegetation removal and land use change especially to agricultural lands in these 

areas can lead to accelerated soil erosion rates. 

The results showed that by considering the high soil erodibility and terrain 

influence factors, the highest erosion potential value as 7.99 located in the middle 

parts of the basin, where the highest slope gradients have relatively high soil 

erodibility values too. These areas are mainly located in the south slopes of the 

Alborz mountains. These results confirmed the findings reported by Mohammadi 

et al. (2021). As a result, the lack of vegetation cover as well as heavy rainfalls 

will cause more severe erosion in these areas, compared to the other parts of the 

basin. It is highly recommended to study the vegetation cover in the study area 

and also to compare soil erosion observations and estimations using other soil 

erosion models to increase the accuracy of the results. Confirming the findings 

reported by Mostafazadeh et al. (2017) and Belayneh et al. (2019), this 

conclusion most be used by natural resources managers and design-makers to 

avoid any land use change specially from rangeland to cultivation in the erosion 

critical areas. 
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CONCLUSION 

According to the study results, the mean values of soil erodibility (S) and 

terrain influence (T) in the Iranian part of the Caspian Sea Basin were 0.039 (t ha 

hr ha
-1

 MJ
-1

 mm
-1

) and 7.68, respectively. Soil erodibility was found to be 

moderate and high in most parts of the study area, (especially in rangelands, 

forests and croplands). Soil erosion potential map based on multiplying two main 

factors of soil erodibility and terrain showed the critical areas. It is highly 

recommended to study and focus more on these critical areas to locate urgent 

crop and grazing management programs and soil conservation measures. In other 

word, the critical areas should have more vegetation cover especially during 

seasons with erosive and high intensity rainfalls. 
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