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ABSTRACT

Gully erosion refers to the formation and expansion of erosional
channels in the soil as a result of concentrated water flow.
Generally, when the eroded channels on the land surface become so
large that they can no longer be leveled through conventional
farming operations, they are referred to as gullies. The objective of
this study is to compare the CART and SVM models for identifying
high-risk areas of gully erosion and determining the most
influential parameters contributing to gully erosion in the Mian-Ab
watershed of Shushtar County in Khuzestan Province. First, the
locations of existing gullies were recorded using satellite images,
Google Earth software, and the Global Positioning System (GPS).
Then, the independent variables influencing gully erosion were
prepared, and after assigning their respective values, modeling was
conducted in R software to delineate or predict gully-prone areas.
In total, 3,000 data records related to gully erosion were collected,
with 70% used for training and 30% for testing the models.
According to the results, the SVM model, with an R? value of
0.846, demonstrated higher accuracy compared to the CART
model. Moreover, based on the gully erosion risk maps, the very
low risk class covered the most significant portion of the watershed
area (approximately 59%), followed by the low, moderate, high,
and very high-risk classes, covering 12.27%, 10.29%, 9.23%, and
8.49% of the watershed area, respectively. Based on the findings,
the land-use, vegetation cover, and soil texture indices played the
most significant roles in the occurrence and expansion of gully
erosion.
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Extended Abstract

Introduction

Soil erosion and sediment production are
significant limitations in the use of water
and soil resources. Currently, gully erosion
is becoming one of the most significant
forms of erosion worldwide and has thus
received considerable attention from
researchers in recent decades. Various
studies have been conducted on how gully
erosion occurs and develops in different
climates. In many regions, a substantial
amount of sediment generated in
watersheds is attributed to gully erosion.
Notably, around 125 million hectares of
Iran’s total land area of 165 million hectares
are susceptible to water erosion. Soil
erosion leads to soil degradation and
abandonment of farmland, resulting in
irreparable damage. Developing appropriate
strategies for preventing and mitigating
gully erosion requires a complete
understanding of its dynamics and
controlling factors. Given the development
of machine learning models and their
successful performance in various scientific
fields, many researchers have utilized
machine learning models for hazard
mapping and predicting erosion risk. The
results indicate the successful and accurate
performance of these models. This study
also evaluates the effectiveness of two
machine learning algorithms, SVM and
CART, in mapping the risk of gully
erosion.

Methodology

In this study, the sensitivity of gully erosion
in the Mianab-Shushtar watershed has been
investigated, and machine learning methods
have been utilized to predict gully erosion
sensitivity. In the first step, a map of gully
locations has been prepared, using various
methods and tools including satellite
images, aerial photographs, and field visits.
Subsequently, topographic indices such as
elevation, slope, slope aspect, soil texture,
Stream Power Index (SPI), Topographic
Wetness Index (TWI), vegetation cover
(NDVI), lithology, distance from rivers,
Terrain Ruggedness Index (TRI), distance
from roads, soil erodibility index (K),
rainfall erosivity index (R), and drainage
density index are examined as

environmental parameters influencing gully
erosion occurrence. In the next step, 70% of
the gullies under study are randomly
selected and used as training data, while the
remaining 30% are utilized as validation
data. In the following stage, the map of
gully locations is entered into the SVM and
CART models as the dependent variable,
with the environmental layers serving as
independent  variables to model the
occurrence of gully erosion.

Results and discussion

In this study, the variables of landforms,
elevation, slope, slope direction and length,
vegetation cover, soil texture, distance from
roads, land-use, lithology, soil erodibility,
topographic moisture, flow power, drainage
density, erosive rainfall, and distance from
rivers were selected and examined as
influential factors in gully erosion. Erosion
points were used as the dependent variable
in this research. Field surveys and ground
surveys were employed to collect these
points. The exact locations of the gullies
were recorded using handheld GPS and
then reviewed and corrected using Google
Earth software. In total, 3,000 gully erosion
points were collected, representing the
spatial distribution of this phenomenon in
the area. Most points affected by this type
of erosion are found in the southern and
eastern regions of the watershed.

Next, to obtain a potential gully erosion
map for the watershed, layers of the studied
indicators were prepared. After preparing
the independent and dependent variables, a
risk zoning map for gully erosion was
created using the CART model in R
software. The correlation coefficient
between the predicted values of the CART
model and the observed values was 0.889.
The R2 coefficient for this model was
calculated to be 0.791, which is considered
an appropriate level of determination for
models related to gully erosion.

According to the zoning map produced by
the CART model, areas with very high risk
are primarily concentrated in the eastern
and southeastern parts of the basin, which
coincide with sloped and foothill lands.
Areas with high risk are distributed in a
band adjacent to these regions. In contrast,
areas with moderate risk are mainly located



in the center of the basin and near stream
networks.

The results from the SVM model
demonstrate its significant performance in
predicting and assessing erosion. The
evaluation results indicated a correlation
coefficient of 0.92 between observed and
predicted values, showing a robust
correlation between actual and predicted
data. Additionally, Rz was calculated to be
0.846. Statistical indicators suggest that the
SVM model successfully identified and
modeled the complex patterns of gully
erosion in the study area. Sensitivity
analysis indicated that the most important
factors affecting the SVM model included
soil texture and the NDVI index. According
to the zoning map from the SVM model,
the "high risk™" and "very high risk™ classes
are mainly concentrated in the eastern
sections, close to tributaries and relatively
steeper  slopes.  This  geographical
distribution may occur due to the high
density of waterways alongside other
influencing indicators of this phenomenon.
Based on the results obtained from SVM
and CART models, both models performed
well and were able to predict gully erosion
risk with reasonable accuracy; however,
according to the results, the SVM model
showed better performance.

Conclusion

The present study showed that machine
learning models such as SVM and CART
can play an important role in identifying
and mapping the risk of gully erosion in the
Mianab watershed. A precise understanding
of the factors affecting gully erosion and
the  implementation of  appropriate
management measures can significantly
help reduce the damage caused by this
phenomenon and preserve the region's
natural resources. This research contributes
to the advancement of scientific knowledge
in the field of gully erosion and the
application of data mining models in
natural resource management, and it can
provide a foundation for future studies in
this area.
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