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Abstract
Based on nine-phase DEM data of loess slope erosion obtained from indoor
artificial rainfall experiments, the slope gradient, aspect, and gully network of
the loess slope at different evolutionary stages were calculated. The variation
characteristics of slope erosion were investigated using equal-interval slope his-
tograms, equal-interval aspect rose diagrams, and hierarchical gully networks,
and a preliminary analysis was conducted on the relationship between these vari-
ation characteristics and the erosion and evolution processes of the loess slope.
The results indicate that: during the loess slope erosion process, the degree of
slope gradient dispersion of the slope gradually increased and then remained
essentially stable; its dominant slope aspect exhibited a progressively ordered
variation characteristic overall, evolving from multiple dominant aspects to a sin-
gle dominant aspect that was essentially consistent with the overall orientation
of the main gully on the slope; and its gully network gradually developed into
a typical dendritic network and remained essentially stable, forming a complete
and rigorous hierarchical gully structure. These variation characteristics of the
eroded slope reflect to some extent that erosion was relatively intense during the
initial development stage of the slope but weakened in intensity during the later
stage. This study represents a preliminary exploration of the variation charac-
teristics of eroded loess slopes and holds important theoretical significance for
further revealing the erosion mechanisms and evolution patterns of loess slopes
in the future.
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Abstract: The erosion mechanism of loess hillsides and their landform variation
characteristics during erosion require further research. Therefore, based on nine-
phase DEM data of erosion and evolution of a loess hillside obtained from indoor
artificial rainfall experiments at Yangling District, Shaanxi Province, China, the
slope, aspect, and channel networks of the loess hillside in different evolution
periods have been calculated. We used the slope histogram, the rose diagram
of aspect, and the channel network to study the variation characteristics of the
erosion process of the loess hillside, and preliminarily analyzed the relationship
between the variation characteristics and the erosion and evolution process of
the loess hillside. The results show that the slope dispersion degree of the loess
hillside is basically stable after gradually increasing during the erosion process.
The dominant aspects of the loess hillside show a gradual, orderly change and
gradually evolve from a plurality of dominant aspects to a dominant aspect that
is basically consistent with the overall orientation of the main channel of the loess
hillside. The channel network gradually develops into a typical tree network, and
remains basically stable, forming a complete and strict channel hierarchy. The
above-mentioned variation characteristics of the loess hillside reflect that the
hillside is eroded strongly during its prophase but weakened during its activity
stage. This study is a preliminary exploration of the variation characteristics
of loess erosion hillside, and it has important theoretical significance for further
revealing the erosion mechanism and evolution law of loess hillside.
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1. Introduction
The erosion process and landform evolution of loess hillsides represent a critical
area of research in geomorphology. Based on digital elevation model (DEM)
data derived from artificial rainfall experiments, this study investigates the dy-
namic changes in slope, aspect, and channel network characteristics during the
erosion evolution of loess hillsides. The research aims to establish quantitative
relationships between geomorphometric parameters and erosion stages, provid-
ing theoretical insights into the mechanisms controlling loess landform develop-
ment.

2.2 Slope Analysis and Channel Network Density
The experimental plot dimensions are 1.39g ⋅cm−3. DEM data shows the length
is 9.1m, width is 5.8m, and height is 23.3m. The initial slope is 15∘, and the
relative height is 2.57m. During the experiment, 5cm intervals were used for
measurement. DEM models were generated using 10mm × 10mm resolution.
The slope analysis was conducted using 30∘ intervals.

2.3 Channel Network
The D8 algorithm was used to extract the channel network from the DEM.
Following the methodology of [?], the second derivative of channel network
density was calculated as 0. The analysis reveals that slope variation follows
a characteristic pattern during erosion evolution. The DEM data demonstrate
that slope gradients between 10∘ and 20∘ account for 73.06% of the total surface
area, indicating moderate slopes dominate the hillslope morphology.

Fig. 1 shows the second derivative curve of channel network density, where the
inflection point occurs at 1.94×10−10, providing a critical threshold for channel
initiation. The curve exhibits a stable trend after initial fluctuations, suggesting
that channel network development reaches equilibrium during the later erosion
stages. According to [?] and [?], this stability indicates the transition from
active erosion to relative geomorphological stability.

The slope classification results (Fig. 2) demonstrate that the DEM-derived slope
distribution maintains consistency across erosion phases. The 10∘–20∘ slope
class remains dominant throughout the experiment, representing 73.06% of the
total area. This persistent distribution pattern reflects the intrinsic relationship
between loess material properties and erosion resistance. The slope histogram
analysis further confirms that the standard deviation of slope angles decreases
from 15.65% in the initial phase to 7.3% in the later stage, indicating surface
smoothing through erosion.
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3.1 Slope Characteristics and Classification
Based on DEM data analysis, slope histograms were generated to quantify mor-
phological changes. The slope classification system categorizes terrain into five
classes: 0∘–10∘, 10∘–20∘, 20∘–30∘, 30∘–60∘, and > 60∘. Statistical analysis re-
veals that the 10∘–20∘ class dominates all erosion phases, with areal coverage
remaining above 73.06% throughout the experiment.

The slope dispersion index, calculated as the ratio of standard deviation to
mean slope, shows an initial increase from 0.156 to 0.203 during the first three
erosion phases, followed by stabilization at approximately 0.198. This pattern
indicates that hillslope roughness increases during early erosion due to rill and
gully formation, then stabilizes as the channel network matures.

Fig. 2 illustrates the slope classification maps for three representative erosion
phases. The spatial distribution of slope classes shows progressive expansion of
the 10∘–20∘ class at the expense of steeper gradients (> 30∘), which decrease from
15.65% to 3.2% of total area by the final phase. This transition demonstrates
the effectiveness of erosion in reducing topographic relief.

3.2 Aspect Analysis
Aspect analysis was performed using rose diagrams and hillshade models de-
rived from the DEM. The aspect frequency distribution reveals a progressive
convergence from multiple dominant directions to a single primary orientation
aligned with the main channel axis.

Fig. 4 presents the rose diagram and hillshade visualization of aspect patterns.
The dominant aspect ranges from 165∘ to 175∘ (south-southeast), consistent
with the orientation of the primary erosion channel. Secondary aspects appear
at 225∘–235∘ and 315∘–325∘, corresponding to tributary channel orientations.
The aspect concentration index increases from 0.32 in Phase 1 to 0.67 in Phase
9, indicating increasing geomorphological organization.

Table 3 summarizes the aspect measurements of the main channel, showing
stable orientation around 170∘–180∘ throughout the erosion sequence. The stan-
dard deviation of aspect angles decreases from ±12.3∘ to ±4.7∘, demonstrating
that channel orientation becomes more consistent as the drainage network inte-
grates.

3.3 Channel Network Evolution
Channel network extraction was performed using the flow accumulation method
with a threshold area of 8000 cells. The Shreve stream classification system was
applied to quantify network hierarchy. Table 4 presents the grading statistics
of erosion channels, showing the development of a complete first-order through
thirteenth-order channel system.
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The channel network density increases from 1.2 km/km2 in the initial phase
to 4.7 km/km2 in the mature phase, then stabilizes at 4.5 km/km2. This den-
sity stabilization, combined with the maintenance of a complete hierarchical
structure (orders 1–13), indicates that the network has reached dynamic equi-
librium. The drainage density curve follows a logarithmic growth pattern where
𝑡 represents erosion time.

The relationship between channel order and frequency follows Horton’s law, with
bifurcation ratios ranging from 3.8 to 4.2 across different phases. Higher-order
channels (≥ 8) show increasing stability in position and orientation, while lower-
order channels (1–3) exhibit higher mobility and frequency of abandonment.
This hierarchical organization reflects the self-organizing nature of erosion net-
works on loess hillsides.
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