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Fig. 4. Images of UAV Imaging Stages (a: SAHAB E2 Drone Used for Imaging, b: Preparing the Drone for Flight, c: Drone
Image from the Ground Control Station, and d: GNSS Receiver for Static Surveying as the Reference for PPK Calculations)
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Table 6. Average Erosion and Sediment Yield from Surface Erosions
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Abstract

This study investigates gully expansion and quantifies soil erosion and sedimentation in the Dashte
Jeyhoon watershed, Bandar Khamir County. The analysis utilized aerial photographs from 1967 and
1994, historical Google Earth images from 2012, and UAV imagery from 2023 to assess gully growth.
Surface erosion was estimated using the WaTEM/SEDEM and RUSLE models. UAV imaging, with a
ground sampling distance (GSD) of 3 cm, was conducted to map gully expansion and measure
morphometric characteristics, providing an estimate of soil loss due to gully erosion. The findings
indicate that the gully area increased from 132.64 hectares in 1967 to 326.39 hectares in 2023, with an
expansion rate of 3.46 hectares per year. Detailed measurements were taken at 481 points using a digital
elevation model (DEM) with a 6 cm accuracy, derived from UAV data. The average gully depth was
found to be 1.01 meters, suggesting that the gullies in the study area are generally small to medium in
size. The ratio of top width to depth exceeding 1 highlights significant implications for the destruction
of agricultural lands and infrastructure. Flooding and water flow into the gullies were identified as the
primary drivers of gully expansion in the watershed. The study estimated that average soil erosion from
surface processes was approximately 3.40 tons per hectare per year, while total soil loss from gully
erosion was around 52,000 tons per year. Over a 56-year period (1967-2023), the average soil loss due
to gully erosion was calculated to be approximately 12 tons per hectare per year. The total annual soil
loss from all erosion types in the Dashte Jeyhoon watershed was estimated at 15.4 tons per hectare per
year.

Keywords: Gully, UAV, Erosion Models, Morphometry, DEM

Introduction
Soil erosion is widely recognized as a principal

with a minimum depth and width of 30 cm,
with the upper limit varying based on
factor contributing to soil degradation environmental conditions. Despite covering
(Panagos et al., 2015) and plays a critical role less than 5% of a watershed’s area (Ionita et al.,
in many regions globally. Soil erosion 2015), qullies can link upstream and
encompasses the processes of detachment, downstream areas, leading to flooding and

transport, and deposition of soil particles. It is
categorized into two primary types: water
erosion and wind erosion. Water erosion
further includes splash, sheet (surface or inter-
rill), rill, gully, and channel erosion. Gully
erosion specifically refers to the formation and
widening of channels due to concentrated
water flow. Gullies are defined as channels

sedimentation both within and beyond the
gully site. Effective strategies for controlling
gully erosion necessitate a comprehensive
understanding of the dynamics influencing its
formation and expansion. Research has
demonstrated that gully erosion is sensitive to
factors such as land use and land cover changes
(Prosser & Slade, 1994; Torri & Poesen, 2014)
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and rainfall intensity. Currently, simulating
gully erosion and its impacts remains a
challenge. Unmanned Aerial Vehicles (UAVS)
have gained popularity for providing high-
resolution data, with advanced sensor
technologies and reduced costs and risks.
Marzolff et al. (2011) employed UAVs for
short- to medium-term monitoring of gully
expansion and its variability in a Spanish
watershed. Existing physical models of soil
erosion require extensive data on various
temporal and spatial scales, which can limit
their applicability. The Revised Universal Soil
Loss Equation (RUSLE) is widely used for
estimating soil erosion. For example, Getu et
al. (2022) estimated soil erosion intensity in the
Megech watershed, Ethiopia, using RUSLE
and GIS, finding an average annual soil loss of
32.84 tons per hectare. The WaTEM/SEDEM
model, which integrates water erosion and
sedimentation, is based on RUSLE and was
used to estimate gully erosion separately using
UAV images, while surface erosion was
estimated using WaTEM/SEDEM and RUSLE
models.  This approach  provided a
comprehensive estimate of both surface and
gully erosion in the watershed.

Materials & Methods

1- Study Area

The Dashte Jeyhoon watershed, encompassing
20,276.76 hectares, is located within the
geographic coordinates of 54°56'35" to
55°11'21" east longitude and 27°39'13" to
27°20'40" north latitude. The area’s elevations
range from 297.88 to 1,229.73 meters. This
watershed is situated in Hormozgan Province,
Bandar Khamir County.

2- Gully Expansion

To map gully expansion for the years 1967 and
1994, aerial photographs from the National
Cartographic Center of Iran (NCC) with scales
of 1: 20,000 and 1: 40,000, respectively, were
utilized. Historical Google Earth images were
used for 2012, and UAV images were
employed to map gully expansion in 2023. The
UAV, SAHAB EZ2, is a vertical take-off and
landing fixed-wing aircraft manufactured in
China, known for its high-quality aerial
mapping capabilities in Iran. The UAV
captured images over 2,486 hectares, covering
the gully expansion area.

3- Estimating Surface Erosion Using
WaTEM/SEDEM and RUSLE Models

The WaTEM/SEDEM model was employed to
estimate surface erosion (sheet and rill) in the
study area. Inputs for the model included
Digital Elevation Model (DEM), stream order,
parcel map, and parameters such as rain
erosivity (R), vegetation factor (C), soil
erodibility (K), topography factor (LS), and
protection factor (P). The RUSLE model was
used to map soil erosion intensity by
multiplying layers in ArcGIS 10.8 to obtain the
average soil loss in tons per hectare.

4-Estimating Gully Erosion Using UAV
Images

Gully erosion was estimated using UAV
images, with  gullies extracted and
morphometric  features, including depth,
measured at 481 points using DSM and Global
Mapper software. Average depth and surface
spread of gullies were utilized to estimate total
soil loss due to gully erosion.

Results and Discussion

The expansion of gullies over the years 1967,
1994, 2012, and 2023 was recorded as 132.64
hectares, 167.32 hectares, 247.36 hectares, and
326.39 hectares, respectively, with a retreat
rate of 3.46 hectares per year. The
WaTEM/SEDEM model estimates for a 23-
year average, including peak erosivity years,
show an average soil loss of 3.4 tons per
hectare. The RUSLE model, after layer
multiplication in ArcMap, yielded an average
soil loss of 3.3 tons per hectare.

The depth of gullies, measured at 481 points,
averaged 1.01 meters. The ratio of gully width
to depth is greater than 1, indicating wider
gullies compared to their depth, which has
significant implications for the destruction of
agricultural lands, villages, and buildings.
Over the 56-year period, gully expansion in the
Dashte Jeyhoon watershed amounted to 193.75
hectares, with an estimated soil volume loss of
1,956,889 cubic meters, equivalent to
2,935,333 tons.

The total volume of gully erosion is
approximately 3,296,523 cubic  meters.
Assuming a soil density of 1.5, the soil loss due
to gully erosion is 4,944,784 tons. The average
annual soil loss due to gully erosion over the
56-year period is about 12 tons per hectare per
year. The total annual soil loss from all erosion
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types in the Dashte Jeyhoon watershed is
estimated at 15.4 tons per hectare per year.

Conclusions

This study investigated gully expansion and
soil erosion in the Dashte Jeyhoon watershed,
Bandar Khamir County, using
WaTEM/SEDEM and RUSLE models for
surface erosion and UAV imaging for gully
erosion. The average soil loss from surface
erosion was about 3.4 tons per hectare per year,
while  gully  erosion accounted for
approximately 12 tons per hectare per year.

The total annual soil loss from all erosion types
was estimated at 15.4 tons per hectare per year.
The watershed's land use and cover indicate
that about 40% is rocky outcrops and non-
erodible areas. Gullies, comprising 1.61% of
the watershed, are relatively shallow and less
sediment-laden compared to deeper gullies.
The remaining 55% of the watershed consists
of rangelands with approximately 20%
vegetation cover, which provides some
protection against severe erosion. These
findings align with the research of Akbarian et
al. (2013).



