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Abstract 
Gully erosion is one of the major challenges faced in the southern part of Nigeria. This research aims to 
map gully erosion invested areas within Etsako West Local Government Area of Edo State and further 
produce the susceptibility map. The methodology entails the acquisition of Geo-environmental datasets 
using cloud-free high-resolution satellite images, SRTM DEM data and FAO soil data which aid in 
gully erosion analysis such as slope aspect, slope degree, slope-length (LS), topographic wetness index 
(TWI), plan curvature, profile curvature, soil texture, stream power index (SPI), altitude. These 
derivatives were selected for further analysis to produce the various maps. Multi-criteria decision-
making and statistical methods, such as frequency ratio (FR) were utilized during data analysis to 
investigate the spatial correlation between gully erosion and each of the listed factors. The results 
obtained showed that soil texture and slope degree were the most important gully susceptibility factors. 
All the maps were created at the same scale of 1: 160,000 except for the susceptibility map that is 
produced on a scale of 1:180,000. The computation of the Area Under Curve (AUC) showed 76.47% 
which is practically reliable. The conclusion from the research demonstrates that the northern and 
southern parts of the study area are highly prone to gully erosion. It is therefore recommended that good 
drainage channels and tree planting be promoted to reduce the gully erosion influence across the 
settlements at risk. 
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INTRODUCTION 
Gully erosion is one of the most severe forms of soil degradation, characterized by the removal 
of surface soil and the formation of steep-sided channels due to concentrated surface runoff. 
It poses significant environmental, social, and economic challenges globally (Nearing et al. 
2017). The phenomenon not only reduces agricultural productivity but also threatens 
infrastructure, water quality, and biodiversity. Understanding the trends in gully erosion is 
crucial for developing effective management and mitigation strategies. 
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Gully erosion occurs when surface water runoff becomes concentrated into narrow channels, 
generating sufficient velocity and energy to detach and transport soil particles (Nearing et al. 
2017). This process intensifies as the flow deepens and widens the channels, eventually 
forming gullies that can significantly alter the landscape and contribute to land degradation 
(Ehiorobo, 2019). This process can lead to the formation of a waterfall, where the runoff gains 
energy as it descends over the gully head. The resulting splash back at the base of the gully 
head contributes to the erosion of subsoil, progressively advancing the gully up the slope 
(Ehiorobo and Izinyon, 2011; Kayode-Ojo et al., 2019). Gully erosion poses multifaceted 
environmental and socio-economic challenges, including desertification, flooding, 
agricultural decline, and water quality degradation. It also leads to soil nutrient loss, 
infrastructure damage, and biodiversity depletion. Effective mitigation demands strategic 
geographic targeting and sustainable land management practices. The urban degradation in 
Edo State intensifies gully erosion, primarily fueled by population influx and poorly designed 
drainage networks, notably in road construction (Nnah et al., 2024).  
 
The prevalence and severity of gully erosion vary across regions, largely influenced by 
climatic, topographic, land use, and soil factors. For instance, in arid and semi-arid regions, 
the phenomenon is exacerbated by intense seasonal rainfall and sparse vegetation cover 
(Poesen et al., 2003). Conversely, in humid and sub-humid regions, gully erosion often results 
from improper land management practices, such as deforestation and overgrazing 
(Vanmaercke et al., 2016). Recent studies showed the significant impact of climate change on 
soil erosion processes (Nearing et al., 2017). Wang et al. (2022), conducted a systematic review 
of 224 modeling studies, revealing a projected global increase in soil erosion towards the end 
of the 21st century, with semi-arid regions expected to experience the highest escalation. This 
trend is attributed to climate-induced alterations in rainfall patterns and intensities. However, 
their study also highlights that implementing soil conservation practices can entirely 
counteract these adverse effects, emphasizing the critical need for proactive soil management 
strategies in the face of climate change (Nyssen et al., 2011). 
 
In gully erosion studies, the concept of susceptibility is important because it represent the 
anticipated extent of harm under specific conditions of exposure, vulnerability, and resilience 
(Mahamba et al, 2023). Within the context of the Etsako West Local Government Area of Edo 
State, the pervasive issue of soil erosion manifests in severe consequences, including building 
destruction, property loss, and, tragically, fatalities. The formation of prominent gullies such 
as Ikabigbo Gully and Jattu Road Gully, among others, buttresses the severity of the problem 
that contributes so significantly to environmental degradation. 
 
Various studies conducted within the Edo State by Osayande et. al., (2019); Eseigbe and Ojeifo, 
(2012); Ehiorobo and Izinyon, (2011); Aderemi and Iyamu, (2013) reported the devastating 
effects of gully erosion, the havoc caused and the need for the adequate remedial measure. 
The region’s high susceptibility to gully erosion which significantly affects the local 
community, increase residents’ vulnerability. The visible and ongoing gully erosion not only 
poses immediate threats to infrastructure and livelihoods but also engenders long-term 
environmental degradation. 
 
Given the severe environmental and socio-economic impacts of gully erosion in Etsako West 
LGA, there is a critical need for a systematic approach to assess and predict erosion-prone 
areas. Geospatial mapping, through GIS and remote sensing techniques, provides an effective 
tool for analyzing susceptibility and guiding mitigation efforts. This study aims to assess gully 
erosion susceptibility in Etsako West LGA using geospatial techniques, identifying key factors 
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influencing erosion and producing a susceptibility map to aid in informed decision-making 
and land-use planning.
 
MATERIALS AND METHOD 
 
Study Area 
The study area, Etsako West, is one of the 18 Local Government Areas (LGAs) in Edo State, 
situated within Nigeria’s Niger Delta region. Geographically, Etsako West LGA lies between 
latitudes 6°46′59.297″N and 7°11′23.007″N, and longitudes 6°8′35.943″E and 6°28′18.389″E. The 
LGA shares boundaries with Akoko-Edo and Etsako East LGAs to the north, Etsako Central 
LGA to the east, Esan North-East, Esan Central, and Esan West LGAs to the south, and Owan 
West LGA to the west. The major towns in this LGA are: Afashio, Afowa, Agbede, Apana, 
Auchi, Ayaoghena, Ayogwiri, Ayua, Egbogio, Egho, Elele, Ibienafe, Idato, Ikabigbo, Ikholo, 
Imeke, Irekpai, Iyamho, Iyerekhu, Iyora, Iyuku, Jattu, Ogbido, Odighie, Sabo Iyakpi, Ubiane, 
Ugbhenor, Ughieda, Ughiole, Uluoke etc.This positioning highlights its strategic location 
within the region, influencing its physical, ecological, and socio-economic dynamics. Figure 1 
shows the map of the study area produced by the researchers. 

 

 
Figure 1: Map of the study area

 
Geological Setting  
Etsako West LGA is primarily situated under Miocene-Pleistocene sedimentary formations, 
with Lower Niger sedimentary rocks influencing its geomorphology and hydrological 
characteristics, especially in the eastern parts. The relief's irregular landscapes, which are 
characterized by steep-sided gullies and the "Oshibujie" topography encircled by the 
Samorika Hills and Kukuruku Hills to the north, increase the susceptibility of soil erosion. 
The overall topography rises northward and southward, reaching levels from 337.2 m to 395.9 
m AMSL. The Digital Elevation Model (DEM) shows moderate terrain in the center portion, 
with elevations ranging from 40.1 m to 419.2 m above mean sea level (AMSL). The rainfall 
pattern is bimodal, with peaks in September and July and an annual total of about 1602.5 mm. 
Notable climatic factors include wind speed, sunshine, relative humidity, and 
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evapotranspiration. The gully's surface plain shows the flow pattern along the area's natural 
drainage outflow and floodwater runoffs. The southern Guinea savanna and derived savanna 
make up the majority of the vegetation (Osayande et. al., 2019). 
 
Data Collection 
This study employed both primary and secondary data sources. Primary data were obtained 
through detailed field observations to capture direct information on gully morphology and 
associated environmental conditions. Plate 1 shows the samples of identified gullies in the 
study area. Secondary data included remotely sensed imagery, specifically Landsat 8 data, 
which was sourced from the United States Geological Survey’s Earth Explorer online platform 
(https://earthexplorer.usgs.gov/). 

Each Landsat 8 image includes 11 spectral bands: five in the VNIR region, two in the SWIR 
region, two in the thermal infrared region, and one panchromatic band (band 8). The spatial 
resolution of these bands’ ranges from 15 to 100 m. Two additional bands represent the 
difference between Landsat 8 and Landsat 7 ETM+: Landsat 8 is a deep blue coastal/aerosol 
band, and Landsat 7 ETM is a shortwave infrared circus band.  

   

 

Plate 1: Gully samples at the study area 

 

https://earthexplorer.usgs.gov/
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Data Processing and Analysis 
The remote sensing data was processed using ArcGIS 10.8 to extract and analyze spatial 
features relevant to gully dynamics. To explore the statistical relationships between 
environmental variables and gully development, a bi-variate statistical method was employed. 
This approach enabled a systematic evaluation of the influence and correlation of key factors 
contributing to gully formation. 

Furthermore, Weka 3.8 is an open-source machine-learning software developed by the 
University of Waikato. It provides a collection of machine learning algorithms for data mining 
and predictive modeling, implemented in Java. The software supports both supervised and 
unsupervised learning techniques. 

For supervised learning, Weka includes classification and regression algorithms such as J48 
(a decision tree based on C4.5), Naïve Bayes, Support Vector Machines (SMO), Multilayer 
Perceptron (Artificial Neural Networks), k-Nearest Neighbors (IBk), Random Forest, and 
Logistic Regression. These methods allow users to analyze labeled data for pattern recognition 
and prediction. 

In unsupervised learning, Weka offers clustering and association rule mining techniques such 
as k-Means Clustering, Hierarchical Clustering, Expectation-Maximization (EM), and the 
Apriori Algorithm for discovering hidden patterns in unlabeled data. 

Besides, Weka provides feature selection and dimensionality reduction tools, including 
Principal Component Analysis (PCA) and Correlation-Based Feature Selection (CFS), which 
help improve model efficiency. 

With its graphical user interface (GUI), command-line options, and API integration, Weka 
makes machine learning accessible for both beginners and advanced users. Its modular design 
and open-source availability allow researchers and developers to extend its capabilities for 
customized applications. 

The first stage was to identify gullies with high-ground truth conformance and create an 
inventory map of gullies using object-based image analysis. Thirty percent of the discovered 
gullies were used for testing, which determined the statistical models' accuracy, and seventy 
percent were used for training, which was used to create the statistical model. The selection 
and preparation of important components influencing gully erosion was the focus of the 
second step. Nine parameters were selected after topography and soil were taken into account: 
altitude, slope, aspect, length-slope, plane and profile curvatures, stream power index (SPI), 
topographic wetness index (TWI), and soil texture. Using the bi-variate statistical model was 
the third stage. In order to produce a map of gully erosion susceptibility, frequency ratio was 
used. These models were selected because they are straightforward and simple to use in a GIS 
setting. Using Area Under Curve (AUC) calculations, the gully erosion susceptibility map was 
validated as the last step. Figure 2 shows the stages. 
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Figure 2: Key Stages and Conceptualization (modified from Al-Abadi et al., 2018) 
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Gully Erosion Influential Factors Determination 
Factors such as topography, soil was considered, resulting in the choice of 9 factors: altitude, 
slope, plane curvature, profile curvature, aspect, length-slope, stream power index (SPI), 
topographic wetness index (TWI), soil texture. We explain these influential factors and their 
effect on gully erosion and their maps are produced and presented in Figures 3-11as follows.  
 
 
 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Altitude map      Figure 4: Aspect map  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
            
            
 
 
 
 
 
Figure 5: Ls factor map                   Figure 6: Plan curvature map 
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Figure 7: Profile curvature map    Figure 8: Slope map 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Soil texture map     Figure 10: SPI map 
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Figure 11: TWI map 

 
Table 1 provides a detailed analysis of various environmental and geographical factors in the 
study area, focusing on their relationship with gully erosion. Each data layer is broken down 
into different classes, showing the distribution of pixels and their corresponding proportions 
in both the entire study area and specifically in gully-prone regions. The Frequency Ratio (FR) 
gives a measure of the relative contribution of each class to the occurrence of gully erosion. 
An explanation of each factor's contribution to gully erosion has been provided earlier. 
 
Table1: Activities of the influential factors of gully erosion 

S/N Data 
Layers 

Classes Class 
Pixels 

%Class 
Pixels 

Gully 
Pixels 

%Gully Pixels FR 

1 
Slope 

(degree) 

<2 (Flat) 64182 57.114 1108 39.37455579 0.017 

2 - 8 (Undulating) 45823 40.777 1569 55.75692964 0.034 

8-15 (Rolling) 2212 1.968 133 4.726368159 0.060 

15 - 23 (Hilly) 153 0.136 4 0.142146411 0.026 

23 - 29 
(Mountainous) 

5 0.004 0 0 0.000 

 Total  112375  2814  0.138 

2 Altitude 

<9 (plains) 58508 52.336 1543 54.85247067 0.026 

9 - 30 (Rises) 3427 3.066 96 3.412726626 0.028 

30 - 90 (Low hills) 11447 10.240 289 10.27372911 0.025 

90 - 181 (Hills) 38410 34.358 885 31.46107359 0.023 

 Total  111792  2813  0.103 

3 
Plane 

Curvature 

Concave 103 0.090 6 0.213143872 0.058 

Flat 113287 99.449 2767 98.29484902 0.024 

Convex 525 0.461 42 1.492007105 0.080 

 Total  113915  2815  0.163 
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Frequency Ratio (FR) model 
The ratio of the area with gullies to the entire research area was used to determine FR. In 
addition, it represents the ratio of the chances that a particular trait will be exhibited by gullies 
as opposed to not (Sarkar and Mondal 2020; Ali et al., 2019). It can be quantitatively described 

4 Aspect 

Flat (-1) 0 0.000 0 0 0.000 

North (0-22.5) 8846 7.872 148 5.2594172 0.017 

Northeast (22.5-
67.5) 

14457 12.865 235 8.351101635 0.016 

East (67.5-112.5) 13454 11.972 275 9.772565743 0.020 

Southeast (112.5-
157.5) 

15283 13.600 417 14.81876333 0.027 

South (157.5-202.5) 15100 13.437 479 17.02203269 0.032 

Southwest (202.5-
247.5) 

10784 9.596 413 14.67661692 0.038 

West (247.5-292.5) 11838 10.534 357 12.68656716 0.030 

Northwest (292.5-
337.5) 

15257 13.577 327 11.62046908 0.021 

North (337.5-360) 7356 6.546 163 5.79246624 0.022 

 Total  112375  2814  0.224 

5 TWI 

-6.134 - -3.390 37576 33.438 1224 43.49680171 0.033 

-3.390 - -1.859 43361 38.586 841 29.88628287 0.019 

-1.859 - 0.246 18731 16.668 371 13.1840796 0.020 

0.246 - 3.054 8883 7.905 211 7.49822317 0.024 

3.054 - 10.137 3824 3.403 167 5.934612651 0.044 

 Total  112375  2814  0.139 

6 SPI 

-13.815 - -8.462 53224 47.363 1218 43.28358209 0.023 

-8.462 - -2.863 20694 18.415 436 15.49395878 0.021 

-2.863 - -1.052 22794 20.284 630 22.3880597 0.028 

-1.052 - 1.419 11247 10.008 335 11.9047619 0.030 

1.419 - 7.183 4416 3.930 195 6.929637527 0.044 

 Total  112375  2814  0.146 

7 LS 

0 - 0.000125 108064 96.239 2606 92.70722163 0.024 

0.000125 - 0.000575 3483 3.102 113 4.019921736 0.032 

0.000575 - 0.00142 572 0.509 57 2.027748132 0.100 

0.001425 - 0.00317 135 0.120 25 0.889363216 0.185 

0.00317 - 0.00637 33 0.029 10 0.355745286 0.303 

 Total  112287  2811  0.644 

8 
Soil 

Texture 

LOAMY_SAND 62572 54.926 2207 78.42928216 0.035 

SANDY_LOAM 51349 45.074 607 21.57071784 0.012 

 Total  113921  2814  0.047 

9 
Profile 

Curvature 

< -2330064042.67 899 0.789 44 1.563055062 0.049 

2330064042.67 - 
2646989994.67 

112415 98.683 2730 96.98046181 0.024 

>2646989994.67 601 0.528 41 1.456483126 0.068 

 Total  113915  2815  0.141 
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in Equation (1) and is based on the relationship that has been observed between the spatial 
distribution and causal elements of gullies. 

1

1

( ) / ( )

( ) / ( )

m

pix i pix ii

m

pix j pix jj

N LX N LX
FR

N LX N LX

=

=

=



        (1) 

 
where Npix (LXi) is the number of pixels with gullies within class I of parameter variable, and 
FR is the frequency ratio of class I of parameter j. The number of pixels in the parameter Npix 
(LXj) variable is represented by Xj. The number of parameters in the study region is n, and 
the number of classes in the parameter variable Xi is m (Regmi et al., 2014). The next stage was 
normalizing FRs as Relative Frequency (RF) within the probability value range of [0,1]. 
Equation 2 Relative Frequency Mathematical Expression was used to determine the RF for 
each class: 

1
( )

j

m

ji

FR
FR

FR
=

=


          (2) 

 
The RF frequency still has the disadvantage of giving all conditioning elements the same 
weight even after equalization. Prediction Rate (PR) was determined for grading each 
conditioning component using the training dataset as a means of addressing this limitation 
and taking into consideration the mutual correlation among the independent variables 
(Regmi et al., 2014). 

max min

max min min

( )

( )

RF RF
FR

RF RF

−
=

−
         (3) 

 
Lastly, as indicated below, the Gully Susceptibility Index (GSI) was determined by adding 
the product of the PR for each factor and the RF for each class which was eventually used to 
create the gully susceptibility map using the GSI values (Regmi et al., 2014).  
       

( )GSI PR RF=            (4) 

 
Based on the evaluation outcomes of the GESM effective factors, which are provided in Table 
2 and Equation (5) can be expressed as follows: 
GESM = Slope(degrees) × 9.012 + Altitude × 1.000 + Plan Curvature × 7.055 + Aspect × 3.523 
+ TWI × 3.601 + SPI × 3.276 + LS × 8.938 + Soil Texture × 10.283 + Profile Curvature × 6.414.
             (5) 
The GES map is presented in Figure 12. 
 
RESULTS AND DISCUSSION  
 
Results from the Application of Frequency Ratio Model  
To prepare gully susceptibility map and estimate the level of spatial correlation between gully 
locations and conditioning factors, the FR model was applied. 
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Table 2: Results of FR of the Factors Contributing to Gully Erosion 
S/N Data 

Layers 

RF RF(Non%) RF (Int) 
Min 
RF 

Max 
RF 

Max - 
Min 
RF 

(Max- 
Min) Min 

RF 
PR 

1 
Slope 

(degree) 

0.125 12.530 12      

0.249 24.853 24      

0.436 43.641 43      

0.190 18.976 18      

0.000 0.000 0      

 Total    0.000 0.436 0.436 0.048 9.012 

2 Altitude 

0.257 25.686 25      

0.273 27.284 27      

0.246 24.590 24      

0.224 22.441 22      

 Total    0.224 0.273 0.048 0.048 1.000 

3 
Plane 

Curvatur
e 

0.358 35.809 35      

0.150 15.014 15      

0.492 49.177 49      

 Total    0.150 0.492 0.342 0.048 7.055 

4 Aspect 

0.000 0.000 0      

0.075 7.453 7      

0.072 7.241 7      

0.091 9.106 9      

0.122 12.155 12      

0.141 14.131 14      

0.171 17.061 17      

0.134 13.434 13      

0.095 9.548 9      

0.099 9.871 9      

 Total    0.000 0.171 0.171 0.048 3.523 

5 TWI 

0.234 23.401 23      

0.139 13.933 13      

0.142 14.229 14      

0.171 17.064 17      

0.314 31.373 31      

 Total    0.139 0.314 0.174 0.048 3.601 

6 SPI 

0.157 15.724 15      

0.145 14.477 14      

0.190 18.991 18      

0.205 20.466 20      

0.303 30.341 30      

 Total    0.145 0.303 0.159 0.048 3.276 

7 LS 
0.037 3.742 3      

0.050 5.034 5      
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0.155 15.463 15      

0.287 28.737 28      

0.470 47.023 47      

 Total    0.037 0.470 0.433 0.048 8.938 

8 
Soil 

Texture 

0.749 74.898 74      

0.251 25.102 25      

 Total    0.251 0.749 0.498 0.048 10.283 

9 
Profile 

Curvatur
e 

0.346 34.602 34      

0.172 17.169 17      

0.482 48.230 48      

 Total    0.172 0.482 0.311 0.048 6.414 

 
Results of Gully Erosion Susceptibility Mapping  
The gully erosion susceptibility map of Etsako West Local Government Area (LGA), Edo State, 
generated using the Frequency Ratio (FR) Model, provides insights into the spatial 
distribution of erosion-prone areas. The results indicate that susceptibility to gully erosion 
varies significantly across the region, with distinct patterns influenced by topography, land 
use, and environmental factors. 

 
Figure 12: Gully erosion susceptibility map of the study area 
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Figure 12 presented the GESM of Etsako West Local Government Area (LGA), Edo State at a 
spatial scale of 1:180, 000, generated using the Frequency Ratio (FR) Model. This map provides 
useful information about the spatial distribution of erosion-prone areas. The results indicate 
that susceptibility to gully erosion varies significantly across the region, with distinct patterns 
influenced by topography, land use, and environmental factors. 
 
Spatial distribution of erosion susceptibility from the results analysis reveals that the central 
and southern regions of the study area exhibit very low to low susceptibility to gully erosion. 
These areas, represented in dark green and light green on the map, are characterized by 
relatively stable soil conditions, possibly due to dense vegetation cover and favorable 
topographic characteristics. In contrast, the northern and extreme southern parts of the LGA 
show moderate to high susceptibility, indicated by yellow and orange shades, respectively. 
These regions are more vulnerable to erosion, likely due to a combination of steep slopes, land 
cover changes, and increased human activities such as deforestation and agricultural 
expansion. 
 
The most critical zones, classified as very high susceptibility areas (red regions), are scattered 
across the study area but are notably concentrated in the northern and southern fringes. These 
areas are prone to severe gully formation, which may be exacerbated by poor drainage 
systems, soil instability, and urban development projects without adequate erosion control 
measures. The presence of active gully sites in these zones suggests that erosion is a persistent 
and worsening environmental challenge in Etsako West LGA. 
 
Several key factors contribute to the observed patterns of gully erosion susceptibility: 
Topography and Slope Gradient shows that the high susceptibility areas correspond to 
regions with steeper slopes, where surface runoff gains velocity, increasing the likelihood of 
soil detachment and gully formation. 
 
Land Use and Vegetation Cover notably at the central part of the LGA, which is 
predominantly covered by vegetation, exhibits lower susceptibility. In contrast, areas 
experiencing deforestation, land clearing, and urban expansion are more erosion-prone. 
Soil Type and Geology shows that the varying susceptibility levels may also be attributed to 
differences in soil composition. Sandy and loosely compacted soils tend to erode more easily 
compared to clay-rich soils, which offer higher resistance to surface runoff. 
 
Anthropogenic Activities suggests that the rapid urbanization and infrastructure 
development in parts of Etsako West LGA, particularly poorly designed drainage systems 
and unregulated road construction, significantly contribute to erosion vulnerability. Previous 
studies have shown that improper land use planning can accelerate soil degradation, leading 
to the formation of extensive gullies. 
 
Implications for Land Management and Urban Planning, the findings underscore the urgent 
need for strategic interventions to mitigate the impacts of gully erosion in high-risk zones. 
Areas classified as high and very high susceptibility regions require immediate erosion 
control measures, including the implementation of effective drainage systems, reforestation 
programs, and soil conservation techniques. Sustainable land management practices, such as 
terracing, controlled grazing, and agroforestry, should be promoted to reduce soil loss and 
enhance land stability. 
 
Furthermore, geospatial monitoring and predictive modeling should be integrated into urban 
planning policies to identify potential erosion hotspots before they escalate into severe gullies. 
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Government agencies and environmental stakeholders must prioritize erosion-prone 
communities for targeted mitigation strategies, ensuring long-term sustainability and land 
resource management in Etsako West LGA. 
 
The Gully Erosion Susceptibility Map of Etsako West LGA provides a crucial decision-making 
tool for identifying and mitigating erosion-prone areas. The central region remains relatively 
stable, whereas the northern and southern parts exhibit high vulnerability to gully formation. 
Given the environmental and socio-economic implications of gully erosion, urgent 
intervention measures are required to prevent further land degradation and infrastructure 
damage in the affected communities. Future studies integrating remote sensing data, climate 
models, and hydrological analysis will further enhance the accuracy of erosion susceptibility 
assessments and improve long-term management strategies. 
 
Validation of Model 
The accuracy of the work of gully erosion susceptibility was determined by the frequency 
ratio (FR) model applied in this study, and the receiver operating characteristics (ROC) curve 
was employed (Arabameri et al. 2020a). ROC curve analysis is a common technique for 
evaluating the accuracy of a diagnostic test (Arabameri et al., 2020b). The area under the curve 
(AUC) of the produced ROC describes the quality of accuracy and a strong predicting system 
by showing the ability of the occurrence or non-occurrence of predefined. The ROC curve 
prediction represents the ideal model of an area under the curve (AUC). The value of AUC 
ranges from 0-1. The prediction of value AUC = 1.0 indicates perfect accuracy, while an AUC 
= 0.5 shows an inaccuracy in the prediction model (Hitouri et al., 2022).The AUC value 
relationship between AUC value and prediction accuracy can be classified as follows: 0.5–0.6 
very poor; 0.6–0.7 poor; 0.7–0.8 moderate; 0.8–0.9 good; and 0.9–1 very good. ROC curve 
assessment results (Figure 12) indicated that in the gully erosion susceptibility map produced 
through FR model, the GESM by FR has been validated by ROC curve. The results of ROC 
curve show that the area under the value of FR model is 76.47%, indicating a very good 
accuracy. Therefore, it is observed that the gully susceptibility map produced by FR model 
exhibited better performance in producing the gully erosion susceptibility mapping as shown 
in Figure 13. 

 

 
Figure 13: Accuracy Check with ROC AUC 
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CONCLUSION  
The research presents the different levels of gully erosion susceptibility throughout Etsako 
West Local Government Area (LGA) in Edo State by employing a Geospatial Mapping 
Approach through the Frequency Ratio (FR) Model. The study's results show low 
susceptibility to gully erosion in the central region while both northern and southern regions 
face significant risk levels with some areas falling into high and very high susceptibility 
categories. The patterns of erosion-prone areas show strong correlations with elements like 
topographical features and land use practices combined with soil properties and human 
activities. 
 
The study demonstrates the immediate necessity for active erosion control measures such as 
sustainable planning for land use together with better drainage systems, afforestation efforts, 
and soil preservation methods. The destructive effects of gully erosion on infrastructure, 
agriculture, and community stability require policymakers, environmental experts, and urban 
planners to implement geospatial analysis for informed land management and erosion control. 
To improve erosion susceptibility forecasts, future studies can utilize multi-temporal remote 
sensing information along with hydrological modeling and climate variability evaluations. 
The combination of geospatial technologies with sustainable land management practices will 
enable the effective implementation of long-term mitigation strategies that help maintain 
community resilience and protect land resources in Etsako West LGA. 
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