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Figure 1. Study area in Iran (a), watershed boundary and gully expansion area (b), UAV
orthophoto (c), and UAV-derived digital elevation model (6 cm resolution) (d), gully

encroachment toward agricultural lands (e), and UAV used for imaging (f) Multi-temporal gully

mapping.

Gully erosion represents one of the most severe forms of soil degradation, leading to rapid
landscape dissection and significant sediment redistribution (Poesen et al., 2003). While
traditionally associated with steep slopes, increasing evidence suggests that gully systems can
extensively develop in low-gradient environments where runoff concentration and soil surface
conditions play a dominant role (Valentin et al., 2005; Castillo and Gémez, 2016). Understanding
gully development requires integrating multi-temporal analysis with environmental and
morphometric characterization. Although several studies have investigated individual controls,
the combined role of land use, runoff potential, and lithology in long-term gully expansion
remains poorly explored (Torri & Poesen, 2014). This study aims to (i) quantify long-term gully

expansion, (ii) evaluate its relationship with key environmental factors using spatial overlay

©TERRAENVISION Publisher Wageningen ISBN 978-90-837754-25 (53



DOI:10.5281/zenodo.22519134

analysis, and (iii) interpret dominant erosion processes using morphometric evidence derived
from high-resolution UAV data.

The Jeyhoon watershed is located in Hormozgan Province, southern Iran, covering approximately
20,276 ha. The region is characterized by a semi-arid climate, low rainfall, and dominant alluvial
plains composed of erodible sedimentary materials.

Multi-temporal aerial photographs (1967 and 1994), satellite imagery (Google Earth, 2012), and
UAV imagery (2024) were used to map gully boundaries.

Newly developed gullies were identified using a multi-temporal change detection approach
based on the comparison of gully polygons between consecutive time periods (1967-1994,
1994-2012, and 2012-2024). This method allowed separation of newly formed gullies from pre-
existing ones.

To assess the relationship between gully expansion and environmental factors, a GIS-based
spatial overlay analysis was performed. Newly formed gully polygons for each period were
intersected with thematic layers including slope classes, land use, curve number (CN), and
geology. The area of gullies falling within each class was calculated and expressed both in
hectares and as a percentage of total gully expansion for each period. This approach allowed
identification of dominant environmental conditions associated with gully development.

A total of 481 cross-sections were extracted from a UAV-derived DEM with a spatial resolution of
6 cm. For each cross-section, depth, top and bottom width, width-to-depth ratio, and bank slopes
were calculated.

Total gully area increased from 132.64 hain 1967 to 167.32 ha in 1994, followed by a more rapid
increase to 247.36 ha in 2012 and 326.39 ha in 2024, representing an overall growth of
approximately 146%. The rate of expansion shows a clear acceleration, increasing from 1.28 ha
yr-tduring 1967-1994 to 4.45 ha yr * during 1994-2012, and further to 6.58 ha yr * during 2012-

2024. This nonlinear trend indicates intensification of erosion processes over time.
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Figure 2. Temporal evolution of gully distribution in the Jeyhoon watershed in 1967 (a), 1994 (b),
2012 (c), and 2024 (d). Spatial concentration of gully expansion

Gully expansion is not uniformly distributed across the watershed. Instead, it is highly
concentrated, with a single dominant gully contributing between approximately 58% and 74% of
total expansion across different periods. This highlights the importance of localized geomorphic
processes in controlling overall erosion dynamics.

Environmental controls of gully expansion

More than 96% of gully expansion occurs within the lowest slope class (<2%), indicating that
slope gradient is not the dominant controlling factor. Land use analysis shows that 90-98% of
new gullies formed in rangelands. Expansion is also strongly associated with CN = 68 and erodible
geological units.

Morphometric characteristics

Morphometric analysis based on 481 cross-sections (Table 2) shows that gully depth is generally
low (mean = 0.95 m; median = 0.72 m), indicating a predominance of shallow channels. In
contrast, the width-to-depth ratio is relatively high (mean = 19.04), reflecting significant lateral
expansion. The frequency distributions (Figure 3) reveal positively skewed patterns, particularly

for the width-to-depth ratio, highlighting the presence of a limited number of large sections.
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Overall, these results indicate that gully evolution in the study area is primarily controlled by

widening processes rather than vertical incision.

Table 2. Summary statistics of gully morphometric parameters

Parameter Min Max Mean Std. Dev.
Depth (m) 0.31 3.35 0.95 0.70

Top width (m) 1.40 182.90 18.00 21.53
Bottom width (m) 0.40 114.80 9.54 13.64
Width-to-depth ratio 0.65 103.87 19.04 14.68
Left bank slope (%) 2.54 136.31 33.02 2293

Right bank slope (%) 4.00 138.04 31.47 22.30
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Figure 3. Distribution of gully morphometric parameters

The results demonstrate a strong acceleration in gully expansion, indicating intensification of
erosion processes over time. Contrary to traditional assumptions, slope is not the primary
control, as most gullies occur in very low-gradient areas. Hydrological conditions, represented by
CN values, play a dominant role by controlling runoff generation. The dominance of rangelands

suggests that vegetation degradation enhances surface runoff and erosion. Morphometric
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results further support this interpretation, as high width-to-depth ratios indicate that lateral
widening dominates over vertical incision. This pattern is consistent with runoff-driven erosion in
alluvial plains (Poesen et al., 2003; Valentin et al., 2005).

Gully expansion has significantly accelerated and is mainly controlled by hydrological and land

surface conditions, while slope plays a minor role.
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