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Habitat quality assessment is an important basis for ecological restoration
practice. Taking the Tacheng region as an example, the InVEST model was
used to evaluate the habitat quality of the Tacheng region in five periods from
2000 to 2020, and analyze the reasons for its changes, to provide theoretical
guidance for ecological restoration practice in arid areas. The conclusions were
that from 2000 to 2020, the habitat quality in the Tacheng region improved
slightly, and the value of the habitat index in the Tacheng region was the highest in
2010, which was 0.577, and then decreased slightly. The habitat quality in the
Tacheng region was significantly influenced by land use type conversion and
precipitation. The change in land use type directly affected the change in habitat
quality. The study region is located in an arid area; the forest land and grassland
native to the region have more vegetation communities and genera of species and
can be self-sustaining and resilient to disturbance, having high scores for habitat
quality. The species of arable land is a monoculture; it cannot be self-sustaining
and resilient to disturbance, and though it has high vegetation cover, the value of
habitat quality is lower than that of forestland and grassland. The vegetation of
unused land is rare, and the ecosystem of unused land is sensitive and vulnerable;
the habitat quality scores are very low. The conversion of forest land, grassland,
arable land, and unused land would directly affect the value of habitat quality, and
conversion was the main factor affecting the change in habitat quality. In addition,
precipitation was also an important factor affecting the change in habitat quality in
the Tacheng region, which affected the biomass of natural vegetation and then
affected the habitat quality. The results provided the temporal and spatial change
of habitat quality and its driving forces in the Tacheng region, which helps
determine appropriate measures and sites in ecological restoration projects.
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1 Introduction

The ecological environment in an arid area is fragile, and habitat quality is poor. Rapid
economic development, urban expansion, and farmland reclamation in arid areas result in
habitat fragmentation, various environmental problems, a reduction in biodiversity (Qiu
et al, 2017; Zhang et al., 2021), and deterioration of the ecological environmental quality.
Ecological restoration projects need to be carried out immediately. Ecological restoration
planning is a prerequisite for the implementation of ecological restoration projects.
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Ecological restoration planning requires a clear quantitative analysis
of the ecological environment in both time and space in order to
delineate different governance areas in the restoration process.
Therefore, improved knowledge on the spatial and temporal
analysis of ecological environmental quality changes is needed.

The habitat quality index refers to the ability of an ecosystem to
provide individuals and populations with sustainable development
within a certain spatial and temporal range (Nelson et al., 2009; He
et al, 2017; Chen et al., 2021). The habitat quality index is usually
used to evaluate the biodiversity of an ecosystem and ecological
services. The change in the habitat quality index is affected by many
factors. Land use change is one of the most important factors directly
affecting the habitat quality index. In general, forest land and
grassland have excellent habitat quality with a variety of species,
numerous plant communities, and the capacity to be self-sustaining
and adaptable to disturbances (Chen et al., 2023). Arable land
typically has a monoculture with high vegetation cover, with
moderate habitat quality. The plant species of unused land is
rare, and its ecosystem is sensitive and vulnerable, with very poor
habitat quality. The conversion of forest land, grassland, arable land,
and unused land would directly affect the value of habitat quality (Li
et al,, 2022a; Wei et al, 2022). Land reclamation will change the
structure of the ecosystem and destroy the connectivity of the
landscape (Xu et al., 2019; Berta Aneseyee et al., 2020), as well as
the material cycle and energy flow inside and outside the habitat,
thus affecting the ecological environment quality. The quantitative
description of the habitat quality index is difficult.

The habitat quality index had been calculated with complex
models, such as the CA-Markov model, InVEST model, and PLUS
model (Xu et al., 2020; Wang et al., 2021; Li et al., 2022b). The spatial
distribution and evolution characteristics of regional habitat quality
indices had been revealed. In regions with a dense population, rich
natural resources, and rapid socio-economic development, the value
of the habitat quality index was significantly affected by human
activities (Zhao et al,, 2022a), showing a habitat fragmentation
phenomenon. Cultivated land and urban construction occupied a
large amount of land, and the conversion of woodland and grassland
to cultivated land, construction land, and other land types
significantly reduced the regional habitat quality (Jiang and Wu,
2021). Many scholars had also discovered that land use had a great
impact on the habitat quality index in the arid zone (Zhang et al.,
2022; Zhang et al., 2020a; Li et al., 2020; Wang and Cheng, 2022).
With a sparse population, poor vegetation cover, and high soil
erodibility in the arid zone, natural factors affecting the amount of
vegetation biomass, such as climate, earthquakes, and insect pests,
may have a greater impact on habitat quality (Chen et al., 2014; Xie
et al,, 2015; Ding et al., 2016). However, natural factors such as
precipitation, drought, and characteristics of regional vegetation had
hardly been considered in the model calculation of habitat quality.
The spatial and temporal distribution of natural factors is uneven in
the arid area, which has a great impact on the ecosystem, which not
only affects the service of the ecosystem but also affects the
sustainable development of the region. Therefore, the impact of
natural factors on regional habitat quality should be considered to
enhance our knowledge of ecological restoration.

Habitat quality change is the basis of ecological restoration work.
Ecological restoration engineering projects should be implemented
in the areas where habitat quality has significantly deteriorated. The
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FIGURE 1

Study area location—Tacheng region, northwestern Xinjiang

Uygur Autonomous Region, China, and the elevation of the Tacheng
region, elevation data from the Resource and Environmental Science
and Data Center of the Chinese Academy of Sciences (http://
www.resdc.cn/), with a resolution of 30 m.

value of habitat quality was calculated in most of the studies.
However, the reasons causing the change in habitat quality were
not analyzed in most theses published, and the ecological restoration
schemes implemented were not coordinated with the spatial
deterioration of habitat quality, hence requiring further study in
this field. In order to implement ecological restoration projects more
accurately and effectively, it is crucial to investigate the factors
influencing habitat quality change and quantitatively analyze the
change characteristics of the habitat quality for ecological
restoration.

In arid areas, where the local ecological environment is fragile
and the overall quality of the habitat is poor, the degraded
ecosystem is more difficult to restore. It is necessary to
implement a more artificial intervention in ecological
restoration, according to local conditions. However, where and
when to implement ecological restoration projects is still a
puzzling problem. In this context, we assume that the sharply
degraded areas of habitat need to implement ecological
which

manpower and financial resources but also improve the overall

restoration projects quickly, can not only save
restoration efficiency. Hence, we conducted quantitative analysis
on the overall habitat quality temporally and spatially in the
Tacheng region using the habitat quality module of the InVEST
model, based on multi-phase data of land use and threat sources,
to explore the ecological environment quality. The influencing
factors of habitat quality in the Tacheng area were analyzed

through land use change and precipitation. Our goal is to put
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FIGURE 2

Land use and land cover (LULC) in the Tacheng region. The map
describes the land use and land cover in the Tacheng region in 2020,
including six primary land use types: grassland (yellow—-green),
cultivated land (orange), water area (blue), forest land (green),
unused land (gray), and construction land (red). LULC data from the
Resource and Environmental Science and Data Center of the Chinese
Academy of Sciences (http://www.resdc.cn/), with a resolution

of 30 m.

forward suitable measures of ecological restoration for areas with
degraded habitat according to the factors affecting habitat
quality.

2 Materials and methods
2.1 Research area

The Tacheng region is located in the northwest of Xinjiang,
China, between 82°16'-87°21'E and 43°25'-47°15'N (Figure 1). The
Tacheng region has an area of 10.5410* km” x 10* km* and includes
seven cities: Tacheng City, Wusu City, Shawan City, Emin County,
Yumin County, Tuoli County, and Hebuksal County. By 2020, the
population of the Tacheng region was 113.8 x 104, and the GDP was
73.757 billion CNY.

The Tacheng region is located in the northwest of the Junggar
Basin in Xinjiang, China. The average annual temperature is 7.1°C,
the average annual precipitation is about 250 mm, and the average
wind speed is 2.45 m/s. The geomorphic features in the Tacheng
region are mainly mountains, mountain plains, basins, valleys, and
deserts. The main soil types are brown calcium soil, chestnut soil,
gray desert soil, gray-brown desert soil, chernozem soil, aeolian sand
soil, alpine meadow soil, and meadow brown calcium soil. The main
types of ecosystems include the Haloxylon desert ecosystem,
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Seriphidium desert ecosystem, Festuca grassland ecosystem, Stipa
grassland ecosystem, Achnatherum meadow ecosystem, Picea forest
ecosystem, artificially constructed urban ecosystem, and farmland
ecosystem.

The land use types are mainly unused land and grassland,
accounting for 80% of the whole region. Unused land is mainly
distributed in Hebuksal County, which is located in the west of
Tacheng, and grassland is mainly distributed in the Tarbahatai
Mountains, Sawur Mountains, Barluk Mountains, and Tianshan
Mountains. Arable land accounts for approximately 16%, mainly
distributed in the oasis. Water area accounts for approximately 2%,
mainly consisting of the glacier area, distributed in the Tianshan
Mountains above the snow line. Other types of land account for very
little; for example, the amount of construction land and forest land
accounts for 2%. The construction land is mainly located in the
oasis, while the forest land is mostly distributed in the mountains
and the shelter belt of the oasis (Figure 2).

2.2 Data sources

The data of land use/land cover (2000, 2005, 2010, 2015, and
2020) in the Tacheng region were collected from the Resource and
Environmental Science and Data Center (http://www.resdc.cn/),
with a resolution of 30 m. In the classification system of China’s
Multi-period Land Use Remote Sensing Monitoring Data Set
(CNLUCC), land use types were divided into cultivated land,
forest land, grassland, water areas, construction land, and unused
land according to land utilization attributes. Precipitation data with
a resolution of 1,000 m were collected from the National Earth
System Science Data Center (http://www.geodata.cn/).

2.3 Research methods

The InVEST model comprehensively assesses ecosystem services
and evaluates the quality of ecosystem services and their changes,
realizing the quantitative assessment of ecosystem service functions
and spatial visualization of the change (Peng et al., 2018; Zhao et al.,
2019). Compared with other assessment methods, the InVEST
model is more comprehensive and can calculate the value of
various ecosystem services using land use and environmental
data and socioeconomic factors under different policy scenarios
(Wu et al., 2018).

Habitat quality refers to the ability of an ecosystem to provide for
the survival, reproduction, and development of organisms in the
habitat. It is usually used to characterize the richness of biodiversity
(Li et al,, 2021). The habitat quality index will be used to represent
the quality of habitat and its change characteristics. The habitat
quality model, a module of the InVEST model, requires the
following data to evaluate habitat quality: land use data, stress
factor data, habitat sensitivity data, and semi-saturation and
constants (Zhu et al., 2020). Land use data is the basic index for
evaluating habitat quality, and habitat quality will change with the
change of land use type. Stress factor is the main factor affecting the
habitat quality and has different degrees of influence with the change
in distance from the habitat. Sensitivity data reflect the sensitivity of
different types of habitats to stress factors. The lower the relative
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TABLE 1 Threat factors and their pressure responses.

Stress factors Maximum impact distance/km Weight (wr) Decay type
Cultivated land 4 0.6 Linear decay
Urban land 8 0.8 Exponential decay
Rural settlement area 6 0.6 Exponential decay
Other construction land 7 0.7 Exponential decay
Unused land 4 0.4 Linear decay

Note: This table refers to the habitat quality assessment system of Wang (Baixue et al,, 2021), Chu (Zhou et al,, 2020), and Xu (Chu et al,, 2018b).

TABLE 2 Sensitivity of land use types to habitat threat factors.

Habitat Stress factors
suitability
Cultivated Urban Rural settlement Other construction Unused
land land area land land

Paddy field 0.5 0 0.8 0.6 0.7 0.4
Dry land 0.5 0 0.8 0.6 0.7 0.4
Forest land 1 0.7 0.9 0.8 0.8 0.5
Shrub wood 1 0.6 0.8 0.7 0.7 0.4
Thin stocked land 0.9 0.7 0.9 0.8 0.8 0.5
Other woodland 0.8 0.7 0.9 0.8 0.8 0.5
High coverage grassland 0.9 0.6 0.7 0.7 0.7 0.7
Medium coverage 0.8 0.7 0.8 0.8 0.8 0.7
grassland

Low coverage grassland 0.7 0.7 0.8 0.8 0.8 0.7
Canals 0.9 0.4 0.7 0.6 0.7 0.4
Lakes 0.9 0.4 0.7 0.6 0.7 0.4
Reservoir pits 0.9 0.4 0.7 0.6 0.7 0.4
Permanent glacial snow 0.9 0.4 0.7 0.6 0.7 0.4
Beach 0.9 0.4 0.7 0.6 0.7 0.4
Urban land use 0 0 0 0 0 0
Rural settlements 0 0 0 0 0 0
Other construction land 0 0 0.7 0.6 0 0
Sandy 0.3 0.4 0.6 0.5 0.6 0
Gobi 0.3 0.4 0.6 0.5 0.6 0
Saline-alkali soil 0.3 0.4 0.6 0.5 0.6 0
Marsh land 0.3 0.4 0.6 0.5 0.6 0
Bare land 0.3 0.4 0.6 0.5 0.6 0
Bare rock stony ground 0.3 0.4 0.6 0.5 0.6 0
Other unused land 0.3 0.4 0.6 0.5 0.6 0

Note: This table refers to the habitat quality assessment system of Wang (Baixue et al., 2021), Chu (Zhou et al., 2020), and Xu (Chu et al., 2018b).

sensitivity of sensitive data to stress factors, the stronger the The InVEST model’s habitat quality index value ranges between
adaptability and anti-interference ability inside the habitat, and 0 and 1. The higher the value, the better the habitat quality, and the
the higher the quality of the habitat (Chu et al., 2018a; Zhu and  lower the value, the poorer the habitat quality (Feng et al., 2018). In
Kasimu, 2020; Lei et al., 2022). this paper, the intensity table of external threats (Table 1) and the
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TABLE 3 Land use conversion matrix in the Tacheng region from 2000 to 2020 (Unit: km?).

Time periods  Land use type Grassland Cultivated land  Construction land  Forest land ~ Water area  Unused land
2000-2005 Grassland 40239.83 34.07 0.42 21.70 20.14 38.11
Cultivated land 53234 8057.32 1.09 25.80 9.69 406.79
Construction land 5.71 4.58 470.66 0.16 0.02 72.95
Forest land 45.01 2.16 0.14 3563.04 0.28 333
Water area 7.29 3.32 0.05 3.89 2007.11 12.89
Unused land 15.44 29.32 0.15 3.17 13.36 38858.99
2005-2010 Grassland 35059.39 591.72 28.92 2169.19 210.83 8121.95
Cultivated land 2213.33 8202.77 149.26 239.73 30.95 928.72
Construction land 94.81 157.04 305.27 12.51 2.19 96.84
Forest land 676.31 19.18 0.90 1011.16 0.47 7327
Water area 137.89 23.70 1.88 21.31 642.08 118.95
Unused land 2174.61 38.68 67.88 160.33 1148.07 29580.93
2010-2015 Grassland 45473.32 160.36 438 193.97 36.64 86.60
Cultivated land 390.17 11550.98 23.80 233 6.74 58.47
Construction land 29.94 36.27 638.33 0.23 28.96 58.92
Forest land 184.42 2.88 0.14 1580.55 0.70 3.53
Water area 12.17 5.86 0.51 0.87 825.73 87.84
Unused land 77.39 8.35 1.50 341 47.08 32876.70
2015-2020 Grassland 44635.12 263.15 46.65 290.83 23.77 165.05
Cultivated land 845.31 11671.06 50.81 9.29 23.00 70.40
Construction land 39.35 54.33 619.01 0.17 3.82 21.17
Forest land 268.55 13.51 0.33 1465.79 1.36 8.79
Water area 48.50 12.28 2241 0.89 784.17 107.04
Unused land 117.63 18.15 53.44 5.25 96.86 32641.88

sensitivity table of threat factors (Table 2) were constructed using the
habitat quality evaluation system of Wang (Baixue et al., 2021), Chu
(Zhou et al., 2020), and Xu (Chu et al,, 2018b), and the habitat
quality map of the study area was obtained by running it in the
habitat quality module of the InVEST model. The formula for
calculation is as follows:

Hi( 1 Dy
W=\ b))

Here, Qy; is the habitat quality of grid x in land use j, Hj is the
habitat suitability of type j (Iand use), Dy; is the habitat degradation
degree of grid x in land use j, k is the semi-saturation constant, and
z is the normalization constant, with a typical value of 2.5. The
Dxj calculation formula is (Huang et al., 2020; Li et al., 2021; Xu
et al.,, 2021)

(1)

R Y \A .
ij = Zr:lZy:l <ZR—M)rylrxyﬁijr. (2)
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Here, r is the threat source, R is the number of threat sources; y is
the index of all grid numbers in the land use map; Y, is the grid
number of threat source r in the land use map; ry is the grid
number occupied by threat source; w, is the weight of threat
source r, representing the relative destructive power of a threat
factor to all habitats; and the value range is 0-1. i,y is the danger
level of the threat source value of grid y to habitat grid x; Py is the
reachability level of grid x, with a value ranging from 0 to 1; and
the higher the value, the easier it is to reach. S;; is the sensitivity of
land use j to threat source r, and its value varies from 0 to 1. The
larger the value, the more sensitive it is.

The habitat quality map of each period was obtained using the
raster map of land use, threat factors, and sensitivity table in the
habitat quality module in the InVEST model. In ArcGIS, the
natural fracture method was used to classify the habitat quality
into four grades from low to high: harsh habitat (0,0.4), general
habitat (0.4,0.7), good habitat (0.7,0.9), and excellent habitat
(0.9,1.0).
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FIGURE 3

Land use change in the Tacheng region from 2000 to 2020. This map describes the land use change in the Tacheng region in 2000, 2005, 2010,
2015, and 2020. The classification of the land use includes six primary land classes: grassland (yellow—green), cultivated land (orange), water area (blue),
forest land (green), unused land (gray), and construction land (red). The data were collected from the Resource and Environmental Science and Data
Center of the Chinese Academy of Sciences (http://www.resdc.cn/), with a resolution of 30 m.

3 Results
3.1 Conversion of land use types

The Tacheng region’s land use transfer matrix was calculated in
ArcGIS over five periods, as shown in Table 3. According to the
land use transfer matrix, land use type change is more common
in the Tacheng region, as evidenced by an increase in cultivated
land and grassland and a decrease in unused land, woodland,
and water area. From 2000 to 2005, the main conversion was
from grassland and unused land to arable land, with 498.27 km®
of grassland transformed to arable land and 977.46 km* of
unused land converted to arable land. Between 2005 and
2010,
woodland, grassland, and arable land. The area of grassland

the main changes were the conversion among
converted to arable land was 1,621.61 km?, and the area of
woodland converted to grassland was 1,492.88 km®. The area

of water degraded to unused land was 1,029.12 km®. The area of

Frontiers in Environmental Science

the unused land decreased from 40,356.35 km? to 33,170.51 km?,
most of which was converted to arable land and grassland, of
which 890.04 km? was converted to arable land and 5,947.24 km?
was converted to grassland. From 2010 to 2015, the main
conversion types were still found among grassland, arable
land, and woodland. The area of grassland converted to
cultivated land and forestland (574.59 km?) was more than
that of cultivated land and forestland converted to grassland
(354.33km?). The area of grassland decreased from
47,948.78 km? to 47,727.5 km?. From 2015 to 2020, the main
conversion types were still among woodland, grassland, and
arable land. The grassland was mainly converted to cultivated
land, with an area of 582.16 km>. The area of woodland
converted to grassland was located in the southern woodland
margin, totaling 24.74 km?. The area of unused land converted to
cultivated land was mainly distributed in the southern region,
totaling 25.17 km®. The area of cultivated land increased from
6,576.43 km” to 7,108.32 km®.
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FIGURE 4

Distribution of annual precipitation in the Tacheng region from 2000 to 2020. The map describes the annual precipitation of the Tacheng region in
2000, 2005, 2010, 2015, and 2020. The annual precipitation is divided into five sections: 0-100 mm (red), 100-200 mm (orange), 200-300 mm
(yellow—green), 300-400 mm (blue), and 400-800 mm (deep blue). Precipitation data with a resolution of 1,000 m are collected from the National

Earth System Science Data Center of China (http://www.geodata.cn/).

According to Figure 3, from 2000 to 2020, the areas of
grassland, woodland, arable land, water area, and unused land
in the Tacheng region changed significantly. The grassland was
mainly converted into cultivated land, woodland, and unused
land. The cumulative area of grassland converted to cultivated
land was 3,981.15km’ the cumulative area of grassland
converted to woodland was 1,174.29 km? and the cumulative
area of grassland converted to unused land was 2,385.07 km”.
Woodland was mainly converted to grassland, with a conversion
area of 2,675.69 km>. Arable land was primarily converted to
grassland, with a conversion area of 1,049.3 km?. The water area
(glacier) was primarily converted to unused land, with a
conversion area of 1,305.37km®. The unused land was
principally converted to grassland and arable land, of which
the
8,411.72 km? and the area of unused land converted to arable
land was 1,464.38 km”.

area of unused land converted to grassland was
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The change in vegetation biomass will have a direct impact on the
region’s habitat quality. The habitat quality of areas with high
vegetation biomass, such as woodland and grassland, is usually
higher, while the habitat quality of unused soil is generally lower.
The woodland and grassland native to the region have more
vegetation types and genera of species and can be self-sustaining
and resilient to disturbance, having high scores of habitat quality. The
species of arable land and construction land is a monoculture and
cannot be self-sustaining and resilient to disturbance, though it has
high vegetation cover; the value of habitat quality is lower than that of
woodland and grassland. The vegetation of unused land is rare, and
the ecosystem of unused land is sensitive and vulnerable; the scores of
habitat quality are very low. The conversion of woodland, grassland,
arable land, construction land, and unused land would directly affect
the value of habitat quality and is the main factor affecting the change
in habitat quality. As a result, the changes in land use type directly
impact on habitat quality.
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3.2 Variation of precipitation

Precipitation has a significant impact on vegetation biomass and is
the primary determinant of habitat quality in arid areas. Figure 4 depicts
the precipitation in the Tacheng region. The annual average
precipitation in the Tacheng region fluctuated to some extent
between 2000 and 2020, but the change was not significant. The
average precipitation of the five periods was 197.336 mm,
211.869 mm, 224.244 mm, 225.47 mm, and 193.853 mm, respectively.

Figure 4 shows that the Tarbahatai Mountains, Barluk
Mountains, and Tianshan Mountains have an annual average
precipitation >200 mm in the Tacheng region. These areas have
abundant forest and grass resources, a high biomass of vegetation,
and good habitat quality. The areas with an average annual
precipitation of <200 mm are mostly desert, Gobi, and bare land,
with very low vegetation biomass and poor habitat quality.

Precipitation varied significantly across the Tacheng region. The
regions with significant precipitation variation were mainly the
Tarbahatai Mountains, Barluk Mountains, Sawur Mountains, and
Tianshan Mountains with high precipitation. From 2000 to 2005,
the precipitation changes were concentrated in the Baluk Mountains
and the Tianshan Mountains. The average annual precipitation
increased from 200-300 mm to 300-400 mm in the large area of
Barluk Mountains and from 300-400 mm to 400-800 mm in the
Tianshan Mountains. From 2005 to 2010, the precipitation changes
were mainly concentrated in the Tarbahatai Mountains, Baluk
Mountains, and Tianshan Mountains. The average annual
precipitation in almost all areas of the Tarbahatai Mountains was
more than 300 mm, and the average annual precipitation in the
Tarbahatai Mountains increased from 300-400 mm to 400-800 mm.
The average annual precipitation in the Barluk Mountains was more
than 300 mm. However, the average annual precipitation in the
Tianshan Mountains decreased from 400-800 mm to 300-400 mm.
From 2010 to 2015, precipitation changes were primarily concentrated
in the Barluk Mountains and the Tianshan Mountains. In 2015, the
average annual precipitation in the Barluk Mountains decreased,
compared with 2010, with most areas ranging from 300 to 400 mm,
and only a few areas with high elevations reaching 400-800 mm.
in the
precipitation increased, reaching 400-800 mm. From 2015 to 2020,

However, Tianshan Mountains, the average annual
the precipitation changes were mainly distributed in the Barluk
Mountains and Tianshan Mountains. The areas of average annual
precipitation of 300-400 mm in the Barluk Mountains reduced
significantly. The average annual precipitation in the Barluk
Mountains was only 200-300 mm. In the northern area of the
Barluk Mountains, a large area had an average annual precipitation
of 100-200 mm. The average annual precipitation in the Tianshan
Mountains decreased from 400-800 mm to 300-400 mm.

Precipitation has a significant impact on vegetation biomass in
arid regions. The regions with high precipitation always have more
plants, wild animals, and biodiversity, and the community structure
is more stable, often with higher habitat quality, while the low
precipitation areas consist of fewer species and simple structures,
frequently with lower habitat quality. With a significant variation in
precipitation, the plants, wild animals, and biodiversity change,
which in turn affects habitat quality. Therefore, the change in
regional habitat quality will be influenced to some extent by the
increase or reduction in precipitation.
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3.3 Characteristics of habitat quality change

3.3.1 Temporal changes in habitat quality

The habitat quality module of the InVEST model assessed the
habitat quality in the Tacheng region in 2000, 2005, 2010, 2015, and
2020. The findings are depicted in Figure 5. The graph showed that the
Tacheng region’s habitat quality was generally poor. The habitat quality
index had an average value of 0.567, 0.566, 0.577, 0.576, and 0.575. The
Harsh habitat made up the greatest portion of the territory, at
approximately 40%. The sizes of the Good and General habitats
were almost similar, with each around 25%, while the area of
Excellent habitats was much less (approximately 10%).

The Tacheng region’s habitat quality was steady between 2000 and
2020, with a slight variation. From 2000 to 2010, the habitat quality
index increased and decreased slightly from 2010 to 2020. The area of
Good habitat quality decreased from 44,463.38 km” to 43,968.22 km®
between 2000 and 2005. The area of Harsh habitat decreased from
39,393.06 km” to 38,920.66 km? between 2000 and 2005. The quality of
the environment as a whole somewhat deteriorated. From 2005 to 2010,
the area of Good habitat and Excellent habitat increased rapidly from
55,589.89 km” to 61,342.52 km’, while the area of Harsh habitat quality
decreased from 38,920.66 km* to 33,170.51 km®. The habitat quality
index increased from 0.566 to 0.577. From 2010 to 2020, the area of
Good habitat quality increased by 223.41 km?, while the area of Harsh
habitat quality decreased by 237.30 km?. The change of habitat quality
in the Tacheng region was steady.

3.3.2 Spatial distribution and variation of habitat
quality

The distribution of habitat quality in the Tacheng area was not
homogeneous, as shown in Figure 5. The Barluk Mountains, the
Talbahatai Mountains, and the northern slope of the Tianshan
Mountains were the major distribution areas for the Good and
Excellent habitat regions. These regions had a greater altitude, more
rain, and less human activity disruption. The General habitats,
which were mostly man-made ecosystems like urban and
cultivated land, were found in the oases. The Harsh habitat is
mostly concentrated in the Gobi Desert.

The results of calculating the regional variation of habitat quality in
the Tacheng area using ArcGIS software are displayed in Figure 6.
According to the statistics of habitat area in Figure 3, the area of habitat
quality change from 2000 to 2005 was 1,268.53 km”. The area showing
improvement in habitat quality was 529.71 km’, mainly distributed
around the Barluk Mountains. The area with habitat quality
deterioration was 738.82 km* mainly distributed in the surrounding
towns of Tacheng City, Emin County, and Wusu City, and the southern
area of Shawan City. The habitat quality changed most obviously from
2005 to 2010, with an area of 25,665.97 km?. The area with habitat
quality improvement was 13,567.77 km?, mainly distributed in the
Barluk Mountains, the Saur and the
Mountains. The area with habitat quality deterioration was

Mountains, Tianshan
12,098.2 km?, and the area with most serious deterioration in habitat
quality was 3, 261.15km” in the southeast of Saurs Mountains and
Tianshan Mountains, and the other little parts are mainly distributed in
Tacheng City, Emin County, Tuoli County, Wusu City, and Shawan
City. From 2010 to 2015, the area concerning habitat quality change was
1,525.06 km?”. The improved habitat quality area was 738.44 km?, mostly
in Hebuksal County and Wusu City. The area with habitat quality
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FIGURE 5

Spatial distribution of habitat quality in the Tacheng region from 2000 to 2020. The habitat quality was assessed by the INVEST modelin 2000, 2005,
2010, 2015, and 2020. The data used in the model were the land use data (2000, 2005, 2010, 2015, and 2020) in the Tacheng region, which were
collected from the Resource and Environmental Science and Data Center of the Chinese Academy of Sciences (http://www.resdc.cn/), with a resolution
of 30 m. The habitat quality was divided into four levels: Harsh habitat (red), General habitat (orange), Good habitat (yellow—green), and Excellent

habitat (green).

deterioration was 786.44 km?, with the majority of it located in Tacheng
City, Wusu City, Shawan City, and Hebuksal County. The area with
change in habitat quality from 2015 to 2020 was 2,726.32 km”. The area
with improvement in habitat quality was 1,197.28 km® primarily
distributed in the Barluk Mountains and Tarbahatai Mountains, as
well as the northern area of the Tianshan Mountains. The area of habitat
quality deterioration was 1,529.04 km?, primarily in Emin County, Wusu
City, and Shawan City. In arid regions, precipitation has a significant
impact on vegetation biomass, which in turn affects habitat quality.
Therefore, the change in regional habitat quality will be influenced to
some extent by the increase or reduction in precipitation.

From Figures 3, 5, it can be seen that most of the areas showing
habitat quality improvement were unused areas with poor habitat
quality, which may benefit from implementing ecological
restoration projects, such as the prohibition of grazing in fragile
areas such as deserts (Wu et al.,, 2021). We also noticed that from

2005 to 2010, the habitat quality declined in a large area in the
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southern part of Tacheng. The habitat quality in these areas used to
be Good or even Excellent, mainly distributed in alpine meadows,
and underwent a significant degeneration, which may be due to the
degraded grasslands caused by decreased precipitation and
overgrazing. Around towns and cultivated land, the habitat
quality changed significantly, which is disturbed by human
activities.

4 Discussion

Land use change and precipitation are two of the major
determining factors of regional habitat quality in dry regions,
among many other variables. The quality of habitat is directly
affected by changes in land use. The biomass of the vegetation
inside the habitat is directly impacted by precipitation, which also
has an impact on changes in habitat quality.
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Habitat quality changes in the Tacheng region from 2000 to 2020. This map is derived from analysis of the habitat quality data, as shown in Figure 5,
which reflects the changes in habitat quality in the Tacheng region from 2000 to 2005, 2005 to 2010, 2010 to 2015, and 2015 to 2020, respectively. The
range of the habitat quality change is -1 to 1. Positive values represent habitat quality changes for the better, and negative values indicate habitat quality

changes for the worse.

4.1 Impact of land use change on regional
habitat quality

The regional environment background influences the change
in regional habitat quality. In areas with fragile ecological
environments, such as semi-arid and arid zones, woodland
and grassland are prone to degradation under the influence of
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harsh environments, which leads to a reduction in area or
habitat fragmentation, resulting in the decline of habitat
quality (Mengist et al.,, 2021; Wu et al,, 2022). Tacheng is a
typical arid region. Figure 5 shows that the total habitat quality
in the Tacheng region was low and the area of harsh habitat
quality had the highest percentage, which was primarily
distributed on unused land. The

fragile ecological
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environments in the Tacheng region are prone to changes in
habitat quality.

The change in regional habitat quality is influenced by the
conversion of land use types. Human activities can affect regional
habitat quality by altering the type and intensity of land use (Luan
et al,, 2022). For instance, overgrazing and deforestation will lower
regional habitat quality, while returning farmland to forest or
grassland can improve regional habitat quality (Wu et al., 2015;
Wang et al., 2017). The proportion of Good habitat quality was small
in the Tacheng region, but it was significant to the Tacheng region.
The land use types with Excellent habitat quality were woodland and
grassland, with medium and high coverage, respectively. The land
use types of General habitat quality were low-cover grassland,
cultivated land, and the areas surrounding construction land and
cultivated land, which are important places where people build
living spaces. From 2000 to 2005, the habitat quality deteriorated in
Tacheng. The area of grassland and forest had shrunk by
495.16 km®. From 2005 to 2010, the habitat quality improved in
northwest Tacheng, and the habitat quality index increased from
0.647 to 0.67. An area of unused land, 3,085.16 km?, was developed
and utilized in northwest Tacheng, of which 2,834.13 km* was
converted to grassland. The habitat quality improved in the
south of Tacheng. The regional habitat quality index decreased
from 0.64 to 0.602 for the northern slope of the Tianshan
Mountains. Forest, grassland, and glacier areas were degraded to
unused land. From 2010 to 2020, there was a slight decline in habitat
quality throughout the Tacheng region. The habitat quality index
decreased from 0.577 to 0.575. The area of construction land and
cultivated land in the Tacheng region increased by 18.21 km® and
807.2 km?, respectively, when converted from forest and grassland.
Land use change had a significant impact on habitat quality in the
Tacheng region.

According to the Tacheng region’s land use transfer matrix,
from 2000 to 2020, forestland, grassland, and unused land were
transformed in a broad area, resulting in a variation in habitat
quality throughout the region. The area of forestland with Good
habitat quality decreased by 1,501.4 km?®, while the area of grassland
increased by 4,596.2 km>. A total of 6,185.66 km? of unused land was
developed, which was mainly converted to grassland and arable
land. Compared with that in 2000, the habitat quality in the Tacheng
region was significantly improved, although the degradation of
forestland with the best habitat quality was slightly serious. From
the aforementioned results, the variation in the area of forestland
and grassland is the factor impacting the habitat quality change in
the Tacheng region. It is not a common cognitive phenomenon that
in the process of urban development, the high accumulation and
expansion of construction land continuously occupy other
surrounding lands, thus posing a threat to the quality of habitat
(Liu et al., 2017; Zhang et al., 2020b).

4.2 Influence of precipitation change on
habitat quality

The increase in precipitation is conducive to vegetation growth
and can improve habitat quality in the region. The habitat quality in
the arid area would be significantly affected by precipitation. In the
Tacheng region, the areas with precipitation greater than 300 mm
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were located in mountains, mostly woodland and grassland, and the
habitat quality was good. The areas with precipitation less than
200 mm were located in basins, which were mostly unused land,
such as desert, saline-alkali land, with poor habitat quality.

The variation of precipitation had a great influence on habitat
quality in the Tacheng region. Figure 4 shows that the annual
average precipitation in the Barluk Mountains increased from
200-300 mm to 300-400 mm between 2000 and 2005, while the
regional habitat quality index increased from 0.645 to 0.646, as
shown in Figure 5, indicating that habitat quality improved with the
increase in the annual average precipitation. From 2005 to 2010, the
annual average precipitation in the Tacheng region varied
significantly. The annual mean precipitation in the Tarbahatai
Mountains, Saur Mountains, and Barluk Mountains was more
than 300 mm, and precipitation in some regions reached
400-800 mm. The regional habitat quality index increased from
0.647 to 0.67. The habitat quality of the area with improvement in
precipitation changed from poor to fair or even good. However, in
the northern slope of the Tianshan Mountains, the annual average
precipitation in a large area decreased from 400-800 mm to
300-400 mm, and the habitat quality deteriorated. The regional
habitat quality index of the northern slope of the Tianshan
Mountains decreased from 0.64 to 0.602. Almost all the areas of
Good habitat quality in the region were degraded to General habitat
quality. From 2010 to 2015, the average annual precipitation in the
northern slope of Tianshan Mountains increased to 400-800 mm;
however, due to the severely damaged ecological environment, the
habitat quality in the region was not recovered completely, and the
regional habitat quality index decreased from 0.602 to 0.6. From
2015 to 2020, in the northern slope of the Tianshan Mountains, the
annual average precipitation decreased from 400-800 mm to
300-400 mm, and the regional habitat quality index decreased
from 0.6 to 0.596. In the Barluk Mountains, the area with an
average annual precipitation of 300-400 mm decreased, especially
in the northern region, where the average annual precipitation
decreased to 100-200 mm; however, the regional habitat quality
index, which was 0.674, did not change significantly. Habitat quality
was significantly affected by precipitation, especially in the
mountainous region dominated by natural factors. The decrease
in precipitation led to the degradation of forest and grass area, which
caused damage to the local ecological environment and even led to
irreversible habitat degradation. In semi-arid and arid areas,
precipitation is one of the driving factors affecting the land with
low vegetation coverage (Li et al., 2023). In the Tacheng region,
precipitation played a major role in the mountain areas with
moderate vegetation coverage. The areas with low vegetation
coverage were not significantly influenced by precipitation.

4.3 Ecological restoration strategies based
on habitat quality changes

As a typical arid area, the Tacheng region has low resistance and
resilience of the whole ecosystem. Land use change and water
resource change have significant effects on habitat quality in the
Tacheng region. In 2010, glaciers and wetlands in the southern
region were largely degraded, and since then, this region had poor
habitat  quality. with restoration

Compared ecological
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countermeasures and schemes proposed by other scholars
(Rodrigues et al., 2011; Kettenring and Tarsa, 2020; Wu et al,
2023), the practical problem of water shortage makes ecological
restoration in this region difficult. In addition, it can be seen from
the combination of Figures 4, 5 that even though precipitation in this
region increased significantly from 2010 to 2015, the habitat quality
was still poor and did not improve significantly. Second, the
development and utilization of land resources has been the focus
of many scholars. Rational development and utilization of land
resources can not only produce certain economic and ecological
values but also improve the quality of habitat in a certain region
(Song et al., 20205 Zhao et al., 2022b). After 2010, the unused land in
the Tacheng region was developed and utilized in a large area,
mainly distributed around the town. The main types of land for
conversion are construction land and farmland. In addition, in the
northern piedmont area, a large area of unused land has been
converted into grassland resources, which has significantly
improved the habitat quality of the whole region. However,
in the western area, there are still large areas of unused land that
have not been developed and utilized. According to Figures 4, 5,
these areas are harsh habitat areas with extremely low annual
precipitation, which makes it difficult to implement most of the
previous ecological restoration measures in this region, which
are more difficult to develop and utilize and have no obvious
restoration effect. Therefore, the rational use of land resources
and the overall planning of water resources are very important
to improve the habitat quality and adaptability of the whole
region.

Tacheng is located in an arid region with poor environmental
quality. The degradation of forestland, grassland, and water area
(glacier) resulted in the degradation of region habitat quality, which
had a serious effect on the natural ecosystem and the ecological
environment quality. It is challenging for arid ecosystems to revert to
their baseline state because they are weakly resilient and resistant.
From the review of habitat quality in the Tacheng region, it is clear
that the conversion of land use types and the change in annual
average precipitation may cause the change in habitat quality.
Ecological restoration projects can be implemented in the region
where habitat quality has deteriorated. First, the regions where
woodland, grassland, and glacier areas were degraded due to
decreased rainfall in the Tianshan Mountains in the south of
Tacheng should be designated as water source protection areas or
glacier protection areas. Second, in the area with adequate rainfall
(>200 mm), a part of the grassland and woodland areas was
degraded due to overgrazing and excessive carrying capacity (Xie
and Sha, 2012); therefore, the ecological restoration strategies of
fencing and breeding, properly prohibiting grazing, and grass
replanting could be carried out to ensure that the ecological
environment had naturally recovered. Third, the unused land
could be rationally protected. Based on the actual situation, a
nature-based solution should be implemented to utilize the water
and mountain resources; grow crops, and develop agriculture,
industry, or business where conditions permit. Fourth, the
ecological and environmental quality of production and living
spaces should be improved. In urban and rural areas, it is
necessary to enhance the green landscape in towns and their
surrounding areas by building green belts around the cities and
raising the standard of the ecological environment in residential
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areas. Fifth, in the marginal zones of different habitats, such as the
desert oasis transition zone and industrial and agricultural fringe
areas, the irrational development and utilization of various land
types had resulted in serious imbalance of ecological carrying
capacity (Wu et al,, 2022). In these areas, forest and grass should
be restored in time, and ecological shelter belts should be built to
improve the regional ecological environment (Liu et al., 2018).

In this study, precipitation and changes in land use types, two
typical natural factors impacting habitat quality in arid areas, were
analyzed to evaluate habitat quality in the Tacheng region and to
explore the characteristics of habitat quality changes temporally and
spatially. According to the change in the habitat quality value, the
different ecological restoration spaces were divided, and suitable
countermeasures and suggestions for different ecological restoration
spaces were proposed. The other factors, such as economic activities,
pollutant discharge, geographic and geomorphic conditions,
temperature, salinization, soil erosion, and climate change, may
also influence the habitat quality value significantly; however, those
factors have not been included in this paper. In the future, those
factors could be considered to propose more reasonable ecological
restoration countermeasures.

5 Conclusion

The habitat quality module of the InVEST model was used to
evaluate the habitat quality in the Tacheng region, and the change
characteristics and causes of habitat quality in the region were
analyzed from the changes in land use and rainfall, which was
expected to provide theoretical support for ecological restoration
practice in the Tacheng region. The main conclusions are as follows:

(1) From 2000 to 2020, the habitat quality in the Tacheng region
was stable, with slight fluctuations. However, owing to the
vulnerability of the ecological environment and regional
differences in human activities in the study area, the habitat
quality in different regions showed obvious heterogeneity.

(2) Land use change had a great impact on regional habitat quality

change. The conversions between woodland, grassland, and

unused land affected the habitat quality change in the

Tacheng region. The increase in woodland and grassland

area could effectively improve the regional habitat quality. In

addition, precipitation changes also have a great impact on
habitat
of >200 mm. Precipitation is the dominant factor in habitat

quality, especially in areas with precipitation
quality change in grassland and woodland in mountainous
the region of precipitation of <200 mm,

precipitation had little influence on the regional habitat

areas. In
quality. In the urban and agricultural production spaces,
human activities, such as land reclamation, forestation, urban
construction, and other activities, affect regional habitat quality,
which results in patchy changes in the local habitat quality.
(3) Ecological restoration projects may be carried out in different
areas according to the causes of habitat degradation. According
to the characteristics and causes of habitat quality change in the
Tacheng region, in the arid area with precipitation of <200 mm,
suitable ecological restoration measures, such as unused land
fencing and protection in desert areas, farmland restoration to
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forest or grassland in fragile areas, and habitat quality
in urban and land and the
could be with
precipitation of >200 mm, ecological restoration methods,

improvement cultivated

surrounding  areas, selected. In areas
such as creating nature reserves, banning grazing, and

reseeding grass seeds, could be adopted.
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