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Abstract  Severe land degradation occurred in northern highlands of Ethiopia due to its complex topography, rainfall, and 

various anthropogenic activities. Soil erosion in the Megech river catchment, one of the major catchments of Lake Tana 

sub-basin of the Abbay River basin using Remote sensing, and GIS based Universal Soil Loss Equation (USLE) was 

quantified. The study was conducted by estimating the important factors that affect soil erosion namely, rainfall erosivity (R), 

topography (LS), soil erodibility (K), cropping management practice (C), and support practice (P). The results showed that 

the annual soil loss in the total catchment is 8,43,736 tons with an average soil erosion rate of 41.54°75.92 tons ha-1yr-1 of 

which the soil loss from the upper catchment is 6,86,705 tons (36.63°64.2 tons ha-1yr-1) while from the lower catchment 

1,57,031 tons (32.68°57.41 tons ha-1yr-1). In 3.1% of the total catchment area the soil erosion is extreme with the rate greater 

than 50 tons ha-1yr-1; in 20.5% of the area it is greater than 10 tons ha-1 yr-1; and in 50.5% of the area it is very low, less than 

1 ton ha-1yr-1. Soil erosion rates varied from various land uses in a given topographic condition, and from a particular land use 

type in different topographic conditions. Soil conservation- neglected post-harvested land is eroded by small rainfall 

intensities. Substantial soil erosion occurs from degraded lands and decreased vegetative covers. Implementation of scientific 

measures of land use management, agriculture, and restoration of degraded lands would control soil erosion. 

Keywords  Soil erosion, Megech river catchment, Ethiopia, Universal Soil Loss Equation, Remote sensing, Geographical 
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1. Introduction  

Soil erosion and degradation of land resources are very 

significant problems in many countries. Land degradation is 

the most serious growing threat to food production, food 

security, and natural resource conservation, particularly for 

the poor and vulnerable population in the dry lands of 

developing countries in Africa and Asia and consequently to 

global security since it has been seriously threatening 

peopleôs livelihoods, soils and landscapes [1,2]. Land 

degradation is defined as the loss of production capacity of 

land in terms of loss  of soil fertility, soil  biodiversity, and 
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degradation of natural resources [3] that have put the worldôs 

ecosystems under intense pressure [4]. Globally, about 2 

billion hectares were already degraded, and the average rates 

of soil erosion were estimated between 12 and 15 tons 

ha-1yr-1 [5]. Land degradation is caused by soil water erosion 

(46%), wind erosion (36%), loss of nutrients (9%), physical 

deterioration (4%), salinization (3%) [6], and in rural   

areas by overgrazing (49%), agricultural activities (24%), 

deforestation (14%), and overexploitation of vegetative 

cover (13%) [7]. 

Ethiopia experienced moderate to severe land degradation 

problems. Very severe degradation occurred in northern 

Ethiopia [8]. Soil erosion is one of the most dangerous 

hazards in high land regions. In the highland areas of north 

Gondar district in Amhara region, soil erosion rates mainly 

depend on the intense rainfalls, erodible soils, topography, 

slope gradient, land use types etc. Excessive soil erosion 

with a resultant high rate of sedimentation in the reservoirs 

and decreased soil fertility  has become solemn 
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environmental problem for the country with disastrous 

economic consequences. The estimated total mean annual 

sediment load in the Megech reservoir in north Gondar was 

496,066 tons that corresponds to 1,170 tons km-2 yr-1 [9].  

A quantitative assessment is needed to infer on the extent 

and magnitude of soil erosion problems so that sound 

management strategies can be developed on a regional basis 

with the help of field measurements [10]. Researchers have 

developed many tools for estimating soil loss, such as the 

Soil and Water Assessment Tool (SWAT), the Water 

Erosion Prediction Project (WEPP), the Universal Soil Loss 

Equation (USLE), the Revised Universal Soil Loss Equation 

(RUSLE), etc. [11]. Among them, USLE is widely used for 

the study of soil erosion by water because of its simplicity, 

despite some inconveniences due to its extensive 

requirement for input data [12,13]. The USLE method 

predicts the long term average annual rate of erosion on a 

field-based rainfall pattern, soil type, topography, crop 

system and management practices. The major purpose of the 

soil loss equation is to guide methodical decision making in 

conservation planning on a site basis. Using conventional 

methods to assess soil erosion risk is expensive and time 

consuming. Hunri (1985) [14] conducted conventional study 

on soil erosion for the highest areas in Ethiopia focusing on 

various soil erosion factors.  

The integration of existing soil erosion models, field data 

and data provided by remote sensing (RS) technologies 

through the use of geographic information systems (GIS) 

appears to be an asset for further studies [15-17]. Recently 

developed RUSLE that has a similar structure as that of the 

USLE contains several improvements in identifying input 

factors based on the updated database in the United States. 

We chose the USLE model due to its wider use, relative 

simplicity to assess soil loss, and most importantly its 

easiness to compare with other studies on soil erosion in 

various river catchment areas. RS and GIS are capable of 

handling easily and efficiently large amount of spatial data. 

For this reason, many researchers use GIS as main approach 

to estimate soil erosion at all scales. Therefore, this study, 

conducted in the Megech river catchment area, aims to 

utilize the USLE model with RS and Arc GIS to determine 

the soil erosion rates. 

2. The Study Area 

The Megech River is one of the major river catchments of 

Lake Tana sub-basin of the Abbay River, a major river basin 

in Ethiopia. The Megech river and its tributaries namely 

Angereb, Shinta, Keha, Dimaza, Gilgel Megech, and Wizaba 

that rise on the Ethiopian highlands in North Gondar in 

Amhara region are concentrated at elevations of 3000 meters 

mean above sea level (m.a.s.l.) having a high and perennial, 

but highly seasonal in their runoff (Figure 1). The upper and 

lower catchment areas of Megech River encompass about 

80757 ha with an annual runoff of 350×106 m3 which is half 

of the total northern river catchments of Lake Tana including 

Garno, Arno, Dirma, and Gabi Kura rivers. [18]. A well 

developed dendritic drainage pattern is observed at the area 

with a chain of ridges bordering the catchment area (Figure 

2). The elevation of the total catchment area fluctuates from 

1755 m to 2974 m m.a.s.l. and decreases from north to south. 

The upper river catchment area is not flat like the lower one 

but very broken and hilly  ragged terrain containing grassy 

uplands, swamp valleys, scattered vegetation, and occasional 

rocky peaks which are of volcanic origin consisting of varied 

range of altitudes (Figure 3). The upper catchment area 

fluctuates from 1900 m to 2974 m m.a.s.l., whereas it 

decreases from the north to south to 1755 m m.a.s.l. Slope of 

the terrain is complex and varies from nearly level to very 

steep slope with a range of 0.3° to 63°. The northern part of 

the catchment area has a characteristic of gentle to very steep 

slope, while the southern part has gentle slopes and plain 

surfaces that are mostly near the outlet of the Megech River 

to Lake Tana. 

The climate in the catchment area shows tropical monsoon 

characteristics with an annual rainy season from June to 

September. The altitudinal variations within a short distance 

that allow the research site into different climates are 

classified into: Humid subtropical climate (Cwa), 

Subtropical highland oceanic climate, (Cwb) and Tropical 

savanna climate (Aw) respectively [19,20]. The two main 

seasons are mostly wet (monthly precipitations above 

150mm) during May to October, while mostly dry during 

November to April  (below 30mm). It has a varied landscape, 

dominantly covered with ragged hills and plateau basalts 

which impart variations in temperatures largely favoring a 

wide range of rainfall. According to statistics of a decade of 

2009ī2018, the average annual precipitation fluctuated from 

1038 to 2187 mm due to highly varied and complex terrain, 

while an exceptional rain fall about 3259 mm was recorded 

at the Binchen area (Figure 4). The average minimum and 

maximum daily temperatures ranged between 12-18°C and 

19-28°C respectively. The highest temperatures reach in 

April  (>30°C), while the lowest temperatures in August 

(about 15°C). The annual mean maximum, mean, and mean 

minimum temperatures were 25, 19, and 13°C respectively. 

Rock units existing in this study area are Cenozoic 

grouped into four major categories: (i) Alluvial  and 

lacustrine deposits (quaternary), (ii)  Tarmaber Gussa 

formation (oligoceneïmiocene): alkaline to transitional 

basalts often forming shield volcanoes with minor trachyte 

and phonolite flows, (iii)  Aiba basalts (middleïlate 

oligocene): flood basalts with rare basic tuff, and (iv) 

Ashangi formation (eocene): deeply weathered alkaline and 

transitional basalt flows with rare intercalations of tuff often 

tilted. The great variability of Ethiopian highlands gives rise 

to the formation of different physical landscapes which in 

turn cause the variations in soil parent materials. Similarly, 

the physiographic position, parent materials, drainage 

characteristics and soil depth are the key factors to classify 

the soils in the study area. Surface soil depths are between 25 

cm to 200 cm (average 70 cm) covered by black, red, brown 

and grey colored soils. Lithic leptosols are the dominant  

soil types in the upper catchment area followed by Eutric 
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Fluvisols, Humic Nitisols, Eutric leptosols, and Chromic 

Luvisols, whereas Haplic Luvisols and Eutric Vertisols are 

dominant in the lower catchment that also is associated with 

Eutric cambisols [21]. The dominant textures identified in 

this area are silt clay loam and silt clay. The Lithic leptosols 

soils are shallow underlined by unconsolidated medium 

sized gravels with loose joints which in turn underlined by 

watertight rocky layers [22]. There are various land use types 

in the catchment area with plantation, dense forest, barren 

land, cropland, grassland, built-up land and impervious rock 

as the chief categories (Figure 7).  

 

Figure 1.  Location of the study area 

 

Figure 2.  Stream network of the River Megech catchment 

 

Figure 3.  Terrain and flow direction of the Megech catchment 
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Figure 4.  Rainfall Stations and Annual Average Rainfall (mm) 

3. Methods 

3.1. Universal Soil Loss Equation (USEL) 

The USLE is an erosion model designed to compute 

longtime average soil losses in runoff from sheet and rill  

erosion under specified conditions [23]. It was applied in 

many areas worldwide. It calculates erosion as a product of 

five factors: rainfall erosivity, soil erodibility, slope length 

and steepness, land cover and management, and support 

practice, and the resources for identifying their values are 

rainfall, soil properties, terrain data and, land use. The soil 

loss equation is: 

A = R × K × LS × C × P            (1) 

where,  

A is the average annual soil loss (tons ha
ī1yr

ī1),  

R is the rainfall erosivity (MJ mm ha
ī1h
ī1yr

ī1),  

K is the soil erodibility factor (tons ha h ha
ī1MJ

ī1mm
ī1),  

LS is the topographic factor (dimensionless),  

C is the cropping management factors (dimensionless), 

and  

P is the practice support factor (dimensionless). 

The USLE was applied to the Megech River catchment by 

representing the basin as a grid of square cells and by 

calculating soil erosion for each cell which are classified into 

five levels namely, very low, low, moderate, high and 

extreme erosion levels. 

3.1.1. Rainfall Erosivity Factor (R)  

R-factor is an index of rainfall erosivity that estimates the 

erosive forces of the rainfall and its directly associated runoff. 

Rainfall erosivity (R) is defined as the product of total storm 

kinetic energy (E) times the maximum 30-minute rainfall 

intensity (I30) for a given rain storm, (EI30) (Wischmeier   

& Smith 1978) [23]. According to the definition, the  

detailed continuous precipitation data with 30-minute time 

resolution and the rainfall kinetic energy measurement that 

derived from drop-size, drop-velocity, and drop-volume 

measurements as well as drop-size distribution are required 

to calculate the R-factor. Moreover, the calculation of 

R-factor is a complex process and, data on the nature of the 

distribution of those sizes and intensities of the individual 

rainstorms are rarely available. However, there are other 

methods suggested by various researchers to calculate the 

annual R-factor. Hurni (1985) developed a method of USLE 

adapted for Ethiopian conditions to measure R-factor based 

on mean annual precipitation by analyzing the rainfall data 

as given in the following equation:  

R = 0.55 *P ï 4.7            (2) 

where, P is the mean annual precipitation (mm). 

The annual precipitation values from minimum 10 years 

(2009-2018) to maximum 40 years (after 1978) of rainfall 

that 28 meteorological stations recorded were used to 

estimate the R-factor in the present study. The R-factor 

values were also predicted by using the other mostly 

accepted methods of erosivity indexes to evaluate the effect 

of rainfall on soil erosion. Six methods of rainfall erosivity 

were selected in the present study: Modified Fournier Index 

(MFI) [24], Precipitation Concentration Index (PCI) [25], 

Fournier Index (FI) [26], Total annual rainfall (P) and a 

regression equation provided by the Derege et al. (2016) [27] 

in the Ethiopian region.  

Total annual rainfall P = ὴὭ 

12

i 1

                   (3) 

Modified Fournier Index MFI =  
В ὴὭ

212
i= 1

p
 4  

where, ὴὭ = the monthly rainfall depth (mm) in i month, and 

p = the annual rainfall (mm). 

Fournier Index F =  
ὴ2

p
                               (5)  

where, p is the precipitation in the wettest month and P is the 

total annual rainfall. 

Precipitation Concentration Index PCI  

= 100
В ὴὭ

212
Ὥ= 1

p2
                            (6) 

 
where, pi is the monthly rainfall and P is the total annual 

rainfall. 

Derege et al. (2016) proposed the following power-law 

equation to estimate the rainfall erosivity factor in the 

Ethiopian Region: 

R = 0.366 *  D2.064 (R2 =0.99)          (7) 

where rainfall R is the erosivity and D is the rainfall depth 

(max. I30).  
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The annual values for the period covered by each rainfall 

station were calculated using the monthly rainfall data for the 

six methods using Eqs. 2, 3, 4, 5, 6 & 7 and then averaged. 

Figure 5a shows the values of erosivity indexes of each 

method and average monthly rainfall at 28 stations. The 

effect of rainfall length on each method was studied with 

these values. R-factor values obtained from these methods 

were compared and found that their correlation was not 

satisfactory because as per the USLE the two most relevant 

parameters, rainfallôs kinetic energy and intensity were not 

involved in these methods except the power-law equation 

which was provided by Derege et al. R-values were 

estimated from the Derege et al., method with a few available 

rainfall intensity data for two stations namely, Azezo and 

Gondar, by using the Eq.7. These R-values were correlated 

with the R-values of other methods. The results showed a 

better correlation (R2=0.95, p=0.014) with the R-values from 

the Hunriôs model (Figure 5b). Therefore, we used Hunriôs 

model in our study to determine the R-values for estimation 

of the soil erosion. 

 

 

 

Figure 5.  a. Rainfall erosivity (R); and b. monthly average rainfall at 28 stations in and around Megech River catchment; c. Correlation of R-values 

between Dergeôs power-law and other methods 
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3.1.2. Soil Erodibility Factor (K) 

The soil erodibility factor, K, is the rate of soil loss per 

rainfall erosivity for a specified soil, which reflects the 

combined effect of all the soil properties and soil profile 

characteristics. K-factor in the soil loss equation is 

experimentally determined quantitative value. Measurement 

of the K-factor requires several physical parameters for each 

soil type such as soil texture, soil organic matter, percent of 

sand, silt, and clay in the soil, soil structure code, and profile 

permeability. Therefore, K is one of the most challenging 

factors, requiring substantial time, cost, resources, field 

surveys, and analyses [28]. Hurni, (1985) used methods of 

Bono & Sheiler (1984) and Weigel (1985) [29,30] to 

estimate K-factor values based on the color for soils in 

Ethiopia. However, in the current study, the K is estimated 

based on soil texture and organic material content. This 

relationship was used by many researchers to estimate K 

values for their soil samples [31]. The soil information for 

our study was obtained from the Harmonized World Soil 

Database (HWSD) v.1.21. (2013) [32], jointly developed by 

Food and Agriculture Organization of the United Nations 

(FAO), International Institute for Applied Systems Analysis 

(IIASA), ISRIC-World Soil Information, the European Soil 

Bureau Network, and the Institute of Soil Science, China. 

The percentage of organic material was estimated by 

multiplication of organic carbon with a factor value 1.72. 

The mean K-values were obtained based on percentage 

organic material in association with the sand, silt and clay 

percentage of soil composition by using the United States 

Department of Agriculture (USDA) [33] soil textural class 

fields at <2 and Ó2 organic matter values. The K values, soil 

type and soil classes were derived for the present study site 

by following the above procedure. 

3.1.3. Topographic Factor (LS) 

Topographic factor (LS) is the slope length gradient that 

reflects the effect of the topography on erosion rates. Both 

the length and the steepness of the land slope substantially 

affect the rate of soil erosion by overland flow particularly in 

complex terrain areas. Many researchers agree that the 

amount of land lost depends on the three-dimensional 

distribution of the terrain [34,35]. Various methods have 

been devised to calculate the LS for topographically complex 

terrain that requires high resolution Digital Elevation Model 

(DEM) data. In the present study, we calculated the 

combined LS factor using the DEM data extracted from 

Advanced Space-borne Thermal Emission and Reflection 

Radiometer (ASTER) Global Digital Elevation Model 

Version 2 (GDEM V2), 2011 with a spatial resolution of 30 

m following an approach developed by Mitasova et al. (1996) 

[34]: 

ὒὛ= ά+ 1
ὃί

22.13

ά ίὭὲ—

0.0896

ὲ

        (6) 

where, 

As is normalized upslope area that is the contributing area 

per contour width (m), 

ɗ is the slope angle in radians, and 

m (0.4ï0.7) and n (1.0ï1.4) are calibrating parameters.  

The terrain of the catchment is very complicated with 

dense stream systems (Figure 2) resulting in dominating rill , 

gully erosion. Therefore, the calibrating parameters ómô and 

ónô were respectively assigned 0.5 and 1.3 as recommended 

by Mitasova and Mitas (1999) and Liu, Nearing, Shi, and Jia 

(2000) [36,37].  

LS can be calculated by the use of the raster calculator tool 

in Arc GIS as follows: 

ὒὛ= Ὂὰέύ ὥὧὧόάόὰὥὸὭέὲ ×
ὅὩὰὰ ίὭᾀὩ 

22.13

0.5

×  

ὛὭὲ ὛὰέὴὩ—×0.01745

0.0896

1.3

× 1.5 / 100       (7) 

3.1.4. Cropping Management Factor (C) 

Cropping management factor (C) reflects the effect of 

cropping and management practices on the soil erosion rate. 

The vegetation cover and management factor is the ratio of 

soil loss from an area with specified vegetation cover and its 

management to the soil loss from an identical area in tilled 

continuous fallow. Remote sensing technology provides a lot 

of information about the land surface through the 

Normalized Difference Vegetation Index (NDVI)  which is 

positively correlated with the amount of green biomass and 

gives an indication of differences in green vegetation 

coverage [38]. Time series Landsat-8 imageries data in 

January, April, June, September and December of year 2018 

with a spatial resolution of 30 m (path 170; row 51) as given 

in Table were used for our study to calculate NDVI, an index 

of vegetation abundance. These months were chosen to 

maximize the ability to distinguish agricultural land from 

natural vegetative covers. A significant proportion of noises 

were normalized by converting the digital number (DN) to 

at-satellite reflectance value. The DNs of NIR and RED 

bands for Landsat-8 were converted into reflectance by the 

following equation: 

”‗=
”‗ᴂ

sin —
                  (8) 

where, 

”‗ is true top of atmosphere (TOA) planetary reflectance, 

”‗ᴂ is TOA planetary spectral reflectance, and 

— is solar elevation angle (in Radians). 

”‗ᴂ is obtained by the following formula: 

”‗ᴂ= ὓὴz ὗὧὥὰ+ ὃὴ 
where, 

Mp is reflectance multiplicative scaling factor for the 

band, 

Qcal is level one pixel value in DN, and 

Ap is reflectance additive scaling factor for the band. 

The spectral reflectance of NIR and RED bands were used 

to calculate NDVI for each image with the following 

equation:  

ὔὈὠὍ=
ὔὍὙ ὙὉὈ

ὙὉὈ+ὔὍὙ 
              (9) 

NDVI values were used to calculate C factor that is the 
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average value of the time series of NDVIs of 5 times in 

January, April, June, September and December of year 2018 

(Figure 6) following the equation suggested by Durigon et al 

(2014) [39]:  

ὅ=
ὔὈὠὍ+ 1

2
              (10) 

Table 1.  Landsat imageries data 

Landsat-8 Imageries Data acquired 
Resolution 

(in m) 

LC08_L1TP_170051_20180111 
11 January 

2018 

30 x 30, 

Panchromatic 

15x15 

LC08_L1TP_170051_20180417 17 April  2018 

LC08_L1TP_170051_20180620 20 June 2018 

LC08_L1TP_170051_20180924 24 Sept. 2018 

LC08_L1TP_170051_20181213 13 Dec. 2018 

Landsat-7 ETM+ Imagery  

EPP170R051_7F20000127 
27 January 

2000 

 

Figure 6.  Average Normalized Difference Vegetation Index (NDVI)  for 

Megech River catchment 

3.1.5 Support Practice Factor (P) 

The support practice factor (P) represents erosion 

prevention practices to reduce the amount of soil erosion. P 

is defined as the ratio of soil loss with support practices like 

contouring, strip cropping, or terracing to the soil loss with 

the practice of straight-row farming up and down the slope. 

If  there are no conservation practices, then the P-value 

should be 1.0. Determining the P-value is difficult  as it 

requires direct and long-term field observations of specific 

land use types and farming practices at several places in the 

catchment area that are time-consuming and involve high 

finances. However, in order to overcome the constraints of 

more time and money, the P-values can be derived from 

either image classifications using remote sensing data, 

previous studies, or even expert knowledge [40]. Many 

researchers use the information of slope inclination or 

farming practices to calculate P-values. In the present study, 

the P-value is determined by the slope based on land use map. 

The land use map of year 2018 was generated from the pan 

sharpened Landsat-8 image with a resolution of 15 m  

(Figure 7). The areas of various land use types were given in 

Table 2. Inseparability of contiguous land features result in 

poor accuracy in unsupervised and supervised classifications 

due to spectral and spatial resemblances in VIS and NIR 

bands. Thus, spectral response of different surface features 

from all bands of Landsat image was analyzed. In addition, 

the Google earth data were used to confirm the type of land 

feature in generation of land use map. The researchers 

focused on identifying the land cover types in areas that 

presented problematic spectral signatures in the 

unsupervised classes (e.g., sparsely vegetated, lava flows, 

and emerging row crops). Table 3 shows the result of the 

accuracy and error matrix estimations for such land use 

classification. Figure 8 and Table 4 show various degrees of 

slope categories in the Megech catchment.  

 

Figure 7.  Land Cover and Land Use 
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Table 2.  Area of land use type 

Land use Type Area (ha) Area (%)  

Built-up, Impervious rock 10867 13.4 

Barren land 22662 28.0 

Grass land 20471 25.3 

Crop fields, Perennial cash crops 15085 18.6 

Plantation, Shrub 8096 10.0 

Dense forest 2480 3.1 

Water 1270 1.6 

 

 

 

 

 

 

 

 

Table 3.  Accuracy and error matrix estimations 

Class Name 
Barren 

land 

Built -up & 

Impervious 
Cropland 

Dense 

Forest 
Grassland 

Plantation/ 

Shrub 
Water 

Grand 

Total 

Classified 

Totals 

(%) 

Number 

Correct 

(%) 

Users 

Accuracy 

(%) 

Barren land 10 
   

1 1 
 

12 83 100 83.33 

Built -up &  Impervious 26 
     

26 100 81.5 100 

Cropland 
  

1 
    

1 100 100 100 

Dense Forest 
 

1 
 

1 
   

2 84 89 50 

Grassland 
   

1 2 
  

3 86.5 79.5 67 

Plantation/Shrub 2 
   

1 
 

3 78 69.5 83 

Water 
 

2 
    

1 3 100 85.5 89 

Grand Total 10 31 1 2 3 2 1 50 
   

Producers 

Accuracy % 
100 83.87 100 50 66.67 50 100 

    

Total reference 42 
          

Overall 

Classification 

Accuracy (%) 

85 
          

Overall Kappa 

Statistics 
0.81 

          

 

 

 

Figure 8.  Slope in the Megech River Catchment 

Table 4.  Area of various degree of slope categories in the catchment area 

Slope (degree) Terminology Area (%) 

0 ī3 Near level ï Very gentle slope 9.7 

3 ī5 Gentle slope 34.5 

5ī8.5 Moderate slope 43.0 

8.5 ī24 Strong ï Very strong slope 11.1 

24 ī 45 Extreme ï Steep slope 2.1 

> 45 Very steep slope 0.1 

3.1.6. Stream Power Index (SPI) 

SPI is a measure of the erosive power of flowing water. 

SPI is calculated based upon slope gradient and contributing 

area [41]. As catchment area and slope gradient increase, the 

amount of water contributed by upslope areas and the 

velocity of water flow increase, and hence the SPI and the 

erosion risk increase. SPI can be used to describe the 

potential flow erosion at the given point of the topographic 

surface and approximate the locations where gullies are most 

likely to form, and to identify suitable locations for soil 

conservation measures to reduce the effect of concentrated 

surface runoff. High SPI values represent locations 

vulnerability to gully erosion on the landscape where very 


