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Abstract: Land use changes caused by urban expansion have a significant impact on regional
ecological environment and biodiversity. Exploring the impact of urban expansion on habitat quality
can guide the future sustainable development path and ecological conservation of cities. The InVEST
model was used to evaluate the habitat quality indices of Chengdu in the three periods covering
2000, 2010 and 2020; land use intensity was used to quantitatively characterize the projection of
urban expansion on spatial structure and then analyze the impact of urban expansion on habitat
quality; we then proposed a spatial control zoning strategy. The results show that: (1) from 2010 to
2020, construction land in Chengdu grew by 140.58%, 5.52 times the expansion rate of the previous
decade, as the city entered a phase of rapid development; (2) the center of gravity of construction
land moved in a “back to the center-eastward” trajectory and the city shifted to a compact expansion
development pattern; (3) urban expansion was an important cause of habitat quality decline as the
overall habitat quality in Chengdu was on a degradation trend, with a spatial distribution of habitat
quality characterized by high habitat quality in the eastern and western regions and low habitat
quality in the central region; and (4) habitat quality and land use intensity showed a significant
negative spatial correlation. The study area was dominated by two clusters: “high land use intensity–
low habitat quality” and “low land use intensity–high habitat quality”. The results of the study show
that researchers can protect high-quality habitat space in cities, improve habitat quality in areas of
habitat degradation in urban expansion, and guide the green and sustainable development of urban
land use in the future.
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1. Introduction

According to statistics, more than 4 billion people worldwide currently live in urban
areas; the size of urban populations continues to increase, with 60% of the global popu-
lation (nearly 5 billion people) expected to live in cities by 2030. [1] The advancement of
urbanization has led to an increase in human demand for ecosystem services in natural
ecosystems [2]; humans are meeting the demand for land for construction by changing land
use types and through urban land expansion. Urban expansion is a process of land use
change that transforms non-urban land into urban land. [3,4] Urban expansion is character-
ized by the systematic construction and improvement of large-scale settlements, industries,
centers of economic activity, and the transportation networks that accompany them [5].
However, economically oriented urban construction often neglects the protection of urban
ecology. In recent years, the negative impacts of urban expansion on ecosystems have
raised concerns. Urban expansion can affect ecological connectivity, ecosystem services,
biodiversity, and urban river systems. Urban expansion has been shown to lead to loss of
agricultural land [6], reduction in wildlife habitats [7], and biodiversity threats [8]. The
impacts of urban expansion on habitats are divided into direct and indirect impacts. Urban
expansion changes the original land properties and encroaches on the surrounding land, di-
rectly compressing the original natural habitat space. Meanwhile, a series of development,
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infrastructure construction, noise, sewage, air pollution, and surface temperature increases
brought by urban expansion also affect the surrounding natural habitats to a certain; this
represents the indirect impact of urban expansion on ecological environments [9–11]. Habi-
tat fragmentation and degradation caused by urban expansion has become the main cause
of regional habitat quality decline, biodiversity threats, and ecological security pattern
destruction [12,13]; the final problem is also an important factor limiting sustainable ur-
ban development [14]. Therefore, exploring the effects of urban expansion on habitat
quality and integrating habitat concepts into urban planning are important for achieving
sustainable urban development and protecting native species.

The academic term habitat was first introduced by the American scholar Grinnel in
1917 [15]; habitat is defined as the spatial environment in which an organism lives. Habitat
quality refers to the ability to provide suitable conditions for individuals and populations to
survive [16]. Urban habitat is regarded in this study as the spatial collection of all habitats
within the urban city limits. Habitat quality can reflect the level of regional biodiversity
and ecological services, as well as the quality of the human living environment [17,18].
Habitat space in cities provides living space for native species and the integrity of habitat
structure and layout in cities is the basis for balanced urban ecosystems and good habitats.
Habitat quality assessment was initially applied mainly to animal habitats and nature
reserves [19,20] to study the habitat quality of single species or populations. More recently,
paired with the development of technology and the prominence of urban ecological prob-
lems, some scholars began to shift from micro- and meso-scale studies to macro-scale
studies of urban habitat quality. There are two main aspects of current research on habitat
quality in cities; the first aspect is the impact of human activities and the environment on
the habitat of a single species [21–24]. For example, Regan et al. assessed habitat quality
in the San Diego region by tracking data for 10 species and found that urban construction
fragmented urban habitats; however, when habitat fragments were large enough, regional
biodiversity could be secure [25]. It was also found that smaller blue–green spaces in
cities (e.g., parks and squares) do not contribute much to urban biodiversity, compared to
urban water ecosystems, large parks, and foothills, which provide better habitat spaces
in cities [26]. The second aspect is the impact of socioeconomic development, land use
changes, and other influences on habitat quality due to urban human activities [27,28].
Jiang et al. analyzed the correlation between economic data, population density, and habitat
quality in the Guangdong–Hong Kong–Macao Greater Bay Area and found that economic
and population growth were negatively correlated with the habitat quality of the region [29].
Han et al. found that the habitat quality in the Dongting Lake region showed fluctuations of
“improvement–deterioration–stabilization–intensification of deterioration” with the change
in land use type [30]. Zhong et al. found that habitat quality began to show improvement
after land remediation and planning guidance and that land remediation brought ecological
benefits to the area [31]. Xiang et al. found that urban land use change is the main cause
of habitat quality degradation; therefore, their model simulated land use under different
development scenarios in Tianjin and made habitat quality predictions, finding that urban
habitat quality was superior under the ecological conservation scenario than other scenarios
of development [32]. The response of habitat quality to land use change has been commonly
studied in previous research, but this approach does not provide a good integrated picture
of the relationship between regional development and habitat quality. Therefore, this study
introduces land use intensity to comprehensively reflect and quantify the land use changes
in urban expansion; it also makes recommendations for future urban development based
on the spatial correlation characteristics of land use intensity and habitat quality.

Early habitat quality assessments often used indicators. For example, Valero [33]
assessed the condition of river habitats by using the riparian zone vegetation index and
river habitat index. Valero constructed a comprehensive index evaluation system to assess
the habitat quality of the area; however, this research method ignored the impact of threat
sources on the surrounding habitats. There are also scholars of ecology who have assessed
the habitat quality of areas through field surveys by investigating the number of species
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as well as their spatial distribution [34,35]. This research method is good for making
recommendations for species conservation but is more labor- and material-intensive. Some
scholars have also studied the spatial relationship between habitats to assess habitat quality.
For example, Young [36] constructed a grid of Black Country, UK, and assessed habitat
quality by measuring the spatial connectivity of habitats between grids and the degree
of habitat fragmentation. Along with the maturity and integration of RS, GIS, GPS and
other technologies, scholars have quantified the habitat quality by constructing models. At
this stage, scholars have used the MAXENT [37], SolVES [38], ARIES [39], HSI [40], and
InVEST [41] models to measure habitat quality. Among them, the InVEST model is widely
used with advantages over other models in terms of application cost, evaluation accuracy,
and visual analysis [42]. The habitat quality module of the InVEST model can be used to
assess the habitat quality of a region by combining the habitat suitability of the habitat
itself with the influence of the surrounding environment; the InVEST model also performs
well in large-scale regional studies.

Chengdu is a provincial capital city, the core city of Chengdu–Chongqing Economic
Circle, and an important central city in the western region. In the context of high-speed ur-
banization, the contradiction between urban development and the ecological environment
is increasingly prominent, while land use guidance under the perspective of ecological
protection is a necessary measure for sustainable urban development. Based on the InVEST
model and land use intensity, this paper analyzes the dynamic changes of habitat quality
under the influence of urban expansion from 2000 to 2020; it also explores the spatial
correlation characteristics between habitat quality and land use intensity by using Geoda
software. Finally, an ecologically oriented spatial control zoning of the city is proposed to
provide reference for future urban development and ecological protection paths.

2. Study Area

Chengdu is located in southwestern China and the western part of the Sichuan Basin
(102◦54′~104◦53′ E, 30◦05′~31◦26′ N), as it shown in Figure 1. It has a subtropical monsoon
climate with the climatic characteristics of early spring, hot summer, cool autumn, and
warm winter. It is connected to Ziyang City to the east, Aba Tibetan and Qiang Autonomous
Prefecture to the west, Ya’an City to the south, and Deyang City to the north. The city has
12 districts, 3 counties, and 5 county-level cities under its jurisdiction. The western edge of
Chengdu is the Longmen Mountain Range and the eastern part straddles the Longquan
Mountain Range. Chengdu has superior natural conditions and rich ecological resources.
Chengdu’s western terrain is dominated by deep mountains and hills. The eastern part is
an alluvial plain formed by seven rivers in the west, with loose and fertile land suitable for
agriculture.
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3. Research Data and Methods
3.1. Data Collection and Processing

The study data included elevation and slope data for Chengdu city, as well as land
cover data and road data for the three periods covering 2000, 2010 and 2020. Elevation
and slope data (DEM) with a spatial resolution of 30 m were obtained from the geospa-
tial data cloud platform of the Computer Network Information Center of the Chinese
Academy of Sciences (https://www.gscloud.cn/). Land cover data were obtained from
the Global Land Cover Data (http://www.globallandcover.com/), while GlobeLand30
data used the WGS-84 coordinate system to reclassify land cover into grassland, woodland
(including shrubland), wetland, and grassland using ArcGis 10.8 software according to
research needs. Grassland, wetland, woodland, water, cultivated land, construction land,
and glacial and permanent snow land were divided into seven categories (Figure 2). Ac-
cording to the study, three types of road vector data were used: highway, national highway,
and railroad. Regional administrative boundaries were obtained from the Aliyun digital
visualization platform.
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3.2. Land Use Intensity Measurement

Land is the basis for carrying out urban development. The development and expan-
sion of the city has changed the original type of land cover, while the high frequency of
human construction activities has increased the intensity of land use. Land use intensity is
introduced to quantify the spatial projection of urban expansion. Through the adoption of
the Zhuang [43] measurement method, different types of land were assigned hierarchically
(Table 1). Arcgis fishnet analysis was used to sample Chengdu city with 1 km × 1 km
magnitude, totaling 13,979 grids, and land use intensity was assessed for each grid. The
land use intensity is calculated as follows:

D = 100×
1

∑
n=1

Yi × Zi (1)

D ∈ [100, 400]

D is the comprehensive land use intensity index and Yi is the graded assignment of land
use intensity at level i. Zi is the percentage of the area of the measurement unit occupied
by the land type of level i. The range of land use intensity measurement values is 100~400.

https://www.gscloud.cn/
http://www.globallandcover.com/
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Table 1. The classification values of land use degree.

Land Use Type
Glacier and
Permanent
Snow Land

Woodland,
Grassland,

Water, Wetland
Cultivated Land Construction

Land

Grading index 1 2 3 4

3.3. Habitat Quality Evaluation Based on InVEST Model

The InVEST model is a model that can quantitatively assess a variety of ecosystems.
The habitat assessment module was based on the sensitivity of the land to threat factors
and the distance from the threat source; the quality of the habitat was influenced by both
distance and threat factors. Habitat quality was then spatially quantified. The impact inten-
sity of the threat source was divided into two categories of linear decay and exponential
decay in terms of distance; the habitat degradation assessment is then calculated by the
formulae:

irxy= 1−
(

dxy

dr max

)
Linear decay (2)

irxy= exp[−
(

2.99
dr max

)
dxy] Exponential decay (3)

Dxj =
R

∑
r=1

Yr

∑
y=1

(
wr

∑R
r=1 wr

)
ryirxyβxSjr (4)

In Equations (2) and (3) irxy is the distance decay function of the influence of the threat
factor r contained in the x raster on the y raster. dxy is the distance between the assessed
raster and the threat source. dr max is the maximum influence distance of this threat factor;
in Equation (4), Dxj is the impact of habitat degradation on habitat j caused by the threat
source contained in grid x, R is the number of threat factors, r is the threat factor, and Yr is
the total number of rasters containing threat factors. wr is the weight of the threat factor,
ry is the number of threat factors in grid y, βx is the accessibility of raster x, and Sjr is the
sensitivity of land cover of habitat j to threat r.

The habitat quality measurement formula is as follows:

Qxj = Hj

[
1−

(
Dz

xj

Dz
xj + kz

)]
(5)

Qxj ∈ [0, 1]

In Equation (5), the Hj is the habitat suitability of habitat j, z is the default constant of
2.5, k is the half-saturation constant; according to the InVEST user manual [44], the range of
habitat quality values is from 0 to 1, and the more the value tends toward 1, the better the
habitat quality.

By combing through the literature and taking into account the actual situation of the
study area, cropland, construction land, and roads were selected as threat sources. The
parameters in the model that needed to be adjusted according to the specific conditions of
the study area mainly included the maximum impact distance and relative impact weight
of the threat source, as well as the habitat suitability value of the land use type and its
sensitivity to the threat source. This part is based on the InVEST model guidebook [20],
which refers to the studies of relevant scholars [3,21–23], integrates the opinions of experts
in the ecological field, and optimizes the study area with the actual conditions of the study
area in order to determine the relevant parameters, as shown in Tables 2 and 3 below.
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Table 2. Threat factors and their stress intensity.

Stress Parameters Maximum Influence
Distance/km Weight Way of Decline

Cultivated land 3 0.5 Linear
Construction land 10 0.9 Exponential

Road 2 0.2 Linear

Table 3. Sensitivity parameters of land use types to threat factors.

Code Land Type Suitability
Threat Factors

Cultivated
Land

Construction
Land Road

10 Cultivated land 0.5 0.3 0.7 0.3
20 Woodland 1 0.6 0.4 0.7
30 Grassland 0.8 0.5 0.6 0.2
50 Wetland 1 0.65 0.8 0.5
60 Water 0.9 0.6 0.9 0.65
80 Construction land 0 0 0 0

100 Glaciers and
permanent snow 1 1 1 1

3.4. Bivariate Spatial Autocorrelation

The spatial autocorrelation model is able to respond to the correlation of variables
existing in the region; it is divided into global spatial autocorrelation and local spatial
autocorrelation. The Moran’s I and Local Moran’s I are mostly used to describe the
global spatial autocorrelation and local spatial autocorrelation. The calculation formula is
as follows:

I =
∑n

i=1 ∑n
j 6=i Wij

(
Yi −Y

)(
Yj −Y

)
S2 ∑n

i=1 ∑n
j 6=i Wij

(6)

S2 = 1
n

n
∑

i=1

(
Yi −Y

)
in the formula denote the attribute values of units i and j, respectively;

n is the number of spatial units counted (a total of 13,979 spatial units are divided in this
paper); Wij is the weight matrix established based on the spatial adjacency relationship.

To explore the spatial correlation between multiple variables, related scholars evolved
a bivariate spatial autocorrelation model based on the Moran index. The model is capable
of exploring the spatial correlation between one variable and another. The calculation
formula is as follows:

Ip
lm = Zp

l

n

∑
q=1

WpqZq
m (7)

where Zp
l =

(Xp
l −Xl)
σl

; Zq
m =

(Xq
m−Xm)

σm
. Xp

l is the value of the l attribute of plot p and Xq
m is

the value of the m attribute of plot q. Xl , Xm are the mean values of l and m; σl , σm are the
variance values of l and m.

To reveal the spatial correlation characteristics of land use intensity and habitat quality,
Moran scatter plots and LISA clustering maps were produced using GeoDa software
1.20.0.36 to analyze the spatial correlation between land use intensity and habitat quality.
The Moran’s I index takes values in the range −1–1; its value is in positive correlation if it is
greater than 0, negative correlation if it is less than 0, and random distribution if it is close
to 0. The spatial distribution was divided into four quadrants, which corresponded to four
spatial clusters of “high land use intensity–high habitat quality” (H–H), “high land use
intensity–low habitat quality” (H–L), “low land use intensity–low habitat quality” (L–L)
and “low land use intensity–high habitat quality” (L–H).
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4. Results
4.1. Urban Expansion Characteristics
4.1.1. Land Use Evolution

As shown in Table 4 below, land in Chengdu is dominated by cultivated land, which
accounts for 58.61% of the total urban area in 2020; cultivated land is distributed in the
central and eastern parts of the study area around construction land. Woodland accounts
for the second largest area at 23.13%, with woodland mainly concentrated in the Longmen
Mountains in the west, the Longquan Mountains in the east and the southern part of
Jinyang; construction land accounts for 13.02%, concentrated in the central part of the city.

Table 4. Land use transfer matrix for Chengdu, 2000–2020.

Time Period Land Type Grassland Cultivated
Land

Construction
Land Woodland Wetland Water

2000–2010

Grassland 430.94 48.76 39.27 341.9 2.94 28.57
Cultivated land 23.91 9311.52 240.41 36.82 0.46 16.06

Construction land 1.64 81.73 491.39 0.86 0.12 2.82
Woodland 61.94 26.52 1.25 2951.62 0 1.41
Wetland 15.42 15.1 0.8 0.53 3.43 3.9

Water 8.35 33.22 2.85 2.32 0.93 105.15

2010–2020

Grassland 351.83 46.29 30.17 77.96 18.82 16.78
Cultivated land 69.4 8227.58 1064.9 80.49 3.13 69.27

Construction land 7.31 20.04 744.94 0.75 0.12 2.81
Woodland 75.31 83.51 17.12 3153.28 0.18 3.46
Wetland 0.03 2.75 0.22 0 2.41 2.49

Water 2.76 19.84 9.45 2.19 3.1 120.52

During the past 20 years, the area of cultivated land and grassland in Chengdu has
continued to decrease, while the area of woodland has increased; the area of construction
land has increased significantly, with an increase of 240.57%, as shown in Figure 3. From
2000 to 2010, the construction land increased by 197.42 km2 (increase of 34.12%) mainly
due to the transfer of arable land and grassland; the transfer of arable land to construction
land accounted for 84.48% of the total increase in construction land, while the transfer of
grassland accounted for 13.80% of the increase in construction land. From 2010 to 2020,
the area of construction land increased by 1121.85 km2, an increase of 140.58%; the area
of cultivated land transferred to construction land accounted for 94.92% of the increase
in the area of construction land. The period 2010–2020 saw 5.52 times increase in the
area of construction land compared to 2000 to 2010, with the city entering a stage of
rapid development.
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4.1.2. Analysis of Urban Spatial Pattern

The standard deviation ellipse analysis was used to obtain the distribution of the
center of gravity of construction land in the study area for three periods, as shown in
Figure 4. For 20 years, the trajectory of the center of gravity of construction land showed
a “back to the middle-eastward” movement, while the ratio of the long axis to the short
axis of the standard deviation ellipse gradually decreased. In 2000, the center of gravity of
construction land in Chengdu was located in the western part of the city, while the ratio
of the long axis to the short axis was 2.04. In 2010, the center of gravity of construction
land returned to the main urban area of Chengdu, with a ratio of long axis to short axis
of 1.72. According to the new planning strategy, the focus of construction land shifted
eastward to Longquanyi District in 2020, and the long-axis to short-axis ratio was 1.22.
The elliptical long-axis to short-axis ratio of the standard deviation of construction land
decreased gradually from 2010 to 2020, indicating that the city had shifted to a compact
expansion pattern.
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4.2. Habitat Quality Analysis

The Habitat Quality module of the InVEST model was run to obtain the habitat quality
indices of Chengdu in three periods covering 2000, 2010 and 2020 (Figure 5). Based on
the natural breakpoint grading method, the habitat quality indices were divided into five
intervals: 0~0.2, 0.2~0.49, 0.49~0.83, 0.83~0.94, and 0.94~1.00, which were classified into
five classes: worst, poor, medium, better, and best.

As shown in Figure 5, the area used to assess the overall habitat quality of Chengdu
is bounded by the Longmen Mountain Range in the west and the Longquan Mountain
Range in the east, mainly showing the spatial characteristics of high in the east and west
and low in the middle. The “Better” and “Best” grade habitats are mainly distributed in the
Longmen Mountains in the west, the Longquan Mountains in the east, and the Sanchahu
Lake area in Jianyang; these areas have high forest cover and less intensive land use and,
therefore, have better habitat quality. In addition, parcels of “Better” and “Best” habitat
quality are distributed along the main streams of the Minjiang River, the Xi River, the
Xiejiang River, and the Nanhe River in the plain water network. The land use types of the
medium habitat quality plots are mainly arable land, concentrated in the Chengdu plain
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area and located around construction land; the habitat quality is influenced by construction
land and roads. Worst-grade habitat quality parcels have a high overlap with construction
land areas and are more affected by urban construction.
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As shown in Table 5, the percentage of poor-grade habitats in the Chengdu metropoli-
tan area is relatively large, accounting for 37.1% of the area; “medium” and “best” grade
habitats account for 25.82% and 22.48%, respectively, while only 13.02% of the land was
worst-grade habitat. In terms of time scale, the average habitat quality indices of Chengdu
in 2000, 2010, and 2020 were 0.6049, 0.5991, and 0.5584, respectively, which decreased
year by year in line with the overall habitat degradation trend. The main reason for the
decrease in the habitat quality index in Chengdu is the significant decrease in the extent
of medium-grade habitat areas combined with the increase in the extent of “poor” and
“worst” grade habitat areas. Over the past 20 years, the percentage of medium-grade
habitat decreased from 49.94% to 25.82%, a decrease of 48.30%; worst-grade increased by
222.27%, while poor-grade increased by 13.46%.

Table 5. Area percentage of each grade of habitat quality in Chengdu.

Habitat Quality Level
Percentage of Area (%)

2000 2010 2020

Worst 4.04 5.41 13.02
Poor 23.71 26.47 37.17

Medium 49.94 44.01 25.82
Better 1.13 1.25 1.51
Best 21.17 22.85 22.48

The spatial distribution of the habitat quality index for the three periods from 2000–
2020 was analyzed by superposition–subtraction analysis, using Raster Calculator to obtain
the habitat quality degradation maps for the three time spans of 2000–2010, 2010–2020,
and 2000–2020 (Figure 6); the range for change in habitat quality index spread from −1 to
1.Aafter reading the relevant literature [45], the index was classified into 5 levels, where a
change of −0.1~0.1 interval was a non-significant change. If the value was negative, the
land habitat was degraded; the smaller the value, the more serious the degradation. If the
value was positive, the land habitat had improved; the larger the value, the greater the
habitat improvement. Habitat quality in the central part of Chengdu city was seriously
degraded around the main urban area in the 20-year period from 2000 to 2020. In the
same period, habitat quality in the Longquan Mountains improved, while the habitat
quality along the main stream of Minjiang River and the Jianjiang River had degraded
more severely due to the expansion of land for urban development and construction; large
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areas of forest land in Wenjiang District have been converted to construction land. The
greatest magnitude and scale of habitat degradation occurred in Pidu District in the context
of the construction of the Chengdu high-tech industrial zone, the arrival of a number of
universities, and the expansion of construction land; thus, habitat degradation appeared
relatively serious. The habitat of the eastern Longquan Mountains and the area around
Sanchahu Lake improved due to the conversion of grassland to forest land; however, from
2010 to 2020, the land habitat in the central part of Chengdu was severely degraded. Habitat
quality in the southern part of the city was degraded in a concentrated manner due to the
expansion of construction land brought about by the construction of the South High-Tech
Zone. Habitat improvement in the northern part of the main stream section of the Min
River under ecological management. The construction of the Chengdu City Ring Ecological
Park has improved the habitat in the southern part of the city center.
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4.3. Habitat Quality and Urban Expansion Impact Analysis

The distribution of urban land use intensity is shown in Figure 7. The land use intensity
in Chengdu is dominated by parcels with medium land use intensity, while the spatial
characteristics of land use intensity are low in the western region and high in the central
region. As shown in Table 6, along with urban development, a large number of medium
land use intensity parcels were converted to high land use intensity. Using superposition
analysis, the land use intensity and habitat quality of the 13,979 grids analyzed in the
municipal fishery network were integrated into the “land use intensity–habitat quality
grade”; 12 types of land use intensity and habitat quality were obtained (Table 6). The
highest percentage of “medium-high intensity–poor grade” land parcels in Chengdu was
32.82%. From the time scale, the percentage of “low intensity–best grade” and “low
intensity–better grade” land parcels in Chengdu from 2000 to 2020 is relatively stable, with
a change of −2.35% and 2.37%, respectively. This is the result of the conservation measures
in the ecological conservation area of Chengdu. The percentage of “medium-high intensity-
medium grade” plots decreased from 28.69% to 14.29, with a decrease of 50.21%, mainly
because the habitat quality index was downgraded to poor-grade. The “medium-high
intensity–poor grade” type of parcels had the largest growth rate and the largest scale, with
the area share increasing from 25.47% to 32.82%, which represents an increase of 28.88%.

To further explore the spatial correlation between land use extent and habitat qual-
ity, a bivariate spatial autocorrelation model was used to analyze the spatial association
characteristics of land use extent and habitat quality using GeoDa software. The Figure 8
shows that, the scatter is mainly distributed in the second quadrant (L–H) and the fourth
quadrant (H–L), with Moran’s indices of−0.888,−0.890, and−0.836, respectively. Analysis
of Moran’s index revealed that land use intensity and habitat quality were spatially sig-
nificantly and negatively correlated, with habitat quality decreasing with increasing land
use intensity. The spatial correlation between land use and habitat quality was strongest
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in 2010, while Moran’s index was −0.888 and −0.836 in 2000 and 2020, respectively. The
spatial correlation between land use intensity and habitat quality showed an increasing
trend followed by a decreasing trend.
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Table 6. Area percentage of each Region types in Chengdu.

Region Type
Percentage of Area (%)

2000 2010 2020

Low intensity–worst 0.09 0.11 0.14
Low intensity–best 15.81 15.48 15.44

Low intensity–better 3.33 3.47 3.41
Low intensity–medium 0.93 0.62 0.72

Medium-low intensity–better 1.02 1.12 1.14
Lower intensity–medium 8.36 8.31 7.95

Medium intensity–medium 13.33 13.18 12.27
Medium intensity–poor 0.01 0 0.08

Medium-high intensity–poor 25.47 23.80 32.82
Medium-high intensity–medium 28.69 29.01 14.29

High intensity–worst 1.00 3.01 7.38
High intensity–poor 1.97 1.90 4.37
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We visualized spatial clustering using LISA clustering analysis (Figure 9). The results
show that the spatial clustering of land use intensity and habitat quality in Chengdu is
dominated by high land use intensity–low habitat quality (H–L) and low land use intensity–
high habitat quality (L–H). High land use intensity–low habitat quality clusters are mainly
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distributed around urban settlements; The low land use intensity–high habitat quality
clustering is mainly distributed in the Longmen Mountains in the west. The clustering
space of low land use intensity–high habitat quality in 2020 appears in the eastern Longquan
Mountains and the Sanchahu Lake region. It is noted that low land use intensity–low habitat
quality (L–L) clustering occurs along the main streams of the Min River, the West River, and
the South River in 2020, along with the construction of urban expansion. Some of the low
land use intensity–high habitat quality clusters (L–H) in the western area of the Longmen
Mountains were converted to high land use intensity–high habitat quality clusters (H–H).
The impact of urban expansion on the neighborhood habitat space is responsible for the
decrease in the absolute value of Moran index.
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4.4. Regulatory Zoning Based on Habitat Quality and Land Use Intensity

12 types of “land use intensity–habitat quality” are divided into three categories:
habitat protection area, habitat restoration area, and moderate development area (Table 7),
which constitute the spatial control zones of the city. The habitat protection area is an
important ecological function area, which constitutes the ecological barrier of the city and
is the core component of the habitat of plants and animals in Chengdu, while the habitat
restoration area is the area used to reverse the degradation of land habitat caused by urban
development where human beings are not satisfied with a high-quality living environ-
ment. Moderate development area is an area available for moderate urban development
in the future under the perspective of ecological protection, as a guide for urban land
use development.

Table 7. Zooning standard of space controlled zoning based on “land use intensity–habitat quality”.

Region Type “Land Use Intensity—Habitat Quality Grade”

Habitat protection area Low intensity–Best, low intensity–Better; medium-low
intensity–best; medium-low intensity–Better.

Habitat restoration area Low intensity–poor; high intensity–worst; high
intensity–poor; medium-high intensity–poor

Moderate development area
Medium-low intensity–medium; medium-high
intensity–medium; medium intensity–medium; medium
intensity–better

The results of the spatial control zoning of the city are shown in Figure 10. The habitat
protection area is mainly distributed in the western Longmen Mountains, the eastern
Longquan Mountain Range, and the Sanchahu Lake area, as well as along the main streams
of the Min River and the West River; the habitat restoration area is mainly concentrated in
the central part of the city, as well as being scattered in the western area of the city. The
moderate development area is concentrated in a large area east of the Longquan Mountains.
The western area of the municipality is a concentrated agricultural area and the upper
reaches of the municipal water sources; future development here should focus on protection
and stabilizing and optimizing the habitat.
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5. Discussion

The natural factors of the city determine the general ecological pattern, while human
construction activities influence the habitat space. The assessment of habitat quality in
Chengdu from 2000 to 2020 revealed that the distribution of habitat quality in Chengdu
showed a distribution pattern of low habitat quality in the central part of the city and
high habitat quality in the eastern and western parts of the city. Chengdu is located in
the eastern part of the Sichuan Basin and contains a variety of terrain, including hills,
mountains, and plains. The Longquan Mountains in the east and Longmen Mountains in
the west provide good habitat space for Chengdu due to limited human disturbance and
presently high habitat quality. The Chengdu Plain is an alluvial fan plain; the central plain
area has been an important source of food and edible oil, and has been known as the “Land
of Heaven”, since ancient times. Suitable construction conditions combined with deep
cultural heritage have made the central region a concentrated area for urban construction.
The high frequency of human construction activities in the central region also reduces the
habitat quality in the central region.

Changes in habitat quality are a response to urban expansion. From 2000 to 2020,
construction land in Chengdu continued to expand. Compared to the 34.12% increase
in construction land in the first ten years of 2000–2010, the increase in construction land
between 2010–2020 was 140.58%, an expansion rate 5.52 times faster than the previous
decade. The expansion of cities continued to accelerate and the scale of construction land
continued to increase. In the early high-speed development phase, ecology gave way to
urban development. Changing land use types and habitat fragmentation due to urban
expansion are important reasons for the decline in regional habitat quality. Urban expansion
encroached on a large amount of cultivated land and grassland, and the overall habitat
quality in 2000, 2010, and 2020 shows a decreasing trend. Due to the construction of the
city, large areas of woodland in Wenjiang District have been converted to construction land;
the magnitude and scale of habitat degradation is enormous. From 2010 to 2020, Chengdu
vigorously developed the southern part of the city and, along with the construction of
the Gaoxin South District, there was extensive degradation of regional habitat quality.
In addition, it is worth noting that urban construction around the main stream of the
Min River, the West River and the South River in the southwestern part of the city has
led to a significant decline in habitat quality along the river. The spatial clustering of
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“low land use intensity–low habitat quality” (L–L) emerged along the river in the spatial
correlation analysis; this represents the negative impact of urban expansion on the adjacent
habitat space. As rivers are an important part of the ecosystem, urban construction in river
areas should be strictly controlled in future urban planning to protect the river ecological
corridors of the city. By analyzing the rate of urban expansion in Chengdu, it is found
that the city has entered a rapid development phase since 2010, with the expansion of
construction land being an inevitable trend. However, the impact of urban expansion on
the habitat environment is negative; thus, urban construction should be controlled in future
urban planning and urban land use guidance should be proposed to prevent disorderly
urban expansion from destroying the quality habitat space of the city. These proposals
would allow the ecological pattern of the city to be better protected and the sustainable
development of the city to be realized. This study proposes spatial control suggestions
for future urban development based on the spatial correlation between land use intensity
and habitat quality. In the future, Chengdu should focus on protecting the two major
ecological barriers, the Longmen Mountains in the east and the Longquan Mountains
in the east, to protect the high-quality ecological space in the city. The western plains
area is a concentrated area for agricultural production and an upstream area for urban
water sources; thus, future development should focus on conservation to stabilize and
optimize habitat quality. Habitat quality in the central plain area is low due to the high
speed of urban construction in the studied period. In future urban planning, we should
control the speed of urban construction and build green space within the city to restore
the habitat quality of the region. Based on the analysis of urban expansion in Chengdu, it
is found that the city entered a high-growth phase after 2010, with the expansion rate of
the city being on a growth trend. It is also an effective path to protect the quality of urban
habitats for the guidance of urban development in Chengdu. According to the analysis in
Section 4.4, the urban development zone of Chengdu under ecological protection is located
in the eastern part of the Longquan Mountains, which echoes the construction policy of the
“Chengdu–Chongqing twin-city economic circle” in recent years.

6. Conclusions

This study used the InVEST model to assess the habitat quality in Chengdu from
2000 to 2020 and found that the overall habitat quality in Chengdu was on a decreasing
trend. Spatial correlation analysis of land use intensity and habitat quality using GeoDa
software revealed a significant negative correlation between land use intensity changes
due to urban expansion and habitat quality. The impact of urban expansion on habitats
is divided into direct and indirect impacts. Urban expansion encroaches on surrounding
cultivated and grassland areas, compressing natural habitat space, and directly degrading
regional habitats; at the same time, a series of human activities of urban expansion also
have negative impacts on adjacent habitat spaces, most notably along some rivers in the
southwestern part of the city. Therefore, this study recommends a municipal control
zoning proposal based on the mechanism of urban expansion on habitat and the current
situation of land use intensity and habitat quality. This land use guidance can protect the
original high-quality ecological space in the city, while also providing ecologically oriented
sustainable development suggestions for the future development of the city.

This study uses a regional macro-analysis to study the overall habitat quality of the
city; however, the green spaces, such as parks and squares, that exist in the urban space are
also part of the spatial composition of the urban habitat. In the study, it was found that
the construction of urban ring parks along the Chengdu city bypass led to improvements
in regional habitat quality. The green space within the city also had a positive effect on
the urban habitat. Therefore, in the next study, we should further explore the correlation
between green space and habitat in the city from a microscopic perspective to enrich the
path of high-quality urban development.
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