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A B S T R A C T   

Soil erosion across watersheds and river basins is an alarming environmental deterioration pro-
cess that poses severe risks to hydrological systems, hydrogeochemical processes, agricultural 
productivity, and the global natural ecosystem. The use of the Analytical Hierarchy Process (AHP) 
and Geographical Information System (GIS) to assess soil erosivity for the watershed is widely 
known. This study applied the AHP and GIS to understand the degree of erosivity of the hilly 
Karnaphuli watershed in Chattogram, Bangladesh. The study used topographical maps, soil maps, 
and satellite imagery datasets. It implemented the GIS-based AHP and weighted overlay tech-
nique to derive eight factors (slope, elevation, Stream Power Index (SPI), Land Use and Land 
Cover (LULC), curvature, soil, Topographic Wetness Index (TWI), and rainfall. The geological 
stage of erosion potential was also identified using Digital Elevation Model (DEM) data through 
GIS-based hypsometric analysis. The findings demonstrated that the eastern and north-western 
parts are particularly vulnerable to erosion compared to other parts of the study area. The 
most dominant variables identified to influence the process of soil erosion are slope, LULC, 
elevation, and SPI. According to the AHP analysis, slope was the most influential factor (26%), 
followed by LULC (23.8%), elevation (20.3%), and SPI (13.9%) in the soil erosion process, and 
the geological stage of erosion potential was determined from the hypsometric curve (S-shaped) 
and hypsometric integral (0.49), which revealed that moderately eroded areas characterized the 
whole research region. The findings are significant as they provide valuable information for re-
searchers and planners to address soil erosion and develop measures to control it effectively.   

1. Introduction 

Soil erosion is a severe problem that occurs worldwide and has a wide range of negative consequences in addition to the unavoidable 
off-site effects such as silt accumulation, eutrophication of watercourses, and the rise in the severity of floods. These include land 
degradation and soil fertility loss [1,2]. The power of water or wind disperses the soil particles, which might get eroded when carried 
and dumped elsewhere. Additionally, erosion happens when soil aggregates are broken apart by irrigation or precipitation [3]. In 
agriculture, the process of topsoil loss brought on by water agents is referred to as soil erosion. This widespread issue affects distinct 
regional landforms [4]. Water flow-induced erosion is a natural occurrence that affects the ecosystem and the soil’s biological, 
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physical, and chemical characteristics. It depletes soil fertility, contaminates streams, and overflows reservoirs [5]. Soil erosion is a 
significant ecological concern with global implications due to the depletion of nutrients and other essential supplements found in 
topsoil [6]. Asia exhibits a significantly high erosion rate, averaging 74 tons per acre annually, positioning it among the regions with 
Earth’s most pronounced erosion levels [7]. 

In basin studies, boundaries, drainage systems, and morphometric features may be extracted using various methods and meth-
odologies. Though some investigators use traditional procedures to assist their investigations, such as topographical maps and field 
surveys, others favor more contemporary approaches, such as remote sensing techniques, digital surface models (DSMs) created by 
GIS, and DEMs and digital surface models (DSMs) [8,9]. Because of availability and simplicity of operation, satellite-based DEMs are 
now widely used in such studies. The Advanced Space-borne Thermal Emission and Reflection Radiometer (ASTER), the SRTM with 90 
m and 30 m, the Advanced Land Observing Satellite (ALOS), and the Panchromatic Remote-sensing Instrument for Stereo Mapping 
(PRISM) − 30 m have all enhanced resolutions that are now freely available. Therefore, Digital Elevation Models (DEM) and Digital 
Surface Models (DSM) are advanced techniques that precisely calculate characteristics. The utilization of GIS and image processing 
techniques enables the identification and characterization of the basin’s physical attributes and drainage patterns. 

Consequently, the application of remote sensing data in this context proves significantly advantageous [10]. The inhabitants living 
in erosion-prone locations are significantly impacted by Bangladesh’s dynamic river morphology and unexpected erosion processes 
[11]. The fluctuations of the river flow pattern and slope variability in mountainous areas cause the loss of soil structure, which leads to 
soil erosion naturally in Bangladesh’s river basins. Aside from dry, semi-humid, and semi-arid regions, rivers that start in mountainous 
regions are particularly vulnerable to soil erosion [12,13]. The Karnaphuli River, which originates in the Lushai highlands of the Indian 
state of Mizoram, is the principal river in the Chattogram district of Bangladesh. Due to its immense ecological and economic sig-
nificance, it is known as the “Life Line Chattogram” and finally joins the Bay of Bengal near the Chattogram seaport. The river is around 
116 km long and through the southeastern part of Bangladesh [14]. It has around 100 tributaries, of which two-thirds are in 
Bangladesh, and the River Karnaphuli’s downstream exhibits typical estuarine features [15]. The downstream portion of the river 
Karnaphuli has typical estuarine characteristics. The river has a significant role in the Kaptai Hydroelectric Power Plant and Ban-
gladesh’s economy. 

This study aims to create and evaluate a multi-criteria integrated strategy for erosivity mapping using AHP, encompassing data 
from spatial analysis using GIS and statistical analysis. This study was also carried out to assess the erosion status of the Karnaphuli 
River basin by analyzing morphometric and topographic characteristics of the watershed that can be useful to understand the 
morphological changes and denudational processes and help to take soil and water protection measures. In basin morphometric 
research, DEMs have frequently been employed. The ability of DEMs to display surface topographical features depends on their spatial 
resolution [16]. Obtaining high-resolution digital elevation models (DEMs) allows for a more extensive collection of topographic data, 
offering greater detail and comprehensive information [17]. The literature review shows that the previous study was carried out to 
assess the causes of erosion, its impacts on local communities, and mitigation strategies for erosion and soil pollution problems in the 
study area of Bangladesh [18–21]. The current study tried to obtain the following specific objectives to fill these gaps. 

Fig. 1. a) Study area on Bangladesh map, b) Location of Karnaphuli Watershed.  
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1. to explore the stage of geomorphic evolution and geological development of the Karnaphuli Watershed through hypsometric 
analysis,  

2. to assess the erosion potentiality of the Karnaphuli Watershed and  
3. To identify the areas vulnerable to soil erosion using AHP. 

2. Study area 

In the Chattogram hill tracts, the Karnaphuli River is one of the largest and most significant rivers. The river has a catchment area of 
around 11,000 sq. km and rises in the Lushai Hills of Mizoram, India [22]. At Rangamati in Bangladesh, the river runs over 180 km of 
hilly wilderness before passing through Chattogram, a port city, for about 170 km and then empties into the Bay of Bengal. 
Geologically, the entire river basin comprises tertiary rocks that serve as a substratum for alluvial deposits coated in mud and sand 
layers [23]. One of the most significant estuaries in Bangladesh is the Karnaphuli River Estuary, which lies close to Patenga in 
Chattogram City between latitude 22◦53′ and longitude 91◦47′E. Semidiurnal tides characterize the estuary with a 2–4 m variation and 
an average 8–10 m channel depth in the exterior zone [24]. Environmental characteristics in the Karnaphuli estuary change peri-
odically due to the strong effect of the Indian monsoon [25]. The given Fig. 1(a and b) shows the study area. 

3. Materials and methods 

3.1. Data collection and processing 

Planning and investigating the effects of numerous erosion-causing factors is necessary to predict soil erosion susceptibility [26] 
effectively. Different types and sources of data, including soil data, digital elevation models, and satellite data, were employed in the 
current study. The fundamental datasets utilized are the Shuttle Radar Topographic Mission (SRTM) Digital Elevation Model (DEM) 
and satellite images from the USGS Earth Explorer data portal, accessed on February 15, 2023 (https://earthexplorer.usgs.gov). Data 
on land cover (ESA Sentinel-2 imagery at 10 m resolution) was acquired on the same date from the Esri Sentinel-2 Land Cover Explorer 
website. The study area was extracted from these datasets of the FAO Digital Soil Map of the World (DSMW). 

Fig. 2. Soil Erosion susceptibility assessment flowchart.  
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3.2. Preparing the thematic maps 

Fig. 2 shows the flowchart of making the soil erosivity map. The layout of slope, curvature, and elevation map thematic layers in 
GIS has been done using the natural break approach. A thematic layer of a land cover and soil map was created using Esri Sentinel-2 
Land Cover and FAO-published soil data for this research. The STRM-based DEM was used to create TWI and SPI maps using ArcSWAT 
and Hydrology tools (Table 1). 

3.3. Determination of weights by the AHP procedure 

AHP analysis consists of three steps.  

• identification of a hierarchy of objectives, criteria, and alternatives  
• pairwise comparison of criteria  
• integration with the result from pairwise comparison as relative importance in overall hierarchy levels 

This strategy begins by assimilating the decomposition of decision-making concerns into a series of significant criteria and options. 
AHP assigns preference ratings based on the relative weight of each component to determine relative relevance concerning the target 
[35]. The following phase, which is comparably a superior method for assessing priorities from an uncertain pairwise evaluation 
matrix, specifies the weights assigned to each factor’s priorities by the construction of a normalized eigenvector. To help determine 
weights, the sum of the values in each column of the pairwise comparison matrix is divided by the sum of the values in the constant 
factors’ factors’ column. The mean value of each row makes up the matrix’s principal eigenvector. When this network is organized 
randomly, there may be some degree of irregularity [36]. The crucial parameters with their intensities are shown in Table 2. 

The pairwise parameter in Table 2 was assigned a scale. To ensure the reliability of the assessment in this study, the consistency of 
the findings was evaluated and confirmed using the consistency ratio (CR) (Equation (1)) and consistency index (CI) (Equation (2) &3) 
[37]. These measures assess the level of consistency in the obtained results. 

CR=
CI
RI

× 100%, (1)  

CI=
λmax − n

n − 1
, (2)  

λmax =
∑n

i=1
Xi,j × Wi,j, (3) 

The consistency ratio’s value determines a variable’s inclusion or exclusion from research. It is recommended that CR’s numerical 
value not exceed 0.1 [38]. It should fall within the range of 0.1 or less. The output parameter (CI) displays how consistently one’s 
judgment holds up. In this case, the largest eigenvalue is "λmax," and “n" denotes the matrix’s order [39]. The RI, Pairwise comparison 
matrix and weights of multi criteria are given in Tables 3 and 4. 

Table 1 
Parameters, Sources, techniques, and references used to create thematic maps.  

Parameters Source Techniques References 

Slope SRTM DEM 
https://earthexplorer.usgs.gov/ 

Tan θ 
N × i
636.6 

N = no of contour cutting; 
i = contour interval 

[27] 

Elevation SRTM DEM 
https://earthexplorer.usgs.gov/ 

30 m × 30 m digital elevation model [28] 

Land use/land cover Sentinel-2 10 m Land Use/Land Cover 
https://livingatlas.arcgis.com/landcoverexplorer/ 

Maximum likelihood [29] 

SPI SRTM DEM 
https://earthexplorer.usgs.gov/ 

SPI = (AS × tan β) 
AS = specific catchment area (m2/m), 
β = slope gradient (◦). 

[30] 

Curvature SRTM DEM 
https://earthexplorer.usgs.gov/ 

K =
⃦
⃦dT

ds
⃦
⃦ [31] 

Soil FAO Digital Soil Map of the World (DSMW) https://www.fao.org/soils-portal/ 
data 

Proximity analysis [32] 

TWI SRTM DEM 
https://earthexplorer.usgs.gov/ 

TWI =
α

tan β 
α = local upslope area; 
tanβ = local slope 

[33] 

Rainfall NASA POWER Data Access Viewer 
https://power.larc.nasa.gov/data-access-viewer/ 

IDW Interpolation [34]  
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3.4. Morphometric analysis of Karnaphuli Watershed 

For morphometric analysis, hypsometric curve plotting and hypsometric integral estimation are crucial indications of watershed 
conditions [40]. Differences in the hypsometric curve and integral values correlate with the magnitude of instabilities in the equi-
librium of erosive and tectonic forces [41]. The geologic phases of watershed development are categorized by the geomorphological 
quantity known as the hypsometric integral. It is crucial for determining the level of erosion in a watershed and, as a result, aids in 
prioritizing watersheds when suggesting actions to save soil and water. In addition, the hypsometric integral shows the ‘cycle of 
erosion’ [42,43]. The time needed to decrease a land area to its base level—the lowest point streams might take if all other variables 
remained constant but time—is known as the “cycle of erosion.” This entire “cycle of erosion” can be broken down into three stages: (i) 
the fully stabilized watershed, or monadnock (old) (Hsi 0.3); (ii) the equilibrium or mature stage (Hsi 0.3 to Hsi 0.6); and (iii) the in 
equilibrium or young stage (Hsi >0.6), during which the watershed is exceptionally susceptible to erosion [43]. The residual landmass 
volume for the whole basin is related to the dimensionless hypsometric integral [44]. 

The hypsometric study focuses on the link between the elevation of watersheds in the dimensionless form and its horizontal cross- 
sectional area. Digital contour maps were employed to generate the information for relative area and elevation analyses. In order to 
create the hypsometric curve, the relative elevation (h/H) along the ordinate was plotted against the relative area (a/A) along the 
abscissa. 

Using the Elevation-Relief Ratio (E) Relationship, the Pike and Wilson (1971) elevation-relief ratio approach was applied. The 
relationship is expressed as (Equation (4)) 

E ∼ His =(Elevmean-Elevmin) / (Elevmax-Elevmin) (4) 

Where E is the elevation-relief ratio, which is equal to the hypsometric integral His; Elevmean is the weighted mean elevation of the 
watershed determined from the recognisable contours of the defined sub-watersheds; and Elevmin and Elevmax are the minimum and 
maximum elevations inside the watershed. 

4. Results 

Results of this research are described in terms of the following sub-headings: hypsometric Curve and integral, description of input 
parameters/soil erosion influencing parameters, multi-criteria contribution to soil erosion susceptibility and pairwise comparison 
matrix. 

4.1. Hypsometric curve and integral 

By using the Soil and Water Assessment Tool (SWAT) in an ArcGIS environment, it was possible to estimate the indirect state of 
erosion throughout the Karnaphuli watershed based on hypsometric integral value. The final calculation was completed in an Excel 
sheet to provide the HI value and HC curve. Table 5 shows the Hypsometric integral value and geological stage of the study area. 

The investigation revealed that the watershed’s HI value (0.49) indicated that the basin was mature and that the HC was an S- 
shaped curve (Fig. 3), indicating that moderately eroded areas characterized the study region. 

4.2. Description of input parameters/soil erosion influencing parameters 

A Digital Elevation Model (DEM) represents the Earth’s bare ground (bare Earth) topographic surface, excluding trees, buildings, 
and any other surface objects. DEMs are created from a variety of sources. USGS DEMs used to be derived primarily from topographic 
maps. Slope, elevation, curvature, stream power index (SPI), and topographic wetness index (TWI) are the extracted parameters from 
DEMs used in this study. 

Table 2 
The continuous rating scale for AHP evaluation [37].  

Intensity of importance Definition Explanation 

1 Equal importance The objective is equally controlled by two variables. 
3 Somewhat more important One variable is slightly preferred than the other 
5 Much more important One variable is very highly preferred over the other. 
7 Very much more important Very highly significance over other in practice. 
9 Absolutely more important The strongest potential validity may be found in the evidence supporting one over the other 
2,4,6,8 Intermediate values When a deal must be made.  

Table 3 
Random Index (RI) values for the corresponding number of criteria/alternatives.  

Size 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49  
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Table 4 
Pairwise comparison matrix.  

Factors Slope Elevation LULC SPI Curvature Soil TWI Rainfall Weights 

Slope 1 1 2 3 4 5 9 7 0.255 
Elevation 1 1 1 2 4 3 7 9 0.206 
LULC 0.5 1 1 3 5 7 8 9 0.231 
SPI 0.33 0.5 0.33 1 3 5 7 9 0.141 
Curvature 0.25 0.25 0.2 0.33 1 3 3 5 0.071 
Soil 0.2 0.33 0.14 0.2 0.33 1 3 5 0.053 
TWI 0.11 0.14 0.12 0.14 0.33 0.33 1 1 0.022 
Rainfall 0.14 0.11 0.11 0.11 0.2 0.2 1 1 0.021 

Consistency Ratio (C.R) = 0.54. 

Table 5 
Hypsometric integral value and geological stage.  

Watershed Area in Sq. Km. Slope(O) Elevation(m) Hypsometric integral 
(HI) 

Geological stage  

Maximum Minimum Mean Maximum Minimum Mean 0.49 Mature 
Karnaphuli 3058.33 67.92416 0 12.446 546 − 37 240.581  

Fig. 3. Hiposometric curve of Karnaphuli watershed.  

Fig. 4. a) Slope map, b) Reclassified Slope map.  
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4.2.1. Slope map 
A critical factor in preventing erosion is the slope gradient. Steeper slopes are more likely to experience soil erosion, a well-known 

phenomenon [45]. The steeper slope accelerates the flow of the surface, causing more soil erosion [46]. The contour cross-section and 
contour break calculated the slope factor. The slope’s steepness and length influence both runoff and soil erosion. The slope’s form is 
another aspect of the slope that influences erosion. The digital elevation model (DEM) in raster format was utilized to generate the 
slope map by applying the Hydrology tool of ArcGIS 10.5 version. The slope class map was given, as shown in Table 5 and Fig. 4a and b, 
indicating its propensity for soil erosion. 

4.2.2. Elevation map 
The rate of erosion is significantly influenced by elevation due to its impact on various factors such as soil moisture, water balance, 

erosional and depositional processes, soil organic matter, biomass, and the production of cultivated crops and natural vegetation [4]. 
After being categorized, the elevation layer derived from the SRTM DEM was used in the overlay analysis to map locations susceptible 
to soil erosion in the study basin (Fig. 5a and b). 

4.2.3. Land use land cover map 
The geological stability of the slope is significantly impacted by land cover, which causes erosion [47] distinct land coverings 

exhibit distinct tendencies toward erosion depending on the size and pattern of the area covered. In this investigation, Esri Sentinel-2 
Land Cover statistics were employed. That dataset was retrieved on February 15, 2023, and created using 10 m resolution ESA 
Sentinel-2 images. The most significant land cover types were divided into five groups based on the specific cover type: dense veg-
etation/natural forest, cropland, grassland, built-up area, and water bodies. The five categories of land cover types were categorized 
based on the vulnerability of each land use to soil erosion and the kind of each land use. Fig. 6 shows that LC consists of crops in the 
sloping valley, barren regions, grassland, natural trees, thick vegetation, built-up areas, and water bodies (Fig. 6a and b). Much land 
has high slope gradients, which significantly adds to erosion. The AHP approach also shows that soil erosion is affected by the 
combination of land use with elevation, slope, or curvature. 

4.2.4. Stream power index (SPI) map 
The SPI, which represents the erosive strength of the flowing water by assuming that the discharge is proportionate to the particular 

catchment area and slope, was another aspect taken into account to map regions prone to soil erosion in the watershed [24,28]. The 
stream power index (SPI) assessment is crucial for assessing the potential of a soil erosion location. Erosion might be brought on by 
overland flow [30,48]. The high SPI potentiality indicates the high energy of overland flow, which caused sediment entertainment, 
resulting in a higher degree of soil erosion [15]. The SPI is a metric used to quantify the erosion caused by hill downflow, supposing 
that discharge is proportionate to the particular catchment area [49]. According to their vulnerability to erosion, the five SPI groups 
were classified in Fig. 7a and b. According to researchers’ and experts’ expertise, the more excellent range of SPI has been given 
priority over the lower range of SPI when it comes to soil erosion. The empirical Equation (5) for SPI is given below; 

SPI =(AS × tan β) (5) 

Here.Where, AS = specific catchment area (m2/m), β = slope gradient (◦). 

4.2.5. Curvature map 
The degree to which a curve strays from a straight line is called its curvature. It affects the convergence and divergence processes 

that result in the slope’s downward flow [50]. The curvature of hillslope processes can significantly influence watershed form and 

Fig. 5. a) Elevation map, b) Reclassified elevation map.  
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Fig. 6. a) LULC map, b) Reclassified LULC map.  

Fig. 7. a) SPI map, b) Reclassified SPI map.  

Fig. 8. a) Curvature map b) Reclassified curvature map.  
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Table 6 
Multi-criteria contribution to soil erosion susceptibility.  

Soil Erosion Susceptibility Class Area Coverage (km2) and Percentage (%) 

Slope Elevation LULC SPI Curvature Soil TWI Rainfall 

km2 % km2 % km2 % km2 % km2 % km2 % km2 % km2 % 

Very low 1491.15 48.76 2550.13 83.38 66.83 2.19 1146.93 37.50 116.08 3.79 – 1585.85 51.85 63.568451 2.08 
Low 786.80 25.73 429.46 14.04 524.85 17.16 323.33 10.57 517.68 16.93 825.55 1042.18 1042.18 34.08 361.727635 11.83 
Moderate 492.29 16.09 56.76 1.86 68.36 2.24 849.09 27.76 1521.62 49.75 36.35 387.21 387.21 12.66 788.944994 25.80 
High 228.23 7.46 20.0 0.66 609.40 19.93 596.51 19.51 733.29 23.98 2176 37.88 37.88 1.24 1393.26 45.56 
Very high 59.86 1.96 1.98 0.07 1788.12 58.48 142.47 4.66 169.66 5.55 – 5.21 0.17 450.71 14.73  
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stream density. The grade of the hill slope, plan curvature, and profile curvature affect the landform features’ susceptibility to erosion. 
The curvature of the research area is depicted in Fig. 8a and b and ranges from low (− 13.82) to high (+14.44). Water impacts the 
surface with great force in highly curved sections, accelerating erosion [48]. Low, medium, and high curvatures are present in the 
research region and influence the rate of soil erosion. 

4.2.6. Soil factor map 
The characteristics of soil are also considered significant contributors to soil erosion. The soil types influence the land management 

and land use techniques in a particular location. The physical and chemical properties of soil directly influence soil erosion suscep-
tibility [51]. The soil layer was collected and converted to raster format from the FAO global soil map, where our research region is 
located. Based on the physical qualities of the soil (texture and structure) presented in Table 8 and erosion sensitivity traits, the 
sensitivity of the soil to erosion was determined (Table 6). In the research region, there were three main types of soil. These significant 
soil types were classed according to their susceptibility to soil erosion (Fig. 9a and b). 

4.2.7. Topographic wetness index (TWI) map 
The TWI, also known as the compound topographic index (CTI), was an essential factor considered for mapping erosion hotspot 

locations. This variable is a proxy for soil moisture conditions in the catchment, including soil moisture content, water accumulation, 
and soil moisture content [52]. It explains the impacts of topography, mapping drainage, soil type, soil infiltration, crop or plant 
distribution, and soil’s chemical and physical qualities. It is also helpful for distributed hydrological modeling. Additionally, it is 
crucial for planning and managing land use [53], managing watersheds, and evaluating soil and land for sustainable usage [54]. The 
formula was used to extract TWI from the DEM and compute it by Beven and Kirkby (1979). Higher TWI values correspond to 
watershed depressions, while lower values correspond to crests and ridges. The TWI map of the study area showed in Fig. 10a and b. 

4.2.8. Rainfall map 
Rainfall is a crucial determinant in soil erosion since it is responsible for raindrops’ impact and ability to transport soil particles 

Table 7 
Scale value assigned to different thematic layers as per the soil erosion severity.  

Sl. No. Thematic layers Classes Scale value Soil severity 

1 Slope(◦) 0–5 1 Very low 
5–10 2 Low 
10–15 3 Moderate 
15–20 4 High 
>20 5 Very high 

2 Elevation(m) − 37–31 1 Very low 
31–72 2 Low 
72–140 3 Moderate 
140–255 4 High 
255–546 5 Very high 

3 LULC Water-bodies 1 Very low 
Built-up area 2 Low 
Bare land 3 Moderate 
Crop land 4 High 
Dense Vegetation 5 Very high 

4 SPI − 13.82–− 7.28 1 Very low 
− 7.28–− 3.40 2 Low 
− 3.40–− 0.96 3 Moderate 
− 0.96–1.92 4 High 
1.92–14.44 5 Very high 

5 Curvature − 10.73–− 0.66 1 Very low 
− 0.66–− 0.19 2 Low 
− 0.19–0.12 3 Moderate 
0.12–0.59 4 High 
0.59–9.32 5 Very high 

6 Soil Ge-Eutric Gleysols 2 Low 
Af-Ferric Acrisols 3 Moderate 
Bd- Dystric Cambisols 4 High 

7 TWI 2.47–6.33 1 Very low 
6.33–8.49 2 Low 
8.49–11.09 3 Moderate 
11.09–14.68 4 High 
14.68–25.36 5 Very high 

8 Rainfall 4208.59–4277.59 1 Very low 
4277.59–4346.59 2 Low 
4346.59–4415.59 3 Moderate 
4415.59–4484.59 4 High 
4484.59–4553.59 5 Very high  
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downslope [55]. The rainfall data for the years (2021–2022) was collected from the NASA POWER Data Access viewer. In this research, 
the rainfall map (Fig. 11a and b) has been produced using the IDW interpolation method in the ArcGIS environment. 

5. Discussions 

This research is described in terms of the following sub-headings: soil erosion susceptibility (SES); impact of slope, elevation, LULC, 
SPI, Curvature, Soil, TWI, and rainfall; mapping of soil erosion susceptibility (SES) and validation of potential soil erosion risk. The 
assigned scale values were presented in Table 7. 

5.1. Soil erosion susceptibility (SES) 

As previously indicated, pairwise comparisons are made in AHP before the standard AHP technique is used to determine the 
relative weights for each element, as shown in Table 4. Local expertise in the subject area and the body of published literature served as 
the foundation for the pairwise rankings. Equation (6) produced the results that are shown below for the pixel-based soil erosion 
severity calculation; 

Table 8 
Soil properties using for erosion simulation.  

Soil unit symbol sand % topsoil (mS) silt % topsoil 
(msilt) 

clay % topsoil 
(mc) 

OC % topsoil 
(org) 

fcsand fcl_si forgc fhisand K factor 

AF 61.7 14.4 23.9 0.91 0.200 0.746 0.994 0.990 0.147 
BD 32.7 30.3 37.1 3.28 0.201 0.787 0.974 1.000 0.154 
GE 42.8 20.4 36.8 1.3 0.200 0.734 0.985 1.000 0.1451  

Fig. 9. a) Soil map, b) Reclassified soil map.  

Fig. 10. a) TWI map, b) Reclassified TWI map.  
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SES= Slope × 0.302028748 + Elevation × 0.186124204 + Curvature × 0.092651871 + LULC × 0.169100866 + Soil × 0.090463053

+ Rainfall × 0.027063267 + SPI × 0.104360057 + TWI × 0.028207932
(6)  

5.2. Impact of slope on erosion 

The slope gradient is one of the most important aspects that affect soil erosion on the Earth’s surface, as was previously discussed in 
this study. According to the reclassified slope map (Fig. 4b; Table 6), soil erosion is a problem in 59.86 km2 (1.96%) of the land use, 
228.23 km2 (7.46%) of the land use, 492.29 km2 (16.09%) of the land use, 786.80 km2 (25.73%) of the land use, and 1491.15 km2 

(48.76%) of the land use. 

5.3. Impact of elevation on erosion 

An further factor that affects how plants are distributed and how their morphology, physiology, and development are regulated in 
the microsite is elevation [49]. A raster-formatted elevation map was produced using the DEM. According to the newly reclassified 
elevation map (Fig. 5b), soil erosion is a problem in 1.98 km2 (0.06%) of the land use, 20.0 km2 (0.66%), 56.76 km2 (1.86%), 429.46 
km2 (14.04%), and 2550.13 km2 (83.38%) of the land use (Table 5). 

5.4. Impact of land use land cover on soil erosion 

Percentage distribution of land use/cover and sensitive to erosion classes in Karnaphuli Watershed presented in Table 6. The 
reclassified land use map (Fig. 6b) indicated that 1788.124476 km2 (58.48%) of the land use is very high sensitive; 609.398136 km2 

(19.93%) highly sensitive; 68.355363 km2 (2.24%) moderate sensitive; 524.853011 km2 (17.16%) low sensitive and 66.830426 km2 

(2.19%) very low sensitive to soil erosion. 

5.5. Impact of SPI on soil erosion 

It is calculated using map algebra and Equation (5) in the GIS environment utilizing the DEM data. According to the reclassified SPI 
map (Fig. 7b and Table 6), 142.47 km2 (4.66%) of the area is very susceptible to soil erosion, followed by 596.51 km2 (19.51%), 
849.09 km2 (27.76%), 323.33 km2 (10.57%), low susceptible, and 1146.93 km2 (37.5%). 

5.6. Impact of curvature on erosion 

The equation used to determine the curvature is a problematic terrain derivative, and it depends on the accuracy of the input data. 
The curvature tool determines the second value from the input surface cell-by-cell. Because profile curvature impacts the flow’s ac-
celeration and deceleration and, consequently, its erosional and depositional processes, it was employed in this study to correlate with 
other parameters. The curvature of the surface in the gradient’s direction is measured by profile curvature. The data obtained using the 
Curvature tool can be better understood and interpreted by visualizing contours on a raster. The importance of profile curvature was 
demonstrated in (Table 6 and Fig. 8). According to the reclassified profile curvature map (Figs. 8b), 169.66 km2 (5.55%) of the study 
area’s land use is very susceptible to soil erosion, followed by 733.29 km2 (23.98%), 1521.62 km2 (49.75%), 517.68 km2 (16.93%), 
low susceptible, and 116.08 km2 (3.79%). 

Fig. 11. (a)Annual Rainfall map and, (b) Reclassified rainfall intensity map.  
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5.7. Impact of soil type on erosion 

Some soil characteristics that are linked to erosion can be used to evaluate the erodibility of a given soil [55]. Because stable soil 
aggregates can effectively withstand the pounding action of rain and may protect soils even when runoff occurs, soil loss is connected 
to both erosivity and erodibility as well as erosivity [56]. Based on K value, there are four different categories of soil erodibility: very 
high, high, moderate, and low [57]. These categories are: 0.35–0.45, 0.25–0.35, 0.25–0.35, and 0.2 [29]. Although extremely fine sand 
and silt levels are favourably connected with soil loss, clay content is adversely correlated with soil loss [58,59]. The soil properties for 
soil erosion simulations are given in Table 8. 

5.8. Impact of TWI on erosion 

The TWI predicts soil depth and the steady-state moisture index, making it a surface parameter for measuring soil erosion [60]. 
According to the TWI map that has been reclassified (Fig. 10 and Table 5), 5.21 km2 (0.17%) of the region is extremely sensitive, 37.88 
km2 (1.24%) is highly susceptible, 387 km2 (12.66%) is medium susceptible, 1042 km2 (34.08%) is low susceptible, and 1585 km2 

(51.85%) is highly susceptible. soil erosion prone to a great extent. The findings showed that regions with high erosion rates are 
connected to lower TWI. In the current study, higher levels of erosion can be linked to plant cover in regions with lower TWI. 

5.9. Impact of rainfall on soil erosion 

The magnitude of precipitation has a notable influence on the process of soil erosion, contingent upon factors such as the specific 
type of precipitation, its duration, and the degree of intensity experienced within a given season or year [61]. The spatial distribution 
of annual rainfall map is classified into five classes such as (4208.59–4277.59) mm/year, (4277.59–4346.59) mm/year, 
(4346.59–4415.59) mm/year, (4415.59–4484.59) mm/year and (4484.59–4553.59) mm/year (Fig. 11). 

5.10. Mapping of soil erosion susceptibility (SES) 

Based on the methodology designed to map the soil erosion hot spots, all selected factors were superimposed to map the area 
susceptible to erosion as very high, high, medium, low, and very low. Allowing to the overall suitability score directed as; 0.0888km2 
(0.003%), 137.8921km2 (4.561%), 1249.655km2 (41.339%), 1618.627km2 (53.545%) and 16.694 km2 (0.552%) areas are very 
high, high, medium, low and very low prone to soil erosion respectively (Fig. 12; Table 9). The highly susceptible soil erosion areas 
were concentrated mainly in the east and west parts of the basin. Based on this result, it is important to facilitate planning and 
involvement to reduce soil erosion problems in the watershed. Therefore, this study has designed a roadmap for multi-criteria decision- 
makers to bring sustainable development into the study area development into the study area. 

5.11. Validation of potential soil erosion risk 

Accuracy assessment/validation is an essential part of any mapping project. However, there is yet to be a specific method that can 
validate the soil vulnerability mapping strategy. Despite this, the location-based vulnerability maps were evaluated using a qualitative 
validation approach [64]. Personal observation, expertise opinions, and previous records were employed to assess the accuracy of soil 
erosion susceptibility mapping. Besides, 100 randomly located points in the study area as ground truth data to visually validate the 
produced soil erosion susceptibility map (Fig. 13). 

Fig. 12. Soil erosion severity map of the Karnaphuli river basin.  
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6. Conclusion 

In this study, the AHP technique integrated within the GIS environment was utilized to map potential erosion, its spatial pattern, 
and the influence of several parameters in the Karnaphuli watershed located in the district Chattogram of Bangladesh. The prime 
objective of the erosion risk map was to map erosion soil hotspot areas in the Karnaphuli watershed which was created by taking into 
account seven significant factors, including slope, stream power index, topographic wetness index, elevation, soil, curvature, and land 
use land cover. 

There are several techniques to enhance the evaluation of water and soil resources with the help of GIS and the analytical hierarchy 
process (AHP). In order to improve the prioritizing of watershed regions for better management decisions, this research integrated a 
qualitative approach with AHP and GIS tools for mapping erosion potential. As a result of this concept, watershed managers now have a 
simple way to map erosion potential and prioritize control zones, which will help them allocate resources more effectively and effi-
ciently for watershed management. According to the AHP results, slope, elevation, LULC, and SPI are highly important, indicating that 
the land area is vulnerable to soil erosion. This method resulted in a map that displayed major regions of probable erosion. The results 
show that slope is essential to degradation and soil erosion. Numerical weights are assigned to each parameter according to the hi-
erarchy of each factor. Due to a lack of resources and a limited timescale, land use, and land cover classification accuracy was 
accomplished by obtaining reference points from Google Earth images instead of the field survey. 

The research findings can help planners and policymakers make proper water and soil conservation decisions to reduce the 
problems of soil loss and depletion in the catchment area. Moreover, GIS and AHP of spatial susceptibility of soil loss can help to 
determine whether the soil conservation plan should be prioritized. 
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Table 9 
Area under the risk of soil erosion.  

No. Area in Sq. km Area (%) Risk 

1 16.693 0.552 Very low 
2 1618.626 53.544 Low 
3 1249.654 41.339 Moderate 
4 137.891 4.561 High 
5 0.088 0.003 Very high  

Fig. 13. ROC curve for validation of soil erosion potential risk.  
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