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Abstract

Slope in mountainous areas has significant impacts on soil erosion and vegeta-
tion growth. Analyzing the differences in NDVI variation trends across differ-
ent slopes helps understand vegetation responses to various slopes and deepens
the comprehension of influencing mechanisms of vegetation change. Based on
MODIS data and DEM data, this study employs the growing season mean NDVI
as the characteristic indicator, uses pixel-based trend analysis method and slope-
based regression analysis method to analyze vegetation changes in the Taihang
Mountain region from 2000 to 2015, and conducts a systematic analysis of the
relationship between vegetation change trends and slope. Simultaneously, this
study adopts the land use transfer matrix to analyze the area and direction
of land type conversion across different slopes between 2000 and 2010, and ex-
plores the influence of land use change on vegetation variation across different
slopes. The results show that: (1) During the study period, vegetation in the
Taihang Mountain region experienced overall improvement, with vegetation im-
provement areas accounting for 93.5% of the total region area. (2) The NDVI
increasing trend was most pronounced in the central and western regions (within
Shanxi Province), while decreasing trends occurred in some mid-low altitude ar-
eas in the eastern and southern parts, mainly concentrated in the low mountain
and hilly areas adjacent to the North China Plain in the east. (3) Areas with
larger slopes exhibited higher growing season mean NDVI values. (4) The rela-
tionship between vegetation change trend (y) and slope (x) is nonlinear and can
be expressed by a quadratic function: y= 0.311x2+8.098x+28.027. (5) When
slope ranges from 7° to 15°, the vegetation improvement trend is most signifi-
cant, followed by slopes of 15° to 20°. The mean NDVI change trend for slopes
of 7° to 20° is 15.8% and 29.8% higher than that of >20° areas and 7° areas,
respectively. (6) From 2000 to 2010, in low (0°-7°), medium (7°-20°), and high
slope (>20°) areas, the total area of cropland, forestland, and grassland all de-
creased, primarily converting to construction land and water bodies. However,
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NDVI change trends in all three slope ranges were positive, with the most pro-
nounced increase in medium slope areas, followed by high slope areas and low
slope areas. (7) NDVI change trends are less affected by land use type and
area, and are primarily influenced by the combined effects of intrinsic biochemi-
cal conditions, natural environmental conditions, and human disturbance (land
use intensity, etc.). Based on these results, this study holds significant impor-
tance for the rational utilization of land resources and ecological environment
protection across different slopes in the Taihang Mountain region.
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Abstract: Slope gradient in mountainous areas critically influences soil erosion
and vegetation growth, serving as a key determinant of site conditions for vege-
tation. Analyzing the variation tendency of NDVI (Normalized Difference Vege-
tation Index) across different slope gradients in the Taihang Mountains not only
helps understand how vegetation responds to slope gradients under long-term
adaptation but also deepens comprehension of vegetation change mechanisms.
Based on MODIS data and DEM data, this study employed pixel-scale trend
analysis and slope-related regression analysis to investigate vegetation changes
in the Taihang Mountain region from 2000 to 2015, using the mean NDVI during
the growing season as the primary indicator. After selecting approximately 1,000
typical samples across the study area, we explored the relationship between veg-
etation greenness changes and slope gradient through regression analysis. Mean-
while, land use transition matrices were used to analyze the transfer area and
direction of different land use types across various slope gradients between 2000
and 2010, examining how land use changes affected vegetation dynamics under
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different slopes. The results showed that: (1) Vegetation in the Taihang Moun-
tains generally improved during the study period, with vegetation-improving
areas accounting for 93.5% of the total study area. (2) The most significant
NDVI increase occurred in the central and western regions (especially within
Shanxi Province), while decreasing trends appeared in patches of medium and
lower elevations in the eastern and southern parts, mainly concentrated in the
eastern hilly areas adjacent to the North China Plain. (3) Areas with steeper
slopes exhibited higher average growing-season NDVI values. (4) The relation-
ship between vegetation change trend (y) and slope (x) was non-linear and best
represented by a quadratic function: y = -0.311x2 + 8.098x + 28.027. (5) The
most pronounced vegetation improvement occurred on slopes of 7°-15°, followed
by 15°-20°. The mean NDVI change trend in the 7°-20° slope range was 15.8%
and 29.8% higher than that in slopes >20° and 7°, respectively. (6) From 2000
to 2010, the total area of arable land, forestland, and grassland decreased across
low (0°-7°), medium (7°-20°), and high slope (>20°) zones, primarily convert-
ing to construction land and water bodies. However, NDVI change trends were
positive across all three slope ranges, with the most obvious increase in medium-
slope areas, followed by high-slope and low-slope areas. (7) NDVI change trends
were less affected by land use type and area, being mainly influenced by the
combined effects of biochemical conditions, natural environmental factors, and
human disturbance (such as land use intensity). These results are significant for
the rational utilization of land resources and ecological environmental protection
across different slopes in the Taihang Mountains.

Keywords: Taihang Mountain; slope; vegetation; NDVI; land use; trend anal-
ysis

Introduction

Mountainous areas constitute approximately 67% of China’ s total land area,
characterized by complex ecological environments. Environmental changes and
ecological carrying capacity in mountainous regions have long been important
research directions in geography and ecology. Mountain vegetation serves as a
critical link between atmosphere, soil, and water, and represents an important
indicator of mountain ecological conditions and global environmental change.
The Normalized Difference Vegetation Index (NDVI) has become one of the pri-
mary indices for characterizing vegetation conditions in recent years. Previous
studies have utilized this index to analyze vegetation cover characteristics, inter-
annual variation patterns, and spatial variability. Numerous studies have shown
that global vegetation has exhibited an improving trend in recent years, partic-
ularly significant in mid-to-high latitudes of the Northern Hemisphere. Piao et
al. found that China’ s NDVI showed a clear increasing trend during the 1980s
and 1990s using NOAA-AVHRR data. Liu and Gong reported that China’ s
surface vegetation greenness was comprehensively improving and desertification
was decreasing from 2000-2010 based on MODIS data. Additionally, influenc-
ing factors of NDVI changes have attracted increasing scholarly attention, with
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both domestic and international researchers conducting in-depth analyses of cli-
matic factors (temperature and precipitation) using MODIS and AVHRR data
sources. Thavorntam et al. found that temperature was an important factor
affecting vegetation productivity in evergreen broadleaf forests in northeastern
Thailand. More recently, scholars have begun focusing on human activity im-
pacts, considering them decisive in many regions. In summary, existing research
has analyzed spatiotemporal vegetation cover changes and emphasized climate
conditions and human activities as primary influences.

However, analyses of natural factors have concentrated mainly on temperature
and precipitation, while macro-scale analysis specifically examining slope ef-
fects remains relatively scarce. In mountainous areas, slope gradient plays a
crucial role in soil erosion and determines vegetation site conditions (such as
soil moisture and thickness), significantly affecting vegetation growth. Existing
slope-related research has primarily focused on differences in vegetation types
or landscape patterns under various topographic conditions (elevation, slope,
and aspect), and on how different slope criteria affect farmland abandonment
and reforestation. Xu et al. studied topographic distribution differences of veg-
etation types in the Xiaohegou Nature Reserve in Sichuan, finding that veg-
etation structure changed correspondingly as slope gradient increased. Tang
et al. demonstrated the maximum slope for reforestation in the loess hilly re-
gion through field observations and rainfall simulation experiments. Ding et
al. examined how slope gradient affected vegetation recovery on abandoned
land in Hainan Province by measuring community composition and structure
in secondary forests on hillslopes. Jin et al. found that slope significantly influ-
enced natural vegetation succession on abandoned farmland in the Loess Plateau.
These studies have revealed slope’ s role in vegetation recovery to some extent,
but simple slope classification comparisons cannot effectively reveal the rela-
tionship between slope and vegetation change trends. Furthermore, while some
scholars have touched upon slope effects when discussing vegetation change fac-
tors, they have not systematically analyzed slope as a primary factor. Therefore,
current analysis of vegetation change differences across slope gradients remains
incomplete.

The Taihang Mountains, located in the transitional zone between China’ s Loess
Plateau and North China Plain, serve as an ecological barrier for the Beijing-
Tianjin-Hebei metropolitan area and the North China Plain, and represent one
of China’ s regions with severe soil erosion. As a typical rocky mountainous area
in northern China, it features low soil moisture content, thin soil layers, and
acute human-land conflicts. Over the long term, slope gradient largely deter-
mines vegetation growth conditions and recovery capacity. Investigating how
slope affects vegetation change mechanisms is crucial for alleviating human-land
conflicts in the Taihang Mountains. However, how slope influences vegetation
spatial distribution during long-term adaptation remains unclear, and few stud-
ies have separately analyzed differences in vegetation condition changes under
various slope conditions. This study addresses this topic by employing trend
line analysis to examine vegetation changes in the Taihang Mountains from
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2000-2015 and macroscopically analyzing vegetation change conditions across
different slopes. Additionally, regression analysis was used to propose a mathe-
matical relationship between vegetation change and slope gradient. Combined
with land use transition matrix analysis, this research examines how land use
changes affected vegetation under different slopes. These findings provide refer-
ence for future ecological construction and rational land resource utilization in
the Taihang Mountains, helping to understand vegetation adaptation to slope
gradients and the mechanisms underlying vegetation change.

1.1 Study Area Overview

The Taihang Mountains are located between 34°71 -40°34 N and 110°60 -
115°62 E, covering approximately 127,000 km? as a transitional zone and
geographical boundary between the Loess Plateau and North China Plain.
The average elevation ranges from 1,500-2,000 m, with the highest peak being
Xiaowutai Mountain at 3,099 m. The region features four distinct seasons and a
warm temperate semi-humid continental monsoon climate. Vertical vegetation
differentiation is pronounced, with natural vegetation types including evergreen
broadleaf forest, coniferous-broadleaf mixed forest, coniferous forest, shrubland,
shrub-grassland, and alpine meadow. The Taihang Mountains span four
provincial-level administrative regions: Henan, Hebei, Shanxi, and Beijing, as
shown in Figure 1 [Figure 1: see original paper].

1.2 Data Sources and Preprocessing

This study utilized three data types: NDVI data, DEM data, and
land use data. NDVI data were derived from the MOD13Q1 veg-
etation index product provided by NASA’ s LAADS Web platform
(https://ladsweb.nascom.nasa.gov/data/search.html), with a spatial reso-
lution of 250 m, temporal resolution of 16 days, and time span from 2000-2015.
The NDVI product was processed from Terra satellite Level-3 MOD13Q data
through mosaicking, projection conversion, and masking, with monthly NDVI
values obtained using the maximum value composition method. April-October
represents the plant growing season in the Taihang Mountains; this study
calculated the annual mean NDVI during the growing season using monthly
NDVI values from April-October, resulting in 16 annual growing-season NDVI
mean images for 2000-2015. DEM data were SRTMDEM data for China,
obtained from the Geospatial Data Cloud platform of the Computer Network In-
formation Center of the Chinese Academy of Sciences (http://www.gscloud.cn),
with a spatial resolution of 90 m. Using ArcGIS Spatial Analyst, a slope
distribution map for the Taihang Mountains was calculated with slope units
in degrees. Land use data for 2000 and 2010 were obtained from the 5-year
interval terrestrial ecosystem spatial distribution dataset (1990-2010) published
by the Global Change Research Data Publishing and Repository System, with
a spatial resolution of 100 m.
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2.1 Sample Selection and Slope Classification

Within the Taihang Mountains, 1,000 sample points were randomly and uni-
formly selected. To reduce random error and spatial variation effects, circular
sample areas with a 3 km radius were created (Figure 2 [Figure 2: see origi-
nal paper]), ensuring no overlap between sample areas. Samples falling within
construction land were removed, resulting in 921 samples included in the regres-
sion model. NDVI change trends and mean slope conditions were statistically
analyzed for each sample area to establish a regression model examining the
relationship between slope and vegetation change trends. To understand NDVI
changes under different slopes, this study referenced the slope classification stan-
dard of Zhang et al. and adapted it to the Taihang Mountains context, dividing
slopes into seven grades: 0°-3°, 3°-7°, 7°-10°, 10°-15°, 15°-20°, 20°-25°, and
>25°.

2.2 Trend Line Analysis

This study analyzed NDVI change trends during the study period using regres-
sion slope, with time (n) as the independent variable and NDVTI values regressed
pixel-by-pixel. The regression equation slope indicates the variable’ s change
trend: a negative slope suggests decreasing vegetation, while a positive slope
indicates increasing vegetation. The expression is:

X (-8 ))
Ynpvi = 2221 G—j)2

where yy py 7 represents the NDVI change trend (i.e., the slope of the interannual
variation curve), n is the number of study years (16), and z; is the growing-
season NDVI value in year j. Using ArcGIS Map Algebra raster calculator tools,
vegetation change trend data for 2000-2015 were calculated and summarized.

2.3 NDVI Change Trend and Slope Regression Analysis

This study statistically analyzed NDVI change trends across samples in the
Taihang Mountains using ArcGIS zonal statistics as table to compile NDVI
change trend and slope data by sample unit, establishing a regression model
between NDVTI change trends and slope to analyze their relationship.

2.4 Land Use Transition Matrix

Land use transition matrices were used to analyze land use changes across differ-
ent slopes in the Taihang Mountains and reveal the impact of land use changes
on vegetation conditions. The transition matrix reflects the dynamic conversion
process between land use types at the beginning and end of the study period,
including conversion areas and directions. Its mathematical expression is:
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where A represents area, n is the number of land use types, and i, j represent
land use types at the beginning and end of the study period, respectively. A,
indicates the area converted from type 1 to type 2, and A4 represents the area
converted from type 5 to type 3.

3.1 Interannual Variation Characteristics of NDVI by Slope

To reveal slope effects on NDVI changes, mean NDVI values were calculated
by slope grade to analyze interannual variation, as shown in Figure 3a [Figure
3: see original paper]. Overall, NDVI values across all slope grades showed
upward trends during the study period, with four distinct peak growth periods:
2001-2004, 2006-2008, 2011-2012, and 2013-2015. Mean annual NDVI values
also differed across slopes, with smaller slopes generally showing lower NDVI
values. Figure 3b shows the slope values of fitted curves for interannual NDVI
variation by slope grade. Generally, NDVI across all slopes exhibited increasing
trends during the study period, indicating vegetation recovery. NDVI change
trends first increased then decreased with slope gradient, with the most obvious
vegetation improvement occurring on slopes of 7°-20° (Figure 3b).

3.2 Spatial Distribution of NDVI Change Trends

The 16-year mean growing-season NDVT for 2000-2015 was calculated pixel-by-
pixel, and the interannual change slope for each pixel was derived using Equa-
tion (1) to represent NDVI change trends (Figure 4 [Figure 4: see original pa-
per]). The results show that 93.5% of the study area exhibited increasing NDVI
(green areas in the figure), indicating overall vegetation improvement, particu-
larly pronounced in the central and western regions (within Shanxi Province).
Decreasing trends (red areas) appeared in medium and lower elevation zones in
the eastern and southern parts, mainly concentrated in the eastern hilly areas
adjacent to the North China Plain.

3.3.1 Regression Analysis

The scatter plot of NDVI change trends versus slope for 921 samples (Figure 5
[Figure 5: see original paper]) reveals a quadratic function relationship. Using
the 2000-2015 NDVT change trend as the dependent variable and slope as the
independent variable, a regression model was established. The model F-value
was 212.820, significant at the 0.001 level. The regression model revealed the
relationship between slope and NDVI change trend, with both slope and its
quadratic term significantly affecting NDVI change trends at the 0.001 level.
The curve’ s goodness-of-fit was 0.315. The relationship is expressed as:
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y = —0.31122 + 8.098z + 28.027

where y is the NDVI change trend and z is the slope gradient. NDVI increase
trends reached maximum values at approximately 13° slope. When slope was
less than 13°, NDVI change trends increased with slope, indicating that vege-
tation improvement trends gradually increased with slope in this range. When
slope exceeded 13°, vegetation improvement trends began to weaken with in-
creasing slope.

3.3.2 Differences in NDVI Change Trends Across Slope
Grades

To differentiate NDVI change trends across slope grades, statistics were com-
piled by slope grade (Table 1 ). Based on mean values across slope ranges, the
most pronounced NDVI change trends occurred on slopes of 7°-15°, followed
by 15°-20°. Areas with slopes exceeding 20° and below 7° showed relatively
smaller NDVI change trends. Specifically, the mean NDVI change trend in the
7°-20° slope range was 15.8% and 29.8% higher than that in slopes >20° and
7°, respectively. Regarding standard deviation, values decreased with increas-
ing slope, indicating that NDVI change trend distribution became more con-
centrated with steeper slopes. In contrast, lower slope areas exhibited greater
NDVT change trend fluctuations because, while gentle slopes favor vegetation
growth, they also experience more frequent human activities that significantly
impact vegetation change trends.

3.4 Land Use Change and Its Impact on NDVI Across Dif-
ferent Slopes

Land use is the most direct factor affecting vegetation change. This study
briefly analyzed causes of vegetation changes across different slopes from a land
use change perspective. Since 15°-20° represents the critical slope for China’
s Grain-for-Green Program, and considering the differences in NDVI change
trends across slopes shown in Table 1, this study merged the classified slope
ranges into three zones for land use change analysis (Table 2 and Table 3 ): low
slope (0°-7°), medium slope (7°-20°), and high slope (>20°).

Table 2 shows NDVI change trends and land use type areas and changes across
slope grades from 2000-2010. Overall, NDVT across all slopes showed increasing
trends, most pronounced in medium-slope areas. Arable land area decreased
across all slope ranges, grassland area decreased slightly, and unused land and
other land types decreased minimally. Forestland, water bodies, and construc-
tion land areas increased.

To explore conversion areas and directions of land use types, land use tran-
sition matrices were used to analyze changes from 2000 to 2010 across slope
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grades. Table 3 shows that in low-slope areas, decreased arable land was pri-
marily converted to construction land, with 73.74% converting to construction
land, 16.39% to water bodies, 5.99% to forestland, and 3.89% to grassland.
In medium-slope areas, decreased arable land converted 41.41% to grassland,
26.87% to water bodies, 19.86% to construction land, and 11.86% to forest-
land. In high-slope areas, decreased arable land converted 43.45% to grassland,
25.40% to water bodies, and 18.85% to forestland.

Due to irrigated agriculture development, crops grew well during the grow-
ing season. Therefore, land use types reflecting vegetation conditions included
arable land, forestland, and grassland. In low-slope areas (<7°), ¥Hi areas of
arable land, forestland, and grassland were 73,799 hm? 3,464 hm?, and 8,557
hm?, respectively, while ¥ X\ areas were 7,118 hm?2, 6,793 hm?2, and 3,393 hm?,
respectively, resulting in a total vegetation area decrease of 68,516 hm?2. Arable
land and grassland decreased significantly, while forestland, construction land,
and water bodies increased substantially. In medium-slope areas (7°-20°), ¥
areas were 10,428 hm?, 2,317 hm?, and 8,579 hm?2, respectively, with ¥\ areas
of 114 hm?2, 3,190 hm?, and 4,875 hm?2, respectively, resulting in a vegetation
area decrease of 13,145 hm?2. Similar to low-slope areas, arable land and grass-
land decreased while forestland, construction land, and water bodies increased,
though change magnitudes were much smaller. In high-slope areas (>20°), #H
areas were 1,236 hm?2, 1,363 hm?2, and 2,368 hm?2, respectively, with # X\ areas
of 14 hm?2, 787 hm?2, and 812 hm?, respectively, resulting in a vegetation area
decrease of 3,354 hm?2. All three vegetation types decreased to varying degrees,
mainly converting to construction land and water bodies. Additionally, unused
land and other land types had small transfer areas and low transfer rates across
all three slope ranges, primarily converting to construction land and grassland.

Overall, the total area of arable land, forestland, and grassland decreased across
all three slope ranges, mainly flowing to construction land and water bodies.
However, Table 2 shows that NDVI change trends were positive across low,
medium, and high slope ranges, with the most obvious increase in medium-
slope areas, followed by high-slope and low-slope areas. This indicates that
NDVT change trends were not significantly affected by land use type and area
changes. Vegetation changes were primarily influenced by the combined effects
of biochemical conditions, natural environmental factors, and human distur-
bance.

4 Conclusions and Discussion

Based on MODIS data, this study analyzed vegetation index (NDVI) changes
across different slopes in the Taihang Mountains. The findings reveal that mean
annual NDVI values increased with slope gradient, with better vegetation con-
ditions on steeper slopes. Slope is an important factor affecting soil erosion and
directly influences water distribution and accumulation. Different slopes pro-
duce varying degrees of soil erosion, differentially impacting vegetation growth.
Wang et al. found that soil erosion on arable land with slopes >20° was rela-
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tively severe. Since the 21st century, China’ s Grain-for-Green Program has
explicitly prohibited cultivation on slopes >25°; significantly reducing soil ero-
sion and restoring vegetation conditions in this range. Tang et al. demonstrated
that slopes >25° should be prohibited for cultivation in the loess hilly region,
with critical slopes ideally controlled below 15°-20°. Therefore, high-slope areas
are dominated by natural vegetation and reforestation lands, with reduced soil
erosion and less human disturbance, resulting in higher NDVI values compared
to gentle-slope areas.

Through trend line analysis, this study found that NDVI across all slope ranges
in the Taihang Mountains showed increasing trends from 2000-2015, covering
93.5% of the region. Zhang et al. indicated that post-Grain-for-Green, farm-
land abandonment mainly occurred on slopes >8°, concentrated in areas >15°.
Differently, since arable land in the Taihang Mountains is primarily distributed
in areas <15°, farmland abandonment concentrated in medium and low slope
ranges. This study’ s results show that vegetation improvement was most sig-
nificant in medium-slope areas from 2000-2015. On one hand, apart from refor-
estation, farmland abandonment can promote vegetation recovery. Since 2000,
large-scale rural labor outmigration has sharply reduced the agricultural work-
force in mountainous areas, with severe abandonment on steep, low-productivity
farmland, leading to obvious vegetation improvement through natural recovery.
On the other hand, population decreased in the 7°-20° range, reducing human
disturbance. The Taihang Mountains’ elevation map shows that higher altitude
areas generally have steeper slopes. Population outmigration occurred mainly
in high-altitude, steep-slope areas, while population increased in low-altitude,
gentle-slope river valleys and low-lying areas. In summary, the direct effects
of reforestation and abandonment, combined with indirect effects of reduced
human activity intensity due to population outmigration, made vegetation re-
covery most significant in medium-slope areas with concentrated farmland and
population distribution.

Furthermore, a quadratic function relationship existed between slope and NDVI
change trends during the study period. Using 13° as the threshold, vegetation
improvement trends became more obvious with increasing slope when slope was
<13°, reaching maximum at 13°, then weakening with further slope increase.
Similar patterns have been qualitatively described but lacked mathematical ver-
ification.

From the land use transition matrix perspective, land use type and area changes
had minimal impact on vegetation change trends. During the first decade of the
21st century, arable land and grassland decreased while forestland, water bod-
ies, and construction land increased. Decreased arable land in low-slope areas
mainly converted to construction land, while in medium and high-slope areas it
mainly converted to forestland and grassland. NDVI change trends across the
three slope grades followed the pattern: medium slope > high slope > low slope,
indicating that gentle-slope areas experienced the greatest urbanization impact
and relatively weaker vegetation improvement. In terms of total vegetation area
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(arable land, forestland, and grassland), all three slope ranges showed decreases,
with low-slope reductions being 5.2 and 20.4 times those of medium and high-
slope areas, respectively. This demonstrates that while land use type and area
changes had some influence, they did not play a significant role. On one hand,
although vegetation area decreased, the reduction represented a small propor-
tion of total vegetation area (Table 2), with minimal impact at the regional scale.
On the other hand, vegetation changes were more strongly influenced by land
use intensity, such as reduced grazing intensity and logging, which improved
forestland and grassland quality.

Overall, vegetation changes result from the combined effects of vegetation bio-
chemical characteristics, natural environmental conditions (temperature, pre-
cipitation, slope, etc.), and human disturbance (land use intensity, population
pressure, etc.). Fang et al. found that temperature rise, increased summer pre-
cipitation, and intensified agricultural activities may be the main drivers of
NDVT increase. Cai et al. analyzed the significance of climate and population
factors in vegetation changes. These studies indicate that vegetation change is
influenced by complex and diverse factors, representing a comprehensive effect.
For example, improved living standards and energy structures in mountainous
areas reduced fuelwood demand, while increased irrigation area and improved
climate conditions enhanced farmland quality. These aspects require further
research.

This study focused on vegetation condition changes across different slopes in the
Taihang Mountains, mathematically demonstrating vegetation change trends on
different slopes and clarifying their relationship. While previous research on nat-
ural influencing factors of vegetation change has focused mainly on temperature
and precipitation, this study complements that work by specifically analyzing
slope effects, which is crucial for understanding vegetation change factors. How-
ever, this study did not address the mechanisms through which slope influences
vegetation change. Future research should strengthen investigation into the
internal mechanisms of slope effects on vegetation.
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