ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202406.00142

Dynamic Changes in Vegetation Cover and Their
Driving Forces in the Aeolian Sand Influx Section
of the Ulan Buh Desert into the Yellow River:
Postprint

Authors: Zhao Dongying, Meng Zhongju, Meng Ruibing, Ma Ze
Date: 2024-06-12T00:00:00+00:00

Abstract

Based on Landsat imagery data from 2001 to 2021, vegetation coverage was
estimated using the Normalized Difference Vegetation Index (NDVI) and the
pixel dichotomy model to investigate the spatiotemporal variation trends and
driving forces of vegetation coverage in the wind-sand flow into the Yellow River
section of the Ulan Buh Desert, aiming to provide a theoretical basis for vegeta-
tion restoration and the selection of key areas for future ecological construction
in this region. The results indicate that: (1) The overall vegetation coverage in
the study area exhibited a fluctuating upward trend, with favorable vegetation
recovery conditions, as the average vegetation coverage increased from (.294
to 0.526, with the most pronounced increase occurring between 2007 and 2017.
(2) From 2001 to 2021, frequent transitions occurred among different vegetation
coverage levels in the wind-sand flow into the Yellow River section of the Ulan
Buh Desert, wherein large areas of low and relatively low vegetation coverage
transitioned to medium and relatively high vegetation coverage, with transition
areas of 102.00 km? and 128.82 km?, respectively. Additionally, 42.1% of the
study area demonstrated a significant increasing trend, while 4.90% showed a sig-
nificant decreasing trend, predominantly distributed in the section near Wuhai,
which should be designated as a priority area for future ecological restoration
efforts. (3) The spatial heterogeneity of vegetation coverage in this region was
primarily driven by the combined influence of human activities and climatic fac-
tors, with the interactions among driving factors predominantly characterized
by two-factor enhancement, among which the most influential key interactive
factor was land use type and annual average temperature. This study system-
atically and segmentally investigated the dynamic variation characteristics and
driving forces of vegetation coverage in the wind-sand flow into the Yellow River
section of the Ulan Buh Desert, providing theoretical and data support for de-
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sertification control, rational land utilization, and high-quality development in
the study area.

Full Text

Dynamic Change Characteristics and Driving Forces of
Vegetation Cover in the Ulan Buhe Desert Along the
Yellow River
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Abstract

Based on Landsat imagery data from 2001 to 2021, this study employs the
Normalized Difference Vegetation Index (NDVI) and pixel dichotomy model to
estimate vegetation coverage and investigate its spatiotemporal variation trends
and driving forces in the Ulan Buhe Desert section where wind-blown sand en-
ters the Yellow River. The aim is to provide a theoretical basis for vegetation
restoration and the selection of priority areas for future ecological construction
in this region. The results show that: (1) The overall vegetation coverage in
the study area exhibited a fluctuating upward trend, indicating good vegetation
recovery status. The average vegetation coverage increased from 0.294 to 0.526,
with the most significant improvement occurring between 2007 and 2017. (2)
From 2001 to 2021, frequent transitions occurred between different vegetation
coverage levels in the Ulan Buhe Desert’s wind-sand entering Yellow River sec-
tion. Specifically, large areas of low and lower vegetation coverage transitioned
to medium and higher vegetation coverage, with transferred areas of 102.00 km?
and 128.82 km?, respectively. (3) The spatial differentiation of vegetation cov-
erage in this area is primarily driven by the combined effects of human activities
and climate factors. The interactions between driving factors are mainly char-
acterized by dual-factor enhancement, with land use type and annual average
temperature being the key interactive factors with the highest influence. This
study systematically and sequentially investigates the dynamic change charac-
teristics and driving forces of vegetation coverage in the Ulan Buhe Desert’s
wind-sand entering Yellow River section, providing theoretical and data sup-
port for desertification control, rational land use, and high-quality development
in the study area.

Keywords: vegetation coverage; temporal and spatial variation; driving fac-
tors; Ulan Buhe Desert
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Introduction

Desert vegetation is an important component of arid and semi-arid ecosystems
and serves as an indicator of the comprehensive effects of the ecological envi-
ronment in desert regions. It plays a critical role in soil and water conserva-
tion, windbreak and sand fixation, and maintaining oasis stability in arid areas.
Fractional Vegetation Coverage (FVC) is an important parameter for study-
ing surface ecological environment changes and a key indicator reflecting land
degradation and desertification degree.

In recent years, research on the dynamic change characteristics of vegetation
coverage in sandy areas, with the combined effects of natural and human ac-
tivities at the core, has become a focus for many scholars. Numerous studies
have shown that among the many climatic factors affecting vegetation cover-
age change, precipitation is an important driving factor for vegetation cover
change. In desert areas where vegetation growth is constrained by water condi-
tions, the amount of precipitation directly affects changes in soil water content.
Correlation analysis shows that vegetation coverage change in desert areas has
varying degrees of positive and negative correlation with temperature. Appro-
priate temperature can accelerate plant physiological and biochemical reactions
and promote plant growth, but when temperature exceeds the optimal temper-
ature for photosynthesis, high temperature accelerates soil water evaporation
and transpiration, creating arid conditions that negatively affect plant growth.
Additionally, vegetation coverage change is closely related to wind speed and
direction changes in different periods, which affect the speed of desert expansion
or contraction. For example, on dry and loose sandy ground, strong winds can
cause intense sand particle movement, leading to sand burial at oasis edges and
vegetation degradation.

In addition to climatic factors, the impact of human factors on vegetation cov-
erage change cannot be ignored. Land use type, population density, urban and
rural construction, and ecological restoration all have corresponding impacts
on vegetation coverage change. For example, ecological construction projects
can improve vegetation coverage, while unreasonable utilization of ecological
resources by humans can also cause vegetation degradation.

The Ulan Buhe Desert section where wind-blown sand enters the Yellow River
has sparse precipitation, coarse soil, strong evaporation, and a fragile ecological
environment, resulting in particularly frequent wind-sand activities along both
banks of the Yellow River. Large amounts of sand material are transported to
the Yellow River, making it one of the main sources of sediment. According to
statistics, the section of this desert that directly harms the Yellow River exceeds
20 km, transporting approximately 7.728x107{6}$ tons of sand to the Yellow
River annually, accounting for a significant portion of the Yellow River’s sedi-
ment content. Large amounts of sand entering the Yellow River cause riverbed
siltation and frequent flood disasters, seriously threatening the ecological secu-
rity of the region and making it a key area for desertification control at both
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national and autonomous region levels.

In recent years, under the influence of natural factor changes and multiple major
ecological projects, the surface vegetation in the Ulan Buhe Desert’s wind-sand
entering Yellow River section has fluctuated significantly. In particular, the
dynamic change characteristics of vegetation coverage under different habitats
and the main driving factors remain unclear. Studying the spatiotemporal dy-
namics of vegetation distribution and the environmental driving mechanisms at
different spatial scales in this region is of important scientific significance for
maintaining the ecological balance of the Ulan Buhe Desert’s wind-sand entering
Yellow River section. Based on this, this study utilizes remote sensing technol-
ogy, with Landsat data as the source, combined with NDVT and pixel dichotomy
model methods, to systematically and quantitatively study the spatiotemporal
variation trends of vegetation coverage from 2001 to 2021 in the Ulan Buhe
Desert’s wind-sand entering Yellow River section, and uses geographical detec-
tors to analyze the driving factors of vegetation coverage spatial differentiation,
aiming to provide a theoretical basis for windbreak and sand fixation, vegetation
restoration and reconstruction, and ecological restoration in this region.

1. Study Area Overview and Data Processing
1.1 Study Area Overview

The Ulan Buhe Desert section where wind-blown sand enters the Yellow River
(39°35 -40°19 N, 106°46 -107°02 E) is located between Wuda District of Wuhai
City and Dengkou County of Bayannur City in Inner Mongolia, adjacent to Alxa
Left Banner in the west and bordering Hangjin Banner of Ordos City in the east.
Based on the boundary of the Ulan Buhe Desert’s wind-sand entering Yellow
River section and vegetation coverage change conditions, this study delineated
the research area with a total length of approximately 184.35 km and an area
of about 364.13 km?.

The region belongs to a mid-temperate continental arid monsoon climate, with
dry climate and frequent winds. The annual average temperature is 7.8°C, an-
nual average precipitation is 142.7 mm, and annual average sunshine hours are
2400-2900 mm. The annual average wind speed is 4.1 m - s~!, with southwest
winds prevailing throughout the year, most frequent from April to June. The
Ulan Buhe Desert’s wind-sand entering Yellow River section is dominated by
mobile dunes, followed by semi-fixed and fixed dunes. Common plants in the
study area include Agriophyllum squarrosum, Haloxylon ammodendron, Cara-
gana korshinskii, and Suaeda salsa.

1.2 Data Sources and Processing

The remote sensing images and DEM data used in this study were obtained from
the Geospatial Data Cloud (http://www.gscloud.cn). Considering data avail-

chinarxiv.org/items/chinaxiv-202406.00142 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00142

ChinaRxiv [$X]

ability, Landsat 4-5 TM images were selected as the data source for 2001-2011,
and Landsat 8 OLI images for 2013-2021, with a resolution of 30 m$x$30 m. All
scene images were selected during the plant growing season (June-September)
each year, with cloud cover below 10%.

Preprocessing included radiometric calibration and atmospheric correction.
Among them, Landsat 4-5 TM images were geometrically corrected using
Landsat 8 OLI images as the standard. The preprocessed images were used to
extract NDVI, estimate vegetation coverage, reclassify, and subsequently study
the spatiotemporal variation trends and driving forces of vegetation coverage
in the Ulan Buhe Desert’s wind-sand entering Yellow River section.

2. Research Methods

2.1 Estimating Vegetation Coverage

Based on the Normalized Difference Vegetation Index (NDVI) and pixel di-
chotomy model, vegetation coverage (FVC) was calculated using the formula:

_ NDVI—NDVI,,
Fve= NDVI,,— NDVI,

oil

where NDVI_ {soil} represents the NDVI value of pure soil pixels without veg-
etation cover, with its value approaching 0; NDVI_ {veg} represents the NDVI
value of pure vegetation pixels completely covered by vegetation, with its value
approaching 1. Due to the influence of external environments, NDVI_ {soil}
and NDVI_ {veg} values may vary, so they need to be assigned based on ac-
tual conditions. This study used the 5% and 95% confidence intervals of NDVI
frequency accumulation as NDVI_ {soil} and NDVI_{veg} values, respectively.

2.2 Vegetation Coverage Classification

To more clearly study the spatiotemporal variation characteristics of veg-

etation coverage in the Ulan Buhe Desert’s wind-sand entering Yellow

River section, vegetation coverage was classified based on relevant lit-

erature [19-20] and the actual conditions of the study area as follows:

low vegetation coverage (0<FVCS$ 0.2),lowervegetationcoverage(0.2 <

FVC 0.4), mediumvegetationcoverage(0.4 < FVC 0.6), highervegetationcoverage(0.6 <

FVC 0.8), andhighvegetationcoverage(0.8 < FVC 1).Theimagepixelsusedinthisstudywereall30mx$30
m. Combined with the number of pixels under different vegetation coverage

levels, the area occupied by each category in each period was calculated using

GIS 10.6 software.
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2.3 Vegetation Coverage Dynamic Degree

The vegetation coverage dynamic degree is used to quantitatively describe the
intensity of vegetation coverage change within a specific time period and reflect
the change speed of vegetation coverage. The formula is:

L, — L 1
%x—xmo%

K =
T

a

where K represents the vegetation coverage change dynamic degree, with posi-
tive values indicating vegetation coverage increase and negative values indicating
vegetation degradation; L. a represents the area of vegetation coverage in the
initial study period (km?); L_b represents the area of vegetation coverage in
the final study period (km?); and T represents the study period.

2.4 Vegetation Coverage Transfer Matrix

The vegetation coverage transfer matrix can more clearly describe the spatiotem-
poral variation characteristics of vegetation coverage in different periods, reveal
the mutual transformation relationships between different vegetation coverage
levels, and intuitively reflect the area changes of different vegetation coverage
levels.

2.5 Slope Trend Analysis

The Slope trend analysis method was used to test the spatial distribution of
vegetation coverage change trends from 2001 to 2021 in the Ulan Buhe Desert’s
wind-sand entering Yellow River section. The calculation formula is:

nx Y ixFVC, =Y ixY. FVC,
nox Y 2= (300 i)

where n is the number of monitoring years; FVC_i is the vegetation coverage
in year i; and Slope is the linear fitting slope of multi-year vegetation coverage.
When Slope > 0, it indicates an increasing trend in vegetation coverage; when
Slope = 0, it indicates basically unchanged vegetation coverage; when Slope <
0, it indicates a decreasing trend in vegetation coverage. Referring to relevant
literature [27-28], vegetation coverage change trends were classified as: signifi-
cant decrease (Slope < -0.1), slight decrease (-0.1 < Slope < -0.003), basically
unchanged (-0.003 < Slope < 0.003), slight increase (0.003 < Slope < 0.1), and
significant increase (Slope > 0.1).

Slope =

2.6 Geographical Detector

The geographical detector is a statistical method for detecting the spatial dif-
ferentiation of research subjects and revealing the driving forces causing their
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spatial changes. This study mainly used factor detection and interaction de-
tection to analyze the spatial differentiation and driving forces of vegetation
coverage in the Ulan Buhe Desert’s wind-sand entering Yellow River section.

Factor detection is used to explore the spatial differentiation of research subjects
and analyze the explanatory power of driving factors on spatial differentiation.
Interaction detection can identify the interactive relationships between driving
factors, explaining whether the influence on research subjects increases or de-
creases when multiple factors act together, or whether each factor independently
affects the research subject.

3. Results
3.1 Temporal Variation Characteristics of Vegetation Coverage

From 2001 to 2021, the average vegetation coverage in the Ulan Buhe Desert’s
wind-sand entering Yellow River section showed a continuous upward trend,
increasing from 0.294 to 0.526, with the most significant increase occurring
from 2007 to 2017. In terms of vegetation coverage area changes, the combined
area of low and lower vegetation coverage decreased from 15.3% and 17.4%
to 13.9% and 20.8%, respectively, while the combined area of medium, higher,
and high vegetation coverage increased from 44.1% to 42.10% (note: this seems
contradictory, but I'll keep the numbers as they appear in the original).

The vegetation coverage dynamic degree showed obvious differences [Figure 3:
see original paper]. The low vegetation coverage area tended to decrease overall,
with the largest reduction of -12.18% occurring in 2001-2007. The lower vegeta-
tion coverage area showed a phased increase after 2007, with dynamic degrees of
24.59% and -14.71%, respectively. The medium vegetation coverage area tended
to increase overall, with the largest increase of 21.05% in 2007-2017. The higher
vegetation coverage area tended to increase overall, with the largest increase of
13.07% in 2007-2017. The high vegetation coverage area showed little change,
with the maximum dynamic degree of 6.53% in 2001-2007. This indicates that
with the launch of key forestry projects and a series of desert ecological projects,
vegetation coverage along the Yellow River section of the Ulan Buhe Desert has
been correspondingly improved, and ecological restoration in the study area has
achieved certain results.

3.2 Spatial Variation Characteristics of Vegetation Coverage

The spatial distribution of vegetation coverage in the Ulan Buhe Desert’s wind-
sand entering Yellow River section from 2001 to 2021 [Figure 4: see original
paper] shows obvious distribution patterns: vegetation coverage gradually in-
creased from the near-Wuhai section to the near-Dengkou section along the
Yellow River flow direction, and due to water constraints, vegetation coverage
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showed varying degrees of decrease extending transversely from the bank to the
desert hinterland.

Slope trend analysis [Figure 5: see original paper] shows that vegetation cover-
age in the study area overall developed in a sustained positive direction. Areas
with significantly and slightly increasing trends accounted for approximately
42.10% and 37.10% of the total study area, respectively, mainly distributed in
the western and central parts of the study area. Areas with basically unchanged
vegetation coverage accounted for 15.60% of the total area. Due to wind-sand
entering the Yellow River and sand accumulation in the river channel, vegetation
coverage around the Yellow River showed a slight decreasing trend, accounting
for about 14.90% of the total area. Areas showing a significant decreasing trend
accounted for 4.90% of the study area, mainly distributed in the southeastern
part of the Ulan Buhe Desert’s wind-sand entering Yellow River section, i.e., the
near-Wuhai section, where vegetation coverage showed significant degradation
and should be a key focus area for future ecological restoration.

To further study the spatial variation characteristics of vegetation coverage, a
transfer matrix of different vegetation coverage levels from 2001 to 2021 was
constructed based on ArcGIS 10.6. The results show that vegetation coverage
transfer between different levels was not obvious but overall developed posi-
tively. From 2001 to 2007, low vegetation coverage mainly transferred to lower
vegetation coverage, with a transfer area of 83.16 km?. From 2007 to 2017, large
areas of low and lower vegetation coverage transferred to medium and higher
vegetation coverage, with transfer areas of 102.00 km? and 128.82 km?, respec-
tively. From 2017 to 2021, transfers between different vegetation coverage levels
tended to stabilize, with transfer-in and transfer-out states basically balanced
[Figure 6: see original paper].

3.3 Analysis of Driving Factors of Vegetation Coverage

The geographical detector was used to analyze the driving forces of vegetation
coverage spatiotemporal changes in the Ulan Buhe Desert’s wind-sand entering
Yellow River section and the interactions between driving factors.

Single-factor detection results show that, except for the aspect factor, all driving
factors had significant effects on vegetation coverage in the study area. Among
them, land use type change was the primary factor affecting vegetation cov-
erage change, followed by annual average sunshine hours and annual average
temperature . In recent years, artificially planted vegetation through ecological
restoration projects has become the main vegetation cover type in the study
area, and land use types in the region have gradually diversified, making signif-
icant contributions to the spatiotemporal changes of vegetation coverage in the
study area.

Interaction detection results [Figure 7: see original paper| show that all two-
factor interactions in the Ulan Buhe Desert’s wind-sand entering Yellow River
section significantly strengthened the explanatory power for vegetation coverage
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spatial differentiation compared to single factors, mainly showing dual-factor en-
hancement. The key interactive factors with high influence include land use type
and annual average temperature (q=0.847), land use type and population spa-
tial distribution (q=0.831), land use type and annual precipitation (q=0.823),
and land use type and annual average wind speed (q=0.816). The remaining
factor interactions had relatively smaller explanatory power for vegetation cov-
erage spatial differentiation, indicating that land use type change dominates the
impact on vegetation coverage, while annual average temperature, annual pre-
cipitation, and annual average sunshine hours also have corresponding effects
on the spatial heterogeneity of vegetation coverage in the study area.

4. Discussion

Vegetation coverage, as one of the important parameters indicating ecological
environmental quality, can characterize the spatiotemporal dynamic changes of
vegetation cover. The research results are consistent with studies by Qi Zhao et
al. and Zhang Zhiqiang et al. The study area is located in an arid and semi-arid
region where vegetation responds highly sensitively to water conditions, and
precipitation is a limiting factor for vegetation growth.

Since 2000, precipitation in the Ulan Buhe Desert’s wind-sand entering Yel-
low River section has increased significantly, with annual average precipitation
reaching 129.58 mm and evaporation decreasing during the period. Using trend
analysis and transfer matrix models, the study found that affected by gradi-
ent differences in site conditions and ecological restoration projects, vegetation
coverage in the Ulan Buhe Desert’s wind-sand entering Yellow River section
showed a spatial distribution pattern of low in the south and high in the north,
extending transversely from the bank to the desert hinterland. Transfers be-
tween different vegetation coverage levels were frequent during the period, with
lower and low vegetation coverage transferring to medium and higher vegeta-
tion coverage in large areas (47.13% from lower to medium coverage, 37.01%
from medium to higher coverage). In recent years, the state and autonomous
region have vigorously implemented the ‘Three-North Shelterbelt System’, sand
closure for afforestation and grass cultivation, and Ulan Buhe Desert ecological
construction projects. The comprehensive forest and grass vegetation coverage
in the study area is relatively good, and wind-sand entering the Yellow River
has been further controlled.

Using geographical detectors to further analyze the influencing factors of vege-
tation coverage spatial changes in the wind-sand entering Yellow River section,
the results show that land use type is an important driving factor affecting
vegetation coverage distribution in the study area. Human activities mainly
affect vegetation changes by altering land use types. The study area is a typical
region for high-quality development and ecological construction in the Yellow
River Basin, where reasonable vegetation allocation remains the main restora-
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tion measure. The near-Dengkou section has diverse land use types, including
typical oases, forest land, grassland, farmland, and water areas. Since 2015, this
section has built an efficient water-saving irrigation project using Yellow River
water, with good water conditions that are beneficial for accelerating the decom-
position and transformation of soil organic matter, thereby positively promoting
plant growth and improving vegetation coverage trends.

The near-Wuhai section has a typical desert climate, with annual average wind
speed of about 3.7 m - s, strong surface wind erosion, and vegetation degrada-
tion in some areas of this section. The area is still dominated by mobile sand
and low vegetation coverage, with significant vegetation degradation, making it
a key focus area for future ecological restoration.

5. Conclusion

Using the dynamic degree index, vegetation coverage transfer matrix, Slope
trend analysis, and factor detection methods, this study investigated the spa-
tiotemporal variation characteristics and driving forces of vegetation coverage
in the Ulan Buhe Desert’s wind-sand entering Yellow River section from 2001
to 2021. The results are as follows:

(1) In terms of temporal variation, vegetation coverage in the Ulan Buhe
Desert’s wind-sand entering Yellow River section from 2001 to 2021 showed
an overall fluctuating upward trend, with good vegetation recovery status.
The average vegetation coverage increased from 0.294 to 0.526, with the
greatest improvement from 2007 to 2017. In terms of vegetation coverage
area changes, the area of lower and low vegetation coverage decreased
from 15.3% and 17.4% to 13.9% and 20.8%, respectively, while the area
of higher and high vegetation coverage increased from 20.8% to 44.1%.

(2) In terms of spatial variation, vegetation coverage in the Ulan Buhe Desert’s
wind-sand entering Yellow River section from 2001 to 2021 showed an
overall increasing trend with local decreases. Transfers between different
vegetation coverage levels were frequent, with large areas of low and lower
vegetation coverage transferring to medium and higher vegetation cover-
age. In addition, 42.1% of the study area showed a significant increasing
trend, mainly in the near-Dengkou section, while 4.90% of the area showed
a significant decreasing trend, mainly distributed in the near-Wuhai sec-
tion, which should be a key focus area for future ecological restoration.

(3) The spatial differentiation of vegetation coverage in the Ulan Buhe
Desert’s wind-sand entering Yellow River section is mainly related to
climate factors and human activities. The interactions between driving
factors are primarily characterized by dual-factor enhancement, with the
most significant interactions occurring between land use type and annual
average temperature, land use type and annual precipitation, and land
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