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Abstract: Regional land use change and ecological security are important fields and have been
popular issues in global change research in recent years. Regional habitat quality is also an important
embodiment of the service function and health of ecosystems. Taking Shiyan City of Hubei Province
as an example, the spatiotemporal differences in habitat quality in Shiyan City were evaluated using
the habitat quality module of the INVEST model and GIS spatial analysis method based on DEM
and land use data from 2000, 2005, 2010, 2015, and 2020. According to the habitat quality index
values, the habitats were divided into four levels indicating habitat quality: I (very bad), II (bad), III
(good), and IV (excellent), and the topographic gradient effect of habitat quality was studied using
the topographic position index. The results show the following. (1) The habitat quality of Shiyan
City showed relatively high and obvious spatial heterogeneity overall and, more specifically, was
high in the northwest and southwest, moderate in the center, and low in the northeast. The higher
quality habitats (levels III, IV) were mainly distributed in mountain and hill areas and water areas,
while those with lower quality habitats (levels I, II) were mainly distributed in agricultural urban
areas. (2) From 2000 to 2020, the overall average habitat quality of Shiyan City first increased, then
decreased, and then increased again. Additionally, the habitat area increased with an improvement
in the level. There was a trend in habitat transformation moving from low to high quality level,
showing a spatial pattern of “rising in the southwest and falling in the northeast”. (3) The habitat
quality in the water area and woodland area was the highest, followed by grassland, and that of
cultivated land was the lowest. From 2000 to 2020, the habitat quality of cultivated land, woodland,
and grassland decreased slightly, while the habitat quality of water increased significantly. (4) The
higher the level of the topographic position index, the smaller the change range of land use types with
time. The terrain gradient effect of habitat quality was significant. With the increase in terrain level,
the average habitat quality correspondingly improved, but the increasing range became smaller and
smaller. These results are helpful in revealing the spatiotemporal evolution of habitat quality caused
by land use changes in Shiyan City and can provide a scientific basis for the optimization of regional
ecosystem patterns and land use planning and management, and they are of great significance for
planning the rational and sustainable use of land resources and the construction of an ecological

civilization.

Keywords: habitat quality; InNVEST model; land use change; topographic gradient; spatiotemporal
pattern

1. Introduction

Habitat quality refers to the ability of an ecosystem to provide suitable and sustainable
living conditions for individuals and populations [1], which is an important reflection of re-
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gional biodiversity and ecosystem functioning [2]. The quality of a habitat is decisive in the
sustainable and harmonious development of human beings, nature, and other species [3].
The early methods for habitat quality assessment involve obtaining parameters related
to the habitat quality in the study area through field surveys to construct an evaluation
index system and to use certain mathematical methods for the comprehensive evaluation
of habitat quality. For example, Ma Mingdong et al. [4] investigated and evaluated the
multi-factor quantitative habitat quality of spruce natural stand; Liu Minxia [5] investigated
and evaluated the biodiversity characteristics and habitat quality of Dunhuang West Lake
Nature Reserve; Wang Jianhua et al. [6] investigated and evaluated the habitat quality of
the river in Naoli River Basin; and Liu Hua et al. [7] investigated and evaluated the habitat
quality of Yixing River in Taihu Lake Basin. Methods based on field survey sampling to
evaluate habitat quality have great limitations. For example, field sampling tends to serve a
specific target on a small scale and has high requirements for labor, material resources, and
time. It is operationally and relatively difficult, and conducting long-term data analysis is
also challenging, with evaluation results being difficult to promote and compare.

In recent years, the combination of 3S and habitat assessment has bypassed the limita-
tions of early methods, making it possible to conduct quantitative, visual, and fine-scale
analysis and assessment of the large and medium-scale changes in biodiversity, consider-
ing both spatiotemporal scales. At the same time, ecological models are constantly being
updated and improved, and the effects as determined by spatial change analysis and
simulation of habitat quality are becoming increasingly obvious, with examples such as the
InVEST model habitat quality assessment module [8], the biodiversity evaluation module
in IDRISI software [9], the SOLVES model [10,11], the HIS model [12], etc. Among these,
the habitat quality module in the INVEST model is designed to establish the relationship
between different land use types and threat sources, using data for land use types in the
study area and combining the habitat suitability, habitat sensitivity, and threat intensity of
disturbance factors of each ecosystem type to assess habitat quality distribution and degra-
dation. This model is widely used because the required parameters can be conveniently
acquired with low application cost, high evaluation accuracy, and strong spatial analysis
function [13]. For example, using the INVEST model, Zhou Liang et al. [14] studied the
impact of urban expansion on habitat quality in the densely populated areas of the Loess
Plateau from 1990 to 2018; Wang Geng et al. [15] studied the impact of land use change
on habitat quality in the coastal areas of Dandong from 2000 to 2018; Zhou Ting et al. [16]
studied the spatial relationship between human activities and habitat quality in the Shen-
nongjia forest region from 1995 to 2015; Wang Jun et al. [17] analyzed the spatiotemporal
variation characteristics of habitat quality in the Minjiang River Basin from 2000 to 2040.

The results of former research demonstrate that the InNVEST model has characteristics
that make it suitable for different regional scales and shows better integration of ecological
processes and good spatial display effects, and the rationality of the model has been well
verified. In recent years, research has focused on the distribution of topographic factors and
land use types, regional habitat quality status, and the spatiotemporal variation character-
istics of habitat quality. Few scholars have paid attention to the topographic gradient effect
of habitat quality, and there is few research involving the effects of topographic factors on
the spatial heterogeneity of habitat quality. The terrain is often an important factor that
affects the ecological structure and spatial pattern differentiation of mountainous areas [18]
and the spatial distribution of landscape patterns and ecosystem services [19] and has
an important impact on the material exchange and energy cycle of the habitat system.
Strengthening the research on habitat quality and topographic gradient effects is helpful
for establishing a topographic information map of habitat quality, which is of great signifi-
cance for comprehensively and deeply understanding the spatiotemporal differentiation
characteristics of habitat quality.

Shiyan City, Hubei Province, has a vast territory characterized by complex terrain that
can be divided into four main landform types of hills, low mountains, middle mountains,
and high mountains and two secondary landform types of valley flats and intermountain



Land 2021, 10, 857

30f25

basins. The mountain ranges are characterized by large mountains, narrow valleys, large
elevation differences, large slopes, and deep cuts, which are suitable for topographic-scale
research. The unbalanced distribution of population, resources, and the environment has
become the main obstacle to the sustainable development of cities. Considering this, this
study takes Shiyan City as the research object. Based on the land use data from 2000, 2005,
2010, 2015, and 2020, the habitat quality module in the InVEST model was used to evaluate
the regional habitat quality and to analyze the spatiotemporal aspects of the habitat quality
from the grid scale. In addition, this study also uses DEM (digital elevation model) data, the
topographic position index, and GIS spatial analysis methods to study the terrain gradient
effect of habitat quality at the county scale in order to enrich the theoretical research on
habitat quality change in Shiyan City. The results are expected to serve as a reference for
biodiversity protection, land use planning, ecological security pattern construction, and
spatial optimization in Shiyan City, as well as to promote the construction of an ecological
civilization.

2. Materials and Methods
2.1. Study Area

Shiyan City is located in the northwest of Hubei Province (Figure 1) in the eastern
part of the Qinba Mountains and the upper and middle reaches of the Hanjiang River,
and it borders three provinces and cities, including western Henan, southern Shanxi, and
eastern Chongging. Shiyan City spans 31°30’ N to 33°16' N, 109°29’ E to 111°16’ E and has
jurisdiction over 8 county-level administrative districts, including 3 municipal districts,
1 county-level city, and 4 counties. It is about 200 km from east to west and about 195.5 km
from north to south, with a land area of 23,680 square km. The city has a permanent
population of 3.209 million. The city terrain is characterized by high elevation in the north
and south with low elevation in in the center and slopes from southwest to northeast. The
city terrain can be divided into four main landform types of hills, low mountains, middle
mountains, and high mountains and two secondary landform types of river valley flats and
intermountain basins. The highest point in Shiyan City, Zhuxi Congping, is 2740.2 m above
sea level, while the lowest point, Danjiangkou Panjiayan, is 87 m above sea level. The city
has a subtropical monsoon climate with an average annual precipitation of 834 mm and an
average temperature of 15.2 °C. Shiyan City has large and steep mountains, vertical and
horizontal rivers, large drops, and rapid water flow. It is rich in biological, mineral, and
water resources.
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Figure 1. Location and elevation of Shiyan in relation to (a) Hubei Province; and (b) with elevation.

Shiyan is an emerging modern city, with Xiangyu railway providing transportation to
all parts of the country, national highways 209 and 316 connecting east, west, north, and
south, and an expressway to Wuhan, Xi’an, and Baoji. People travel in all directions. The
automobile, hydropower, tourism, and ecological industries have become the four pillar
industries of Shiyan’s economic development. By the end of 2020, Shiyan had basically
completed the goals and tasks of the “13th Five-Year Plan”, making decisive achievements
in building a moderately prosperous society in an all-round way. It is expected to achieve a
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regional GDP of 195 billion yuan and a per capita GDP close to 60,000 yuan. In the process
of social and economic development of Shiyan City, the imbalance in spatial allocation
of population, resources, and environment has brought about many ecological problems
that cause the landscape pattern and ecological environment of Shiyan City to constantly
change. Natural landscapes have gradually been replaced by artificial buildings. The land
area available for cultivation is continuously being reduced while the area corresponding
to built-up land is increasing. The regional habitat is being further divided, with the
degree of habitat fragmentation increasing, and the discordance between man and land is
becoming increasingly prominent. Human activities have not only caused the degradation
of biological resources but have also resulted in a series of environmental issues. The
overloading of ecological carrying capacity in certain areas has threatened the ecological
security of Shiyan, and this has become the main obstacle to realizing the sustainable
development of the city. The task of ecological environmental protection is still under
pressure and there is a long way to go in achieving this.

2.2. Data Resources and Preparation

The land use data from 2000, 2005, 2010, 2015, and 2020 in this study are from the
Resource and Environmental Science and Data Center of the Chinese Academy of Sciences
(http:/ /www.resdc.cn (accessed on 15 April 2021)). The US satellite Landsat-TM/ETM
and Landsat 8 multispectral images are the information sources for these data. Based on
the high-resolution remote sensing ground survey observation technology, the data are
constructed by a human—-computer interactive visual interpretation. The spatial resolution
is 30 m, and the classification accuracy is over 85%. The remote sensing images in central
China were acquired in early March or late October. The data series integrate the land use
types of the research area based on 6 first-class categories of cultivated land, woodland,
grassland, water, built-up land, and unused land, depending on the land resources and
their use attributes. The second class includes division into 25 types according to the
natural properties of land resources (Table 1), although only 18 of these secondary land
types were observed in Shiyan.

Table 1. Land use classification and its specific description.

Land Use Types

Description
First Class Second Class

Arable land that has water source guarantees and
irrigation facilities that can be irrigated normally in

Paddy field general years for the cultivation of aquatic crops such as
rice and lotus root, including the cultivated land where
rice and dry land crops are rotated [20].

Cultivated land Arable land without irrigation sources or facilities and
which generally does not need seasonal irrigation but
relies on natural precipitation for crop growth;

Dry land dry-grown arable land with water source and irrigation
conditions that can be irrigated normally in general
years; arable land that is mainly used for vegetable
cultivation; fallow land.

Natural forest and plantation with >30% canopy density.
Forest land It includes timber forest, economic forest, shelter forest,
and other woodlands.

Low forest land and shrub forest land with >40%
Shrubwood . .
Woodland canopy density of <2 m height.

Open woodland ~ Forest land with 10-30% canopy density.

Uncultivated forest land, slash land, nursery, and all
Other woodlands  types of garden land (orchard, mulberry garden, tea
garden, hot forest garden, etc.).
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Table 1. Land use classification and its specific description.

Land Use Types -
Description
First Class Second Class
Refers to natural grassland, improved grassland, and
High coverage mowing grassland covering more than 50%. This type of
grassland grassland has better general water conditions with
dense grass growth.
. Natural grassland and improved grassland whose
Grassland Mldg(?;s;lc; \;legage coverage is more than 20-50%. This type of grassland is

generally lacking in water and has sparse grass cover.

Refers to natural grassland with 5-20% coverage. There
is a shortage of grass moisture, grass is sparse, and the
conditions for animal husbandry use are poor [21].

Low coverage
grassland

Natural or artificially excavated rivers and the land is
River canal below the annual water level of the trunk. Artificial
canals include embankments.

The land under the perennial water level in naturally

Lake formed ponding areas.

Waters
The land under the perennial water level in artificially

R i d .
eservolr pon built water storage areas.

The land between the water level of rivers or lakes
Beach land during the normal period and the water level of the
flood period [22].

The construction areas of large cities, medium-sized

Urban land cities, small cities, and counties and towns [23].

Rural residential The residential land below the town and independent of

Built-up land land the town [24].

The land used for factories and mines, large-scale
industrial areas, oil fields, saltworks, quarries, etc., as

ther construction . .
Other constructio well as the land for traffic roads, airports, wharves, and

land special uses that are independent of residential areas at
all levels [24].
Bare land Surface soil coverage, vegetation coverage

corresponding to less than 5% of the land.

Unused land Land whose surface is rock or gravel, covering more

Bare rocky land than 5% of the area.

The vector data of the basic geographic information administrative region boundaries,
lakes and rivers, main roads, and main railways were derived from the national basic
geographic database of 1:250,000 and 1:1,000,000 provided by the National Catalogue
Service for Geographic Information (https:/ /www.webmap.cn (accessed on 15 April 2021)).
The DEM data is from NASA EARTHDATA (https:/ /earthdata.nasa.gov (accessed on 15
April 2021)), the ASTER Global Digital Elevation Model V003 data were selected, and the
spatial resolution of the data is 30 m.

This research was based on the ArcGIS 10.2 software platform to preprocess and
analyze the related vector and raster data. The habitat quality of Shiyan was simulated
based on the InVEST 3.9.0 model.

2.3. Habitat Quality Assessment
2.3.1. Habitat Quality Module of the InVEST Model
The InVEST model (Integrated Valuation of Ecosystem Services and Tradeoffs) was

jointly developed by Stanford University, The Nature Conservancy, and the World Wildlife
Fund in 2007 [25] and has been widely used in ecosystem service assessments [26]. By
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integrating RS and GIS technology, the model simulates the dynamic change process of
ecosystem service function according to the change in land use and cover type and realizes
spatial visualization of the quantitative evaluation of ecosystem service value. The habitat
quality module of the InVEST model aims to establish the relationship between different
land use types and threat sources. Based on the data of land use types in the study area
combined with the habitat suitability of animals and plants, habitat sensitivity, and threat
intensity of disturbance factors of each ecosystem type, the habitat quality index can be
calculated based on two aspects: the natural attributes of the habitat and the degree of
habitat degradation caused by external threats [27,28]. The module reflects the influence of
people’s production and life on the surrounding environment [29]. The greater the severity
of activities, the greater the stress to the environment, and the lower its quality and level
of biological diversity [29]. In contrast, the better the habitat quality, the less the area is
disturbed by human activities, and the higher the level of biodiversity [30]. The advantage
of this method is that it can replace the detailed investigation method as well as allow
quantitative monitoring of the change in habitat quality within a short time scale. The
spatial attenuation of threats can be described by linear or exponential distance attenuation
functions. The calculation formula of the stress level i,y of the threat factor 7 in the grid y
to the habitat grid x is as follows:

d
Iy =1 — Y_ ) (linear decay) 1)
drmax
Irxy = €xp (— (;'99 )) (exponential decay) )
rmax

where dxy is the linear distance between grid x and grid y, and dyyqx is the maximum
impact distance of threat factor r on the habitat. The total threat level D,; of grid cell x in
habitat type j can be expressed as

R % w .
Dyj =}y Zy=1 <2R1rwr> PyirxyPxSir ®)
r=

where R is the number of threat factors, w, is the weight of the threat factor » with a value
of 0-1, indicating the relative destructive power of the stress factor to all habitats, Y; is the
total number of grid cells of the threat factor  in land use map, r, is the number of stress
factors on each grid in the land use map, and S, is the relative sensitivity of land use type j
to threat factor r with a value of 0-1. The closer the value is to 1, the greater the relative
sensitivity; By is the legal accessibility of the grid unit x, which refers to the protection
degree of land resources or ecosystems under the current policies, laws, regulations, and
regulations and their implementation methods—that is, the accessibility level of various
threat factors to grid x. The value range is 0-1, and the closer the value is to 1, the easier it is
for the threat to reach the grid. This paper temporarily ignores the specific land protection
areas in Shiyan City and considers that all land cover types in the study area are equally and
uniformly protected by national laws and regulations, and the system will automatically
assign a value of 1, which corresponds to safe arrival.
The habitat quality index is calculated using the following formula:

G
= DZ + K

where Q,; is the habitat quality index of grid x in land use type j, and its value is between
0 and 1. The higher the value, the better the habitat quality. H; is the habitat suitability
of land use type j, and its value range is 0-1, in which 1 indicates most suitable. K is
a half-saturation constant, generally taken as 1/2 of the maximum value of the habitat
degradation degree D,;. The z value is the default parameter and is a normalized constant
whose value is usually set as 2.5.
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2.3.2. Habitat Quality Module Parameter Setting

The measurement of habitat quality in the InVEST model includes four elements:
the relative weight of the impact of each threat factor, the relative sensitivity of each
habitat to each threat factor, the distance between the habitat and the threat source, and
the accessibility of the habitat. The threat sensitivity of habitat quality in this model
should be determined according to the common rules of biodiversity conservation [31,32].
According to previous experience, stress factors related to human production and life
have the greatest influence on the surrounding environment. The cultivated land and
built-up land have intense human activities and extremely low biodiversity. Unused land
is essentially without vegetation cover, and the ecological environment is harsh, which
has an erosive effect on the external habitat and will affect the stability of the surrounding
ecological environment. The higher the intensity of human activities, the greater the impact
on the biodiversity of the surrounding habitat. The greater the sensitivity, the worse the
anti-interference ability of habitat types to threat factors is. Therefore, we collected data
from relevant examples of existing studies in many regions [33], and analyzed the types,
weights, and habitat sensitivity assignment of the threat sources in the literature. Referring
to the user guide manual of the IN'VEST model and the expert opinions of the region and
considering the special geographical environment of the study area, we selected eight types
of threat sources, namely paddy field, dry land, urban land, rural residential land, other
construction land, unused land, main railways, and main roads. Additionally, the values
of habitat threat sources and related parameters (Table 2), the habitat suitability of each
land use type and its sensitivity to different threat sources were evaluated (Table 3).

Table 2. Threats and their maximum distance of influence and weight.

Threats Maximum Impact Distance (km) Weight Decay
Paddy field 1 0.3 exponential
Dry land 1 0.3 exponential
Urban land 10 1 exponential
Rural residential land 5 0.6 exponential
Other construction land 3 1 exponential
Unused land 3 0.1 exponential
Main railways 4 0.4 linear
Main roads 3 0.4 linear
Table 3. Habitat suitability degree and relative sensitivity of habitat types to each threat.
Land Use Types Threats
Habitat Rural Other . .
First Class Suitability P*%ddy Dry Utban Residential Construction Unused Mam Main
Field Land Land Land Railways Roads
Land Land
Cultivated Paddy field 0.40 0 1 0.50 0.35 0.20 1 0.10 0.20
land Dry land 0.30 1 0 0.50 0.35 0.20 1 0.10 0.20
Forest land 1 0.50 0.60 0.90 0.70 0.50 1 0.60 0.80
Woodland Shrubwood 0.70 0.30 0.40 0.60 0.40 0.20 1 0.60 0.70
oodlan Open woodland 0.60 0.50 0.60 0.80 0.60 0.40 1 0.50 0.60
Other woodlands 0.40 0.50 0.60 0.80 0.60 0.40 1 0.40 0.50
High coverage grassland 0.70 0.40 0.45 0.60 0.45 0.30 1 0.10 0.15
Grassland Middle coverage grassland 0.60 0.45 0.50 0.65 0.50 0.35 1 0.15 0.20
Low coverage grassland 0.40 0.50 0.55 0.70 0.55 0.40 1 0.20 0.25
River canal 1 0.50 0.60 0.80 0.60 0.40 1 0.40 0.45
Wat Lake 0.90 0.55 0.65 0.85 0.65 0.45 1 0.45 0.50
aters Reservoir pond 0.90 0.60 0.70 0.90 0.70 0.50 1 0.50 0.55
Beach land 0.60 0.65 0.75 0.95 0.75 0.55 1 0.55 0.60
1 Urban land 0 0 0 0 0 0 0 0 0
Built-up Rural residential land 0 0 0 0 0 0 0 0 0
Land Other construction land 0 0 0 0 0 0 0 0 0
Unused Bare land 0 0 0 0 0 0 0 0 0
land Bare rocky land 0 0 0 0 0 0 0 0 0
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The InVEST model uses the habitat quality index to reflect the status of regional
habitat quality. The habitat quality index in the model varied continuously from 0 to 1 at
the grid level. The larger the value, the better the habitat quality; the more complete the
structure and function of the corresponding ecological environment, the more conducive it
is to the maintenance of biodiversity. The smaller the value, the worse the habitat quality;
the more imperfect the structure and function of the ecological environment, the more
unfavorable it is to the maintenance of biodiversity, and the more vulnerable the ecological
environment is to external disturbance and destruction.

2.4. Terrain Index

The topography of Shiyan City is complex, and topographical conditions have greater
constraints on the spatial pattern of land use and the spatial distribution of habitat quality.
Therefore, this study uses the topographic position index to measure the topographic
gradient. The terrain index is a composite index used to analyze the elevation and slope
attribute information of any point in space, which can comprehensively reflect the spatial
differentiation of topographical conditions [34]. The formula is as follows:

() ()

In the formula, T is the topographic position index, E and E refer to the elevation
value (m) and average elevation value (m) of any grid in the space, respectively, S and S
refer to the slope value (°) and average slope value (°) of any grid in the space, respectively.
Generally, the value for grid topographic position index is larger when there is both high
elevation and slope value, while the value for grid topographic position index is lower
when there is both low elevation and slope value, and with high elevation and low slope
value or with low elevation and high slope value, the value for grid topographic position
index is moderate.

3. Results and Analyses
3.1. Land Use Change Characteristics

According to the five land use maps of Shiyan City from 2000, 2005, 2010, 2015, and
2020 (Figure 2), the proportion of area for each land use type in the five periods (Figure 3)
and the change in land use type in the different periods (Figure 4) were obtained. The main
land use types in Shiyan are woodland, cultivated land, and grassland, which account
for about 97% of the total area of Shiyan. The area proportion of each land use type in
the five phases of the study area remained stable, but all changed to different degrees. In
general, from 2000 to 2020, the increase in proportion of built-up land area was 282.68%,
the increase in proportion of water areas was 18.01%, the decrease in proportion of unused
land area was 12.56%, the change in other types of areas was small, and the decrease in
proportion of cultivated land, grassland, and woodland area was 2.52%, 1.81%, and 0.65%,
respectively. The decrease in the area of the natural landscape dominated by woodland
and grassland and the increase in the area of cultural landscapes dominated by built-up
land reflect the increasing disturbance from human activities in this area. From 2000 to
2005, the increased proportion of built-up land area was 6.40%, water area was 5.17%, and
the change in other types of areas was small. From 2005 to 2010, the increase in proportion
of built-up land area was 99.95%, the increase in proportion of water area was 16.66%, the
increase in proportion of unused land area was 14.40%, and the change in other types of
areas was small. From 2010 to 2015, the increase in proportion of built-up land area was
110.26%, the increase in proportion of water area was 9.87%, the decrease in proportion
of unused land area was 15.05%, and the change in other types of areas was small. From
2015 to 2020, the reduction in proportion of built-up land area was 14.45%, the reduction in
proportion of water area was 12.46%, the reduction in proportion of unused land area was
11.07%, and the change in other types of areas was small.
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Figure 2. Land use types of Shiyan from 2000 to 2020: (a) 2000, (b) 2005, (c) 2010, (d) 2015, and (e) 2020.
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Figure 3. Area percentage of land use types in Shiyan from 2000 to 2020.
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Figure 4. Area change percentage of land use types in Shiyan in different periods.

3.2. Spatiotemporal Variation Characteristics of Habitat Quality

By running the habitat quality module of InVEST, the spatial distribution maps of
habitat quality in Shiyan in 2000, 2005, 2010, 2015, and 2020 were obtained. On the grid
layer, the habitat quality index is a value that varies continuously from 0 to 1. The closer
the value is to 1, the better the habitat quality. The habitat is relatively complete and has
a corresponding structure and function, which is conducive to maintaining biodiversity.
In order to describe the evolution law of habitat quality in the study area more accurately,
the habitat quality was divided into four levels using the natural breakpoint method in
ArcGIS, namely I (very bad), II (bad), III (good), and IV (excellent), and the corresponding
habitat quality index value ranges were 0.0-0.4, 0.4-0.6, 0.6-0.8, and 0.8-1.0, respectively.

In terms of spatial distribution (Figure 5), the habitat quality of the entire city was
high in the northwest and southwest, moderate in the center, and low in the northeast. The
distribution of habitat quality was consistent with that of land use types. The habitat quality
was higher in woodland and grassland, but lower in cultivated land and built-up land.
From 2000 to 2020, the habitat quality of Shiyan City showed obvious spatial heterogeneity.
Due to the large proportion of woodland in the study area, the higher quality habitats
(II and IV) were widely distributed, with an average area proportion of about 61% in the
five periods. The distribution characteristics of these habitats were different. Habitats of
quality level IV were mainly distributed in the southwest of Zhuxi County, the southeast of
Fangxian County, and the mountainous and hilly areas in the southeast of Danjiangkou
City. Habitats of level III were mainly distributed in the southwest of Fangxian County,
the west of Yunyang District, the south of Zhangwan District, and the center of Maojian
District in the mountainous and hilly areas. Due to having low population density, less
human disturbance, a large number of woodland and grassland areas, relatively high
species richness, high vegetation coverage and good natural ecological conditions, and
a number of ecological protection policies in place, the mountain and hilly areas have
become a habitat for many types of birds, insects, and other organisms due to their high
habitat quality and relative stability. In addition, the habitat quality of Hanjiang River and
Dubhe River was also at a high level, benefiting from rich water resources and being suitable
for the survival of aquatic animals and plants. Habitats of level II were mainly distributed
in the hills and peaceful lands in the south of Yunxi County and the east of Yunyang
District. The land use structure in these areas was mainly sparse woodland and medium
coverage grassland with low vegetation coverage, a single ecosystem type, low biodiversity,
and a fragile ecological environment. Habitats of level I were mainly distributed in the
agricultural production areas in the north of Zhuxi County, the center of Fangxian County,



Land 2021, 10, 857

11 0f 25

and the center of Danjiangkou City. The land use structure in these areas was mainly dry
land, paddy fields, and urban land. The population density was large, human activity
was high, the vegetation coverage was low, the original natural environment had been
transformed, the biodiversity was low [35], and the ecological environment was relatively
fragile; it was not suitable for living organisms. Therefore, the spatial distribution of habitat
quality is strongly correlated with topography and resource endowment.
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Figure 5. Spatial distribution of habitat quality in Shiyan from 2000 to 2020: (a) 2000, (b) 2005, (c) 2010, (d) 2015, and (e)

2020.

From the time scale data (Table 4), it was found that the habitat area increased with an
improvement in the level of habitat quality. According to the statistics from the area ratio of
each level of habitat, the proportion of level IV habitats was the highest, at about 36%, and
the proportion of level Il and IV habitats was 61%, which indicated that the overall habitat
quality of Shiyan City was at a high level. In 2000, 2005, 2010, 2015, and 2020, the overall
average habitat quality index values for Shiyan City were 0.7217, 0.7221, 0.7192, 0.7157, and
0.7181, respectively. The habitat quality first increased, then decreased, and then increased
again. From 2000 to 2020, the habitat quality decreased by 0.50%, and the area proportion
of each habitat showed little change. The area proportion of level II habitats decreased
gradually from 22.68% to 22.23%, while the area proportion of IV increased gradually from
35.89% to 36.33%. The increase and decrease degree were essentially the same, reflecting
the trend of the transformation from low to high habitat quality. While the area of built-up
land in Shiyan City increased rapidly from 2005 to 2015, the woodland, grassland, and
farmland were occupied, the habitat was continuously divided, there was an aggravation
in the degree of habitat fragmentation, connectivity worsened, and the overall average
habitat quality continued to decline. The habitat in Shiyan City gradually recovered from
2015 to 2020. The promotion of policies and development of concepts such as returning
farmland to forest or grassland, ecological civilization construction, clear water and green
mountains becoming gold and silver mountains, as well as the implementation of measures
such as energy conservation, emission reduction, and environmental protection led to an
improvement in the average habitat quality.
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Table 4. Habitat quality change in Shiyan from 2000 to 2020.

Habitat 2000 2005 2010 2015 2020 Change
a l.a Value from
Quality Range  Percentage Habitat Percentage  Habitat Percentage Habitat Percentage  Habitat Percentage  Habitat 2000 to
Level (%) Quality (%) Quality (%) Quality (%) Quality (%) Quality 2020 (%)
I 0.0-0.4 16.65 16.64 16.64 16.72 16.67 0.02
I 0.4-0.6 22.68 22.54 22.75 2244 22.23 —0.45
i 06-08 2478 0-7217 24.75 0-7221 24.77 07192 24.74 0.7157 24.76 07181 ~0.02
v 0.8-1.0 35.89 36.06 35.84 36.09 36.33 0.44

According to statistics from the habitat quality changes in Shiyan City from 2000
to 2020 (Figure 6), the change in habitat quality index in Danjiangkou, Fangxian, Yunxi,
Yunyang, Zhushan, and Zhuxi counties varied. Additionally, the decrease in the habitat
quality index values of Maojian and Zhangwan districts was in the range of 0.03-0.04.
Among them, the habitat quality index of Maojian District decreased the most from 0.73 to
0.69, followed by the habitat quality index in Zhangwan District from 0.74 to 0.71, which
was mainly due to the increase in built-up land, which more greatly threatened the habitat
more and resulted in the decrease in habitat quality.
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Figure 6. Habitat quality change in counties of Shiyan from 2000 to 2020.

In order to establish spatial visualization of the dynamic increase and decrease in habi-
tat quality in Shiyan City from 2000 to 2020 and to further explore the spatial differentiation
characteristics of habitat quality, the grid calculator tool of the ArcGIS 10.2 platform was
used to calculate the difference in the habitat quality Shiyan City in 2000, 2005, 2010, 2015,
and 2020 as a distribution map. Additionally, the natural breakpoint method was also used
to classify the changes according to five levels: rapid decline, decline, no obvious change,
promotion, and rapid promotion (Figure 7). As can be seen from the figure, the habitat
quality in most areas of Shiyan City showed no significant change from 2000 to 2020, and
the overall spatial pattern was “rising in the southwest to falling in the northeast”. From
2000 to 2010, the areas showing habitat quality improvement were mainly located in the
Hanjiang River of Yunyang District and the Hanjiang River of Danjiangkou City. The land
use structure of these places was mostly water area, and the increase in water surface
caused the habitat quality to improve. From 2005 to 2010, the areas of declining habitat
quality were mainly located in the southern part of Yunyang District, the northern part of
Zhangwan District, and the northern part of Maojian District. The land use structure of
these areas was mostly built-up land, and the increase in construction land was the main
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(d) 2015-2020 : (€) 2000-2020

threat to habitat quality change. From 2010 to 2015, habitat quality improvement areas
were mainly located in Duhe River in Zhushan County and Huiwan River in Zhuxi County.
The areas of declining habitat quality were mainly located in the central part of Yunyang
District, the eastern part of Zhangwan District, and the northern part of Maojian District.
There is urgent demand for economic development in Shiyan City. With the intensification
of urbanization, the proportion of construction land has increased rapidly and has occupied
the bare land and cultivated land. As a result, the surrounding habitats have been squeezed
and divided, leading to the gradual expansion of areas with low habitat quality to the
surrounding areas and a successive decrease in the regional habitat quality. At the same
time, a series of pollutants discharged in the process of construction and production may
cause the degradation of nearby habitats, destroy and disturb the recreational environment
of surrounding species, and pose a greater threat to the maintenance of biodiversity. From
2015 to 2020, the area of habitat quality improvement was mainly located in the south of
Yunyang District, the north of Maojian District, and the forestland in the northwest and
northeast of Zhangwan District. The main reason was that the vegetation coverage rate
increased due to the conversion of farmland to forest and afforestation. The degradation of
habitat quality was mainly located in the central part of Yunyang District and the central
part of Danjiangkou City. The continuous enhancement of the social economy and human
activities has detrimentally affected habitat quality.
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Figure 7. Spatial change of habitat quality in Shiyan from 2000 to 2020: (a) 20002005, (b) 2005-2010, (c) 20102015, (d)
2015-2020, and (e) 2000-2020.

3.3. Habitat Quality Change Characteristics of Different Land Types

Regional habitat quality is greatly affected by land use, and land use change causes
changes in habitat quality, which may lead to the deepening of habitat fragmentation [36].
Land use change contains a large amount of information corresponding to human ac-
tivities, which affects the quality of the landscape ecological environment by interfering
with landscape types and spatial patterns [37,38], leading to a series of changes in the
composition of the ecosystem and, consequently, changes in biodiversity, affecting the
relationship between land use and the ecosystem. In order to understand the impact of
land use changes on habitat quality, the distribution and average habitat quality of different
land use types in 2000, 2005, 2010, 2015, and 2020 in Shiyan City were statistically analyzed.
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The habitat quality of different land use types did not fluctuate significantly in the five
studied periods (Table 5 and Figure 8). The average habitat quality of water, woodland,
and grassland was 0.9265, 0.8114, and 0.6391, respectively. Additionally, the habitat quality
was relatively high. The average habitat quality of cultivated land was 0.3319, which
was relatively low. The distribution of habitat quality was generally consistent with that
of land use types. The quality of the dominant habitats in cultivated land, woodland,
grassland, and water were classified as level I, IV, II, and IV, respectively. Correspondingly,
the habitat quality of water and woodland was the highest, followed by grassland, and the
habitat quality of cultivated land was the lowest. From 2000 to 2020, the area of cultivated
land, woodland, and grassland decreased. Due to the influence of human disturbance,
the habitats showed different degrees of degradation, leading to a slight decline in habitat
quality and with a small range of decline of 0.0006, 0.0007, and 0.0003, respectively. The
water area increased, and the habitat quality greatly improved by 0.0293. From 2005 to 2015,
the area of cultivated land, woodland, and grassland decreased continuously, and the area
of built-up land, as a source of threat, increased. The high habitat quality of cultivated land,
woodland, and grassland continued to degrade to lower habitat quality. This is because,
with the intensification of urbanization, urban expansion transformed the cultivated land,
woodland, grassland, and other habitats in the suburbs into built-up land. In addition,
human activities, such as deforestation and land destruction, have transformed the original
habitat into a threat factor, which has a great impact on regional biodiversity, including
the cutting off of spatial connectivity [39], and this further aggravated the degree of the
threat. From 2000 to 2015, the area for water continued to increase, and its habitat quality
also continued to improve, showing the most significant improvement in habitat quality
of all land types. In conclusion, woodland and water areas contributed the most to the
habitat quality of Shiyan City, and the degradation of woodland was the main reason for
the decline in regional habitat quality.

Table 5. Habitat quality change of different land use types in Shiyan from 2000 to 2020.

Land Use Average Value of

Type Year I 1 1 v Habitat Quality
2000 99.98%  0.02%  0.00%  0.00% 0.3326
_ 2005 100.00% 0.00%  0.00%  0.00% 0.3324
Cultivated 2010 99.99%  0.01%  0.00%  0.00% 0.3315
Land 2015 99.99%  0.01%  0.00%  0.00% 0.3312
2020 99.98%  0.02%  0.00%  0.00% 0.3320
2000 0.00%  2528% 2850%  46.22% 0.8129
2005 0.00%  2527%  2849%  46.25% 0.8130
Woodland 2010 0.00%  2574%  28.64%  45.62% 0.8097
2015 0.00%  2542% 28.75%  45.83% 0.8090
2020 0.00%  2491% 28.64%  46.45% 0.8122
2000 0.00%  50.32% 49.68%  0.00% 0.6392
2005 0.00%  50.25%  49.75%  0.00% 0.6393
Grassland 2010 0.00%  50.15%  49.85%  0.00% 0.6392
2015 0.00%  5045% 49.55%  0.00% 0.6389
2020 0.00%  50.57%  49.43%  0.00% 0.6389
2000 0.00%  0.00%  0.00%  100.00% 0.8978
2005 0.00%  0.00%  0.00%  100.00% 0.9208
Waters 2010 0.00%  0.00%  0.00%  100.00% 0.9407
2015 0.00%  0.00%  0.00%  100.00% 0.9463
2020 0.00%  0.00%  0.00%  100.00% 0.9271

Note: Since built-up land is not a habitat and unused land has low habitat quality, they are not considered here.
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Figure 8. Habitat quality change of different land use types in Shiyan from 2000 to 2020. Cultivated land: (a1) 2000, (a2)
2005, (a3) 2010, (a4) 2015, and (a5) 2020; woodland: (b1) 2000, (b2) 2005, (b3) 2010, (b4) 2015, and (b5) 2020; grassland: (c1)
2000, (c2) 2005, (c3) 2010, (c4) 2015, and (c5) 2020; waters: (d1) 2000, (d2) 2005, (d3) 2010, (d4) 2015, and (d5) 2020.

3.4. Topographic Gradient Effect of Habitat Quality
3.4.1. Topographic Features of Shiyan City

Using ArcGIS software to extract slope and elevation data based on DEM data, we
calculated the topographic position index values for Shiyan City according to Formula (5).
The resulting values were in the range of 0.0491-1.2074. The natural breakpoint method
was used to classify these values according to five levels (Figure 9): I (<0.33), II (0.33-0.50),
III (0.50-0.64), IV (0.64-0.78), and V (0.78-1.21). It can be seen from Figure 9 that the
topography of Shiyan City is low in the center, high in the south and north, and slopes
from the southwest to the northeast. The topographic position index can fully describe the
distribution of the regional topography. The highest point in Shiyan City, Zhuxi Congping,
is 2740.2 m above sea level, while the lowest point, Danjiangkou Panjiayan, is 87 m above
sea level. As can be seen from Figure 10, the topographic locations in the study area are
mainly at level III, accounting for more than 29%, followed by levels 11, IV, and V, which
account for 22.39%, 24.36%, and 12.81%, respectively. The topographic locations at level I
are the least, accounting for only 10.78%.
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Figure 9. Spatial distribution of terrain index values in Shiyan.
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Figure 10. Terrain index values classified according to levels and their respective proportions for
various locations in Shiyan.

3.4.2. Topographic Gradient Effect of Land Use

The terrain of Shiyan City is relatively complex, and the intensity of human activities
and the vertical differentiation of the climate result in the land use structure having obvious
terrain gradient effects, which restrict the distribution of land use types to a certain extent.
Combined with the classification of the topographic position index of Shiyan City, the
reclassified raster map of the topographic position index was superimposed with the
corresponding land use map of 2000, 2005, 2010, 2015, and 2020 in ArcGIS to obtain the
land use change of each topographic position index level (Table 6 and Figure 11). It can be
seen from the chart that the main land use types in Shiyan City are woodland and cultivated
land. The land use types corresponding to topographic position index levels from I to
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V were mainly woodland. With the increase in the topographic level, the proportion of
cultivated land, grassland, waters, built-up land, and unused land showed a decreasing
trend, while the proportion of woodland increased significantly. From 2000 to 2020, the
proportion of cultivated land, woodland, and grassland corresponding to each topographic
position index level showed a decreasing trend, while the proportion of waters and built-
up land increased, and the proportion of unused land remained essentially unchanged.
Moreover, the higher the level of topographic position index, the smaller the variation
range of each land use type over time. This is because the flatter the terrain, the greater the
intensity of human activities, and the more intense the disturbance of human factors on
land use. While severe climate, natural disasters, and other factors have a greater impact
on land use change in high-lying areas, compared to natural factors, human factors have a
more significant impact on land use in the short term.

Level I (al) 2000 (a2) 2005 (a3) 2010 (ad) 2015 (a5) 2020
Level IT (b1) 2000 (b2) 2005 (b3) 2010 (b4) 2015 (b5) 2020
Level TIT (c1) 2000 (c2) 2005 (c3) 2010 (c4) 2015 (c5) 2020
Tevel TV (d1) 2000 (d2) 2005 (d3) 2010 (d4) 2015 (d5) 2020

Levgl"V

(e1) 2000

(e2) 2005 (€3) 2010 (e4) 2015 (€5) 2020

0 15 30 60 920 120

Land use type 1 Cultivated land B Woodland EX Grassland 51 Waters Bl Built-up land EUnused land gy smr———m—Miles

Figure 11. Land use change shown for each terrain index level in Shiyan from 2000 to 2020. Level I: (a1) 2000, (a2) 2005, (a3)
2010, (ad) 2015, and (a5) 2020; level II: (b1) 2000, (b2) 2005, (b3) 2010, (b4) 2015, and (b5) 2020; level III: (c1) 2000, (c2) 2005,
(c3) 2010, (c4) 2015, and (c5) 2020; level IV: (d1) 2000, (d2) 2005, (d3) 2010, (d4) 2015, and (d5) 2020; level V: (e1) 2000, (e2)
2005, (e3) 2010, (e4) 2015, and (e5) 2020.
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Table 6. Changes in area percentage represented by land use types for each terrain index level in
Shiyan from 2000 to 2020.

Area Percentage of Land Use Types/%

Terrain Index

Year . .
Level Cu#;r\zted Woodland Grassland Waters Bl{g:;']p U{‘:Ifgd
2000 3.75% 4.78% 0.73% 1.26% 0.20% 0.00%
2005 3.69% 4.78% 0.72% 1.31% 0.21% 0.00%
1(<0.33) 2010 3.49% 4.65% 0.69% 1.50% 0.38% 0.00%
2015 3.33% 4.49% 0.65% 1.57% 0.68% 0.00%
2020 3.47% 4.61% 0.68% 1.38% 0.55% 0.00%
2000 5.28% 14.30% 2.06% 0.17% 0.05% 0.00%
2005 5.29% 14.28% 2.05% 0.19% 0.05% 0.00%
11 (0.33-0.50) 2010 5.27% 14.21% 2.02% 0.23% 0.13% 0.00%
2015 5.17% 14.04% 1.99% 0.30% 0.36% 0.00%
2020 5.16% 14.10% 2.01% 0.26% 0.33% 0.00%
2000 4.47% 22.65% 2.16% 0.07% 0.01% 0.00%
2005 4.49% 22.63% 2.16% 0.08% 0.01% 0.00%
11T (0.50-0.64) 2010 4.50% 22.61% 2.12% 0.10% 0.02% 0.00%
2015 4.47% 22.55% 2.12% 0.15% 0.08% 0.00%
2020 4.45% 22.58% 2.14% 0.13% 0.08% 0.00%
2000 2.17% 21.56% 1.47% 0.01% 0.00% 0.00%
2005 2.18% 21.54% 1.47% 0.01% 0.00% 0.00%
1V (0.64-0.78) 2010 2.16% 21.57% 1.44% 0.02% 0.01% 0.00%
2015 2.16% 21.56% 1.44% 0.03% 0.02% 0.00%
2020 2.17% 21.55% 1.46% 0.02% 0.02% 0.00%
2000 0.56% 11.54% 0.75% 0.00% 0.00% 0.00%
2005 0.56% 11.54% 0.75% 0.00% 0.00% 0.00%
V (0.78-1.21) 2010 0.56% 11.55% 0.74% 0.00% 0.01% 0.00%
2015 0.56% 11.54% 0.74% 0.00% 0.01% 0.00%
2020 0.56% 11.53% 0.74% 0.00% 0.00% 0.00%

3.4.3. Topographic Gradient Effect of Habitat Quality

Topography is an important factor that affects the distribution pattern of populations
and maintains community diversity [40]. The topography of Shiyan City is relatively
complex, and the spatial distribution of its habitat quality will be affected by the topography
to a large extent. Since the intensity of human activities is usually relatively consistent
within the administrative regions and the establishment and implementation of ecological
policies are all based on the county as the minimum unit [41], the terrain index and habitat
quality of each county in Shiyan City are calculated, and the topographic gradient effect
of habitat quality is studied with the county as the basic unit (Figure 12). It can be seen
from the figure that the topographic position index of Danjiangkou City, Yunyang District,
and Zhangwan District was 0.40, 0.49 and 0.49, respectively, which was at level II, with
an average habitat quality of 0.69, 0.69, and 0.72, respectively. The topographic position
index of Maojian District, Yunxi County, and Zhushan County was 0.55, 0.59 and 0.62,
respectively, which was at level III, and the average habitat quality in the five stages
was 0.70, 0.75, and 0.70, respectively. The topographic position index of Fangxian and
Zhuxi County was 0.64 and 0.68, respectively, which was at level IV, and the average
habitat quality in the five phases was 0.74 and 0.75, respectively. The counties with higher
topographic position index level generally have higher average habitat quality in the five
stages.

By using ArcGIS software, the average habitat quality and distribution of different
habitat quality levels on the topographic position index levels of Shiyan City from 2000
to 2020 were obtained by superposition analysis of habitat quality and terrain gradient
(Table 7 and Figure 13). The distribution characteristics of habitat quality with the change of
terrain gradient were discussed, and the impact of terrain change on the spatial pattern of
habitat quality was revealed. The results show that the spatial distribution of habitat quality
at different levels was significantly different on the topographic gradient. The increases
in the topographic position index level led to the average habitat quality being improved.
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With the increase in the gradient, the impact of human disturbance was reduced and the
vegetation coverage was higher. However, the increase in the average habitat quality
gradually diminished, showing a relatively obvious geographical hierarchical distribution
characteristic. In 2020, the average habitat quality of topographic position index level V
was 1.33 times that of level I, and the increase rates between topographic position index
level I and level V were 10.48%, 10.02%, 5.70%, and 3.74%, respectively, indicating that the
topographic gradient effect of habitat quality was more significant when the terrain was
relatively gentle. From 2000 to 2020, the habitat quality of each level of terrain showed a
downward trend, with successive change values of —0.0098, —0.0074, —0.0020, —0.0011,
and —0.0007. The reason is that the quantity of forest and grassland continued to decrease,
leading to the general decline in habitat quality. The topography of the study area plays an
important role in the spatial distribution pattern of habitat quality. The reason is that the
difference in the geomorphic morphology will lead to different effects of human activities
on land use in space [42,43], which will lead to different habitat qualities in the spatial
distribution. Therefore, the influence of topography should be fully considered in the
optimization of the ecosystem pattern and land use planning and management in the study
area.
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Figure 12. Relationship between terrain index and habitat quality in the counties of Shiyan from 2000
to 2020. (Note: the values in the column on the right side of the figure correspond to the topographic
position index of each county.)

Table 7. Habitat quality for each terrain index level in Shiyan from 2000 to 2020 shown as values.

Habitat Quality

Terrain Index Change Value from
Level 2000 2005 2010 2015 2020 2000 to 2020
I 0.6078  0.6123  0.6130  0.6004  0.5980 —0.0098
I 0.6681  0.6683  0.6640  0.6576  0.6607 —0.0074
I 0.7280 07288  0.7253  0.7236  0.7269 —0.0020
v 07694 07692 07662  0.7653  0.7683 —0.0011

\% 0.7977 0.7975 0.7957 0.7954 0.7970 —0.0007
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Figure 13. Distribution map showing habitat quality for each terrain index level in Shiyan from 2000 to 2020. Level I: (al)
2000, (a2) 2005, (a3) 2010, (a4) 2015, and (a5) 2020; level II: (b1) 2000, (b2) 2005, (b3) 2010, (b4) 2015, and (b5) 2020; level III:
(c1) 2000, (c2) 2005, (c3) 2010, (c4) 2015, and (c5) 2020; level IV: (d1) 2000, (d2) 2005, (d3) 2010, (d4) 2015, and (d5) 2020; level
V: (e1) 2000, (e2) 2005, (e3) 2010, (e4) 2015, and (e5) 2020.

4. Discussion

In this study, the habitat quality module of the INVEST model was used to evaluate
the change in the pattern of habitat quality in Shiyan City from 2000 to 2020, revealing
the spatiotemporal variation characteristics of habitat quality in the process of land use
change and analyzing the distribution characteristics of habitat quality from a topographic
perspective. The results may provide a scientific basis for the optimization of regional
ecosystem pattern and land use planning and management, which is of great significance
for the rational and sustainable use of land resources and the construction of an ecological
civilization [44].

The study found that the habitat quality in Shiyan City showed obvious spatial hetero-
geneity. The higher quality habitats (III, IV) were mainly distributed in the mountainous
and hilly areas, lakes, and rivers, while the lower quality habitats (I, II) were mainly dis-
tributed in the agricultural urban areas, which was consistent with the results of Wang
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Geng et al. [15] and Xie Yuchu et al. [30]. This was because the habitat quality was cor-
related with topography and land cover to a certain extent. The mountainous and hilly
areas had low population density, less human disturbance, a large number of woodland
and grassland areas, relatively high species richness, high vegetation coverage, and good
natural ecological conditions. Rich water resources were suitable for the survival of aquatic
animals and plants. Therefore, we should pay more attention to water resources and effec-
tively limit the encroachment and pollution of cultivated land and built-up land on water.
The agricultural urban areas had large population density, strong interference from human
activities, low vegetation coverage, low biodiversity, and a relatively fragile ecological
environment. From 2000 to 2020, the overall spatial pattern of Shiyan City was “rising in
the southwest to falling in the northeast”. The habitat quality was mainly improved in
water and woodlands. The increase in water surface and the improvement to the vegetation
coverage rate improved the habitat quality. The decrease in habitat quality was mainly
caused by built-up land. Regional resource endowment will limit the overall level of
habitat quality, while industrial development and land use will affect its change trend to
a certain extent, resulting in the difference in the distribution and change level of habitat
quality [45]. With the acceleration in the urbanization process, economic development,
and population increases, the discordance between people and land is increasing. Urban
expansion encroaches on original habitats, forming a new source of threat. As a result, the
surrounding habitats have been squeezed and divided, leading to the successive decrease
in the regional habitat quality. Therefore, we should strictly control the expansion of
built-up land, improve optimization of the internal urban layout, minimize the scale of
built-up land expansion to promote economic development, and limit the phenomenon
of blind and uncontrolled urban expansion [46]. From 2000 to 2020, the habitat quality
of all terrain levels showed a downward trend, and the number of forest and grasslands
continued to decrease, leading to a general decline in habitat quality. Therefore, it is neces-
sary to strengthen the control of the use of forestland, build and improve forest resource
protection and restoration systems, and further prioritize the protection of forests and
grassland ecology [47]. At the same time, attention should be paid to the protection of
cultivated land, as its role in ensuring food security cannot be ignored. It is necessary to
encourage the development of ecological agriculture and to reduce the use of chemical
fertilizers and pesticides that threaten the survival of animals and plants. We must be alert
to the destruction of habitats caused by economic development, strive to minimize human
interference and, at the same time, continue to increase ecological restoration efforts to curb
the trend of the declining function of biodiversity, in order to realize the optimal pattern of
maximizing the comprehensive benefits of the society, economy, and ecology.

The InVEST model combines the advantages of RS and GIS and has characteristics
that make it suitable for different regional scales and shows strong spatial analysis function
and good spatial display effects. The results from this study alone are insufficient and need
to be strengthened in the following respects. (1) The habitat quality in the InVEST model
is an important reflection of regional biodiversity status. The model assumes that areas
with good habitat quality have high biodiversity and that biodiversity will be affected
when similar habitats are destroyed. While habitat destruction is one of the main causes of
biodiversity loss [48], in practice, places with good habitat quality do not necessarily have
high biodiversity. (2) While the InVEST model is relatively mature, it requires less data and
has advantages in terms of spatial expression and dynamic research; the parameter setting
in the calculation of the model is subjective to a certain extent, such as when considering
the influence distance and weight of the threat factors. Additionally, habitat sensitivity
and other parameters are not uniform. The results are difficult to compare horizontally.
Further, parameter verification and rationality evaluation are worthy of further discussion.
(3) The factors that affect the habitat quality are complex, and there is no in-depth analysis
of the influence mechanism of each factor on its distribution formation. Moreover, the
combined coercion effect of multiple threat sources may be far greater than the simple
sum of the single threat source coercion effect. The InNVEST model does not consider
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the combined coercion effect of threat sources. In the future, we could try to establish a
more scientific, accurate, and unified parameter table. (4) The IN'VEST model integrates a
variety of ecosystem service evaluation models, such as carbon storage, water conservation,
soil conservation, etc., which can be used to analyze the changes in the comprehensive
ecosystem services in Shiyan City in the future and may provide support for the protection
of Shiyan’s ecological security [49-57].

5. Conclusions

In this study, DEM and five periods of land use grid data from 2000, 2005, 2010, 2015,
and 2020 were used to evaluate the spatiotemporal variation characteristics of habitat
quality in Shiyan City based on the InVEST model. Additionally, the topographic gradient
effect of habitat quality was studied using the topographic position index. The following
conclusions were reached:

(1)  From 2000 to 2020, the land use types in Shiyan City were mainly woodland, cultivated
land, and grassland. The area of built-up land and waters increased by 282.68% and
18.01%, respectively. The proportion of unused land decreased by 12.56%, and the
change in other types of areas was small;

(2) The habitat quality in Shiyan City showed obvious spatial heterogeneity. The habitat
quality of the whole city was high in the northwest and southwest, moderate in the
center, and low in the northeast. Overall, the higher quality habitats (III, IV) were
widely distributed;

(3) From 2000 to 2020, the overall average habitat quality in Shiyan City first increased,
then decreased, and then increased again. Further, the overall average habitat quality
was at a higher level. The overall spatial pattern of Shiyan City was “rising in the
southwest to falling in the northeast”;

(4) The distribution of habitat quality was roughly consistent with that of the land use
type. The highest habitat quality was found in water and woodland, followed by
grassland, and the habitat quality of cultivated land was the lowest. From 2000
to 2020, the habitat quality of cultivated land, woodland, and grassland decreased
slightly, while the habitat quality of water improved greatly;

(5) The terrain level of Shiyan City is low in the center and high in the south and north. It
slopes from southwest to northeast. The terrain level index of Shiyan City was mainly
level I1I, followed by levels II, IV, and V, and level I was the least. The higher the level
of topographic position index, the smaller the change of each land use type over time;

(6) With the increase in the topographic position, the average habitat quality was im-
proved correspondingly, but the increase gradually diminished. Additionally, the
topographic gradient effect of habitat quality was more significant.
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