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ABSTRACT

The aim of this study is to develop sensitive gully erosion
models by implementing a machine learning algorithm (Support
Vector Machine and Boosted Regression Tree) in the Moher
basin. First, gully areas are identified, and then 13 variables
predisposing to gqully erosion (Slope, Slope Direction,
Topographic Wetness Index, Streem Power Index, Terrain
Ruggedness Index, Distance from Waterway, Drainage Density,
Distance from Road, Land use, NDVI, Avera annual Rainfall,
Geology, and Soil Texture) were selected. The variance inflation
coefficient was used to evaluate multicollinearity between
variables. Finally, a gully erosion sensitivity map was prepared
in the environment (R). Also, the effect of physical and chemical
characteristics of soil on gully erosion was investigated using
Multivariate Regression. Regarding the importance of variables,
Geology has the most significant effect on gully erosion in the
SVM model, Land use, and the BRT model. The predicted
sensitivity map was validated with the help of the receiver
operating characteristic (ROC) curve. The results showed that
the area under the curve (AUC) in the Support Vector Machine
and Boosted Regression Tree models were calculated as 0.92 and
0.94, respectively, which led to accurate prediction. Also, the
results showed that the sand variable (9.299), sodium absorption
ratio (7.967), and TNV (6.185) have the most significant effect
on gully erosion.
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Extended abstract

Introduction

Currently, many countries are facing severe
land degradation and soil erosion. Soil
erosion caused by water is a major
environmental concern, affecting
approximately one billion hectares of land
worldwide. Gully erosion is one of the most
essential factors in land degradation in dry
and semi-arid regions, causing significant
soil losses and the transfer of sediments to
low-altitude areas. Many researchers
investigated gully erosion sensitivity using
remote sensing (RS) and geographic
information systems (GIS) techniques.
Traditional data mining methods cannot
establish ~ the  relationship  between
geoenvironmental factors and gully erosion
processes. Therefore, machine learning
models are highly efficient for evaluating
areas sensitive to gully erosion. Support
vector machines (SVM) and boosted
regression trees (BRT) are machine-
learning techniques to model gully erosion.
In the lower reaches of a watershed or near
agricultural lands, gully erosion caused
sediment production and desertification of
the region. Using SVM and BRT models, it
is possible to prepare a map of gully
erosion sensitivity and use zoning to reduce
potential damage and manage crises.

Materials and methods

The study area covers approximately
101350 hectares and is located in southern
Iran, with an elevation range of 387 to 1672
meters above sea level. The basin is
situated between longitude 52°24'52" to
52°59'52"E and latitude 27°2227" to
41°49'27"N. Initially, a gully erosion points
map was created based on 200 gully and
non-gully points, identified through field
visits and data obtained from the Natural
Resources Department of Fars province.
Random non-gully points were also
selected throughout the basin using a
Geographic Information System (GIS).
Furthermore, 13 variables were chosen for
modeling based on the approach utilized by
previous researchers. These variables
encompassed slope, slope aspect, drainage
density, distance from the stream, land use,
geology, soil texture, stream power index
(SPI), topographic wetness index (TWI),

topographic roughness index (TRI), average
precipitation, distance from the road, and
vegetation cover. Multicollinearity analysis
employing the variance inflation factor
(VIF) was conducted to determine the
linear correlation  between variables.
Subsequently, machine learning algorithms,
including Support Vector Machine (SVM)
and Boosted Regression Trees (BRT), were
employed for modeling. Finally, the
accuracy of the models was evaluated using
the ROC curve. Moreover, the effect of
physical and chemical characteristics of soil
on gully erosion was investigated using
multivariate regression.

Results and discussion

Investigating the collinearity between the
selected variables is crucial in creating
gully erosion sensitivity maps. Among the
13 selected variables, no significant
collinearity was observed in the SVM and
BRT models. The areas with low sensitivity
to gully erosion are mainly concentrated in
the region's northern, northwestern, and
southwestern  parts. The  moderately
susceptible areas are in the middle of the
basin, while the highly susceptible areas are
in the southern and southeastern parts. The
SVM model had an AUC value of 92.0%
for the training dataset and 93.0% for the
test dataset. The BRT model had an AUC
value of 96.0% for the training dataset and
94.0% for the test dataset. Both models
demonstrated high accuracy.

Soil  erosion can  cause  severe
environmental and human damage through
natural or human-induced gully formation.
In dry and semi-dry areas, the formation
and development of gullies are mainly
problematic and lead to a decrease in soil
quantity and quality and a reduction in
agricultural productivity. Additionally, the
sediment resulting from soil erosion can
accumulate at the basin outlet and create
problems for the environment and humans.
Therefore, it is essential to investigate the
formation and development of gullies and
determine their importance in
environmental modeling and management.
In the Mohr watershed, gully erosion has
become a problem, and identifying
vulnerable areas using SVM and BRT
models is useful for sustainable land



management. Topography, slope, surface
runoff, drainage density, soil erosion, soil
moisture, vegetation cover, and
geomorphological processes affect the
formation and expansion of gullies. Most
gullies are formed and expanded in the
north, northeast, east, and northwest
directions. Gully erosion has a positive
relationship with drainage density, and
gullies are formed in areas with low slopes
and high moisture. Soil texture and land use
are also important for controlling gully
erosion. The type of relationship between
erosion factors and surface cover of the
region is determined based on land use. The
presence of vegetation cover in this area is
highly important and effective in
controlling erosion. The absence of
vegetation cover creates runoff and causes
erosion and sedimentation on a large scale.
Additionally, the impact of road networks is
crucial in soil erosion. The results of
geological variables show that Quaternary
sediments play an important role in the
formation of gully erosion. Quaternary
sediments are effective in gully erosion
formation due to high levels of gypsum and
salt, fine-grained sediment deposits, loess
instability, soil structure weakening, and
lack of organic matter. Soil texture is also
used as a controlling mechanism in gully
erosion. The results of physical and
chemical characteristics showed that the
sand variable (9.299), sodium absorption
ratio (7.967), and TNV (6.185) have the
most significant effect on gully erosion.

Conclusion

A study was conducted to prepare a gully
erosion sensitivity prediction map using
machine learning algorithms (SVM and
BRT) in the Shoor River watershed (Mohr
county). This research investigated 13 gully
erosion-sensitive  variables and their
performance in gully development. The
entire dataset was randomly divided into
70/30 for training and validation. The area
under the curve (AUC) values for SVM and
BRT were 0.92 and 0.94, respectively. In
both models, more than half of the
watershed was classified as low to very low
sensitivity (SVM: 89.22%, BRT: 92.84%),
while 2.62% and 3.58% of the area were
classified as highly sensitive in SVM and

BRT models, respectively. Also, the results
of the physical and chemical characteristics
of the soil showed that sand (9.299),
sodium absorption ratio (7.967), and TNV
(6.185) have the most significant effect on
the expansion of gully erosion in the study
area. Finally, the results showed that
machine learning models can determine
gully erosion boundaries, and the resulting
susceptibility maps can be used as essential
tools for protecting and sustainably
managing gully erosion-prone areas in the
study area.
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