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Abstract: Global urbanisation has accelerated in recent years, especially in rapidly growing coastal
cities, and the destruction of habitat and natural resources has intensified. Although much attention
has been paid to the study of habitat quality, there are still gaps in our understanding of the factors
that influence it and their interactions. In this study, the INVEST habitat quality evaluation model
and the GeoDetector model were used to construct a framework for analysing the dynamic changes
in habitat quality and their influencing factors from 1992 to 2015. Wenzhou City, Zhejiang Province,
China, was selected as the study area. The new framework extends studies on habitat quality change
to annual analysis and reduces the lag between the actual change and the mapping time. The
interactions between natural and anthropogenic factors are explored, and the effects of different types
of land use conversion on habitat quality are further discussed. The results show that: (1) During the
study period, cultivated and construction land areas in Wenzhou City increased the most, and forest
land area decreased the most. (2) Habitat quality in Wenzhou City was generally good during the
study period, but it showed a declining trend from year to year, and the distribution of habitat quality
decreased from west to east. (3) The interactions between land use change and annual precipitation
change and those between land use change and population density change have the most significant
impact on habitat quality. The conversion of forest land to cultivated land, conversion of water area
to cultivated land, and conversion of forest land to building land have the greatest impact on habitat
quality. The results of the study can provide recommendations for ecological restoration, optimal
integration of protected areas, and provide a reference for the healthy and sustainable development
of coastal regions.

Keywords: habitat degradation; LUCC; driving force; GeoDetector model; coastal city

1. Introduction

Coastal cities represent intersections between land and sea, and are characterised
by their special geographical location, differential natural resources, and good economic
foundations [1]. Land reclamation and urbanisation can have a significant impact on coastal
ecological health in terms of issues such as habitats for plant and animal communities, and
changes in soil properties [2]. Habitat quality refers to the provision of a suitable living
environment for individuals or populations in an ecosystem [3] and reflects the biodiversity
to a certain extent [4]. High quality of habitat is the basis of ecosystem services, providing
humans with significant economic benefits and cultural values [5]. However, according
to the Global Assessment of Biodiversity and Ecosystem Services, one million of the eight
million species found globally are now threatened by extinction due to human activities [6].
Comparing with inland cities, the habitat quality of coastal cities faced more pressure from
urban development and climate change [7,8] Assessment of the spatiotemporal evolution
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of habitat quality and exploration of the factors affecting its change are critical to the
construction of a regional ecological security framework [9], and to spatial and layout
planning in coastal cities.

How is habitat quality measured? Different methods are developed for the assessment
of habitat quality at different scales [10]. At a small scale, the distribution and abundance
of major species in the region are determined based on field survey data [11]. For ex-
ample, Loffler and Fartmann [12] measured regional habitat quality based on vegetation
structure, analysed the effects of grassland landscape and habitat quality on Orthoptera
insects, and proposed that improving regional habitat quality is critical to strengthening
the conservation and management of Orthoptera insects. However, it is difficult to study
all types of provinces and cities with large regional areas using this method. To extract
environmental factors at a large and medium scale, the InVEST model [13] and the remote
sensing ecological index (RSEI) [14] are usually used to rapidly evaluate habitat quality.
Many previous studies have used the InVEST model to explore the correlation between
habitat quality and land use changes in different regions [15]. However, most current
studies discuss habitat quality changes over different time periods at intervals of five or ten
years, but annual habitat quality changes have not been studied.

Although much attention has been paid to the study of habitat quality, there are
still gaps in our understanding of the factors that influence it and their interactions. The
determination of factors affecting changes in habitat quality provides the basis for the
protection of the habitat biodiversity [16], and it is important to solve certain key problems
for the promotion of habitat protection [17]. In recent studies, the influencing factors have
been classified into two groups [18]: natural factors and anthropogenic factors. Natural
factors, such as elevation, do not change significantly in the short term; however, they
indirectly limit human activities. Differences in topography, precipitation, and vegetation
distribution affect the spatial component of various habitats [19]. Anthropogenic factors,
such as population density, gross domestic product (GDP), and land use changes, are the
most direct manifestations of human activities [20]. The results of recent studies show that
land use changes are the main factor controlling changes in habitat quality [21]. However,
it remains unclear which types of land use changes have the most significant effects on
habitat quality. In real life, changes in habitat quality are due to interactions among various
influencing factors, which form a relatively complex network. The relative importance of
each influencing factor changes depending on the time, policy, and region.

Ordinary least squares regression and geographically weighted regression analysis
are the most important methods used to study the correlations between habitat quality and
influencing factors [22]. These two methods can be used to analyse the spatial heterogeneity
of similar geographical attributes and local clustering [23]. These effects can be explained
by the position, relation, and weight of spatial distance of influencing factors based on
a linear model [24]. However, these methods only involve linear interpolation and have
certain limitations, although they all are based on linear regression models [25]. In most
studies, county-level administrative units or different grid units are used, but the effects of
different influencing factors at different scales are ignored [26]. The nonlinear GeoDetector
model, which is a group of statistical methods that can be used to determine geospatial
heterogeneity and its driving forces [27], was used in this study to analyse the correlations
between changes in habitat quality and influencing factors at different scales and in different
regional zones. The advantage of the GeoDetector model is that it can analyse both
numerical and qualitative data. It can be used to determine the interactions among different
factors [28] and to quantitatively analyse the interactions between two factors [29].

Wenzhou City located in the east of Zhejiang Province, China, is a prefecture-level
city that is designated as one of the three major representative cities after the reform and
opening up of China. It has developed rapidly and is often regarded as a typical example
of the privatisation and corporatisation of Chinese cities in the context of market-oriented
reforms and open experiments [30]. However, rapid economic development often comes
at the cost of damaging the environment, putting enormous pressure on the ecological
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environment due to urban expansion, changes in land use, and uneven spatial allocation
of resources and environment. This study chose Wenzhou City as the research area and
analysed annual changes in its habitat quality and the factors influencing it, to provide
a reference for ecological environmental protection and land use in rapidly developing
Chinese coastal cities, and to promote the pace of urban transformation to encourage the
construction of the ecological civilisation of China. This study focuses on the following
questions:

1. What is the overall habitat quality situation in the urban area of Wenzhou City?
2. How has habitat quality in Wenzhou changed from 1992 to 2015, year by year?
3.  What are the main factors contributing to changes in habitat quality?

4. How do natural and anthropogenic factors interact with each other?

The aim of this study is to construct a framework for analysing the dynamic changes in
habitat quality and their influencing factors and explore interactive effects between natural
factors and anthropogenic factors on habitat quality. Based on the INVEST habitat quality
evaluation model, the annual assessment of habitat quality is conducted. In addition, the
GeoDetector model is applied in the study to explore the interaction between the factors
that influence the change of habitat quality. The continuous evaluation of habitat quality
and the effects of various factors may provide a scientific basis for the ecology evaluation in
territorial spatial planning, optimal integration of protected areas, and suggest the direction
for future planning measures and development.

2. Methodology
2.1. Study Area

Wenzhou City is on the south-eastern coast of China. It is surrounded by mountains
on three sides and faces the sea on one side. The territory is rich in natural resources and
known as ‘seven mountains, two waters, and one field'. The topography of Wenzhou City
is trapezoidal from the southwest to the northeast and the landforms can be divided into
low mountainous areas in the west, low mountainous and hilly basins in the centre, plain
and tidal flat areas in the east, and coastal island areas. The region is rich in forest resources,
with forest coverage of 60.03% [31]. The forest ecosystem is the most extensive ecosystem
type found in Wenzhou City. Wenzhou City has a dense river network and a developed
surface water system, including the Oujiang, Feiyun, and Ao rivers [32]. According to the
Wenzhou Bureau of Statistics [33], the land and sea areas of Wenzhou City are 12,083 and
8649 km?, respectively. Wenzhou City has 12 counties and districts under its jurisdiction,
with a permanent population of 9.3 million people. In recent years, Wenzhou has seen
rapid urbanisation, with the city’s gross domestic product (GDP) standing at 1.322 billion
yuan in 1978; surpassing 100 billion yuan in 2002; and reaching 687.09 billion yuan in 2020,
with rapid economic growth.

2.2. Methods
2.2.1. Description of the Habitat Quality Model

The habitat quality model was selected as the submodule of the IN'VEST model. Habitat
quality maps were generated by combining land use data and information about biodiver-
sity threat factors to determine the regional environmental quality [34]. Habitat quality
scores were calculated as follows:

GZ
Qup = My (1 - ) 1)

where Q, represents the habitat quality score of habitat pixel a in habitat type b; M represents
the habitat suitability of habitat type b; and G and K are the default model parameters,
which are 2.5 and 0.5, respectively.
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The degree of the degradation of the habitat at this location is:

E F
Gac = 2 2 <m>ecieucﬁushe (2)

E
e=1f=1 Ze:] We

where G, denotes the habitat degradation degree of habitat pixel a in habitat type c; e is the
threat source for the habitat; and f is the grid of the threat source e.
The stress effect of e in grid f on the habitat in grid 4 is ieqa:

foge = 1 — GG,::)( (linear decay)

®)

leac = €XP (— % Gac) (exponential decay)

where G, is the distance between pixel 2 of the habitat and pixel c of the threat source; W
and Gy are the weight and maximum influence range of the threat source E, respectively;
B represents the effects of local conservation policies; and S represents the relative sensitivity
of each habitat to different threat sources.

The land-use was derived from MODIS Land Cover/Dynamics (MCD12) data [35].
The original land-use and cover classification includes six categories: agricultural land,
forest land, grassland, wetland, construction land, and other land uses, as well as 22 sub-
categories from the original spatial dataset [36]. Based on the actual situation in Wenzhou
City, six categories were used in this study: cultivated land, forest land, grassland, aquatic
environments, construction land, and bare land. Cultivated land, construction land, and
bare land were considered to be the primary habitat threat factors, because all three are
disturbed by human activities, the natural conditions of bare land, bare rock, and stony
land in Wenzhou City are poor, and bare land causes dust pollution in sunny days and
erosion in rainy days.

Information about threat sources and habitat sensitivity parameters were obtained
from Haiyan [37] and related studies and were used as input for the habitat quality module
of the InVest model (Tables S1 and S2).

2.2.2. GeoDetector Model

The GeoDetector model is composed of four detectors: factor detector, risk detector,
interaction detector, and ecological detector. In this study, the interaction and factor
detectors were used to explore the factors affecting the spatial differentiation of habitat
quality.

Factor detector

The calculation is as follows [28]:

A
Y. Nyo?
=1- = 4
q = @
where q is the degree to which an impact factor explains the distribution of the habitat
quality; A is the stratification of the impact factors; N, and n are the habitat quality of layer
a and the whole region, respectively; and ¢?; and ¢ are the variance of layer a and the
study area. If the explanatory power of the influencing factor q is within the range of (0-1),
the closer q is to 1, and the stronger the influence of this factor on the spatial differentiation

of the habitat quality. Otherwise, the influence is weaker.
Interaction detector

Based on the comparison of the q values of single factors, the sum of two single factor q val-
ues, and the q values of the double-factor interaction, the interaction detector can be divided into
five classes based on the highs and lows of these three values. If q(Y1NY2) < Min[q(Y1), q(Y2)],
the interaction is decreasing nonlinearly. If Min[q(Y1), q(Y2)] < q(Y1NY2) < Max[q(Y1), q(Y2)],
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the interaction decreases linearly by a single factor. If q(Y1MY2) > Max[q(Y1), q(Y2)], the
interaction is a double-factor enhancement. If q(Y1NY7) = q(Y1) + q(Y2), the interaction is
independent. If q(Y1NY2) > q(Y1) + q(Y>2), the interaction is a nonlinear enhancement.

Selection of the best GeoDetector parameters

As a spatial statistical method, the GeoDetector model analyses the correlations among
different factors based on grid data. The sizes of different aggregation areas or spatial
distribution, i.e., the scale and partition effects, must be considered to produce different
results [23]. Firstly, the effect of scale on the GeoDetector model results was analysed to
determine the best parameters. Based on previous studies, the data resolution, and research
area, five grid scales were selected: 1000 x 1000 pixel, 2000 x 2000 pixel, 3000 x 3000 pixel,
4000 x 4000 pixel, and 5000 x 5000 pixel. Secondly, different types of independent variables
were used to determine the effect of partitioning on the GeoDetector model. Different
classification methods are generally used for the discretisation of numerical independent
variables. In this study, the natural breakpoint and manual classification methods were
adapted to test and select the best model.

Selection of the spatial distribution of influencing factors

The factors affecting changes in habitat quality are diverse and complex. Based on
previous studies, the natural environment is in innate existence, and its transformation
is caused by human interference. Therefore, the effects of changes in habitat quality can
be divided into natural factors and anthropogenic factors. Based on the literature and on
existing data for the study area, six influencing factors were selected for analysis in this
study (Table 1).

In this study, the indexes that represent natural factors include the elevation, annual
mean precipitation, and normalised vegetation index. Elevation influences the composition
of the vegetation structure and indirectly affects the habitat selection of animals [38], and
thus the habitat quality. Annual average precipitation is an important factor that affects
the growth and reproduction of organisms as well as the food resources of animals and
plants [39]. The normalised difference vegetation index (NDVI) can reflect the growth status
and coverage degree of vegetation. It is the most direct method that can be used to model
the advantages and disadvantages of regional ecological environments [40]. Anthropogenic
factors include urbanisation, population density, and land use/cover change (LUCC).
Night-time light data can be used to measure the overall urbanisation intensity [41]. Rapid
urbanisation leads to a gradual imbalance in ecosystem functions [42]. The population
density reflects the distribution of the population. Where habitat quality is good, there tends
to be less human disturbance. LUCC can reflect the human economic activities and is an
embodiment of human activities [43]. The digital elevation model (DEM), precipitation, and
population density data were obtained from the Resources and Environmental Science Data
Center, Chinese Academy of Sciences (Beijing, China; http://www.resdc.cn/, (accessed
on 5 March 2021)). The NDVI data originated from the Geospatial Data Cloud (http://www.
gscloud.cn/#page6, (accessed on 5 March 2021)). Night-time light data were derived from
the Chinese Long-term Series Annual Artificial Night-time Light dataset (1984-2020) [44].

Table 1. Summary of factors affecting habitat quality based on the literature and factors used for the
GeoDetector model.

Category Factors Affecting Habitat Quality, Based on the Literature Factors Used for the Geodetector Model
Topographic factors [5] Elevation
Natural factors Climate [45] Annual average precipitation changes
Vegetation coverage [46] NDVI changes from 1992 to 2015
Urbanisation [42] Changes of night-time light data from 1992 to 2015
Anthropogenic factors Population [41] Population changes from 1992 to 2015

LUCC [47,48] Land use transformation from 1992 to 2015
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2.2.3. Improvement of the Logistic Multiple Regression Model for the Analysis of
Influencing Factors

SPSS Statistics 26.0 (IBM Corp, Armonk, NY, USA) statistical software was used to
re-analyse the same data, using logistic regression model analysis. Based on sample data,
the model generates regression coefficients for each variable. The correlations between
dependent and independent variables in the model can be determined and discussed based
on these coefficients. The subordinate variables are 0 and 1, where 0 indicates no change in
the habitat quality [19]. If q is the occurrence probability of the event and the value range is
0-1, 1—q is the probability that the event does not occur, which can be calculated using a
logistic function:

0= exp(Bo + B1N1 + BoNo + ... + BuNy)
1+ exp(ﬁo + ‘31N1 + ,BZNZ + ...+ ‘BnNn)

where N1, Ny, ..., N, are factors that affect habitat quality change, such as the elevation,
precipitation, and land use change. The constants in the By equation, that is, B1, B2, and
so forth, are partial regression coefficients of the B, logistic regression that represent the
degree of the influence of the independent variables.

©)

2.2.4. Principal Component Analysis

Principal component analysis (PCA) is a statistical analysis method that converts
multiple indicators into a small number of comprehensive indicators [49]. In this study,
various land use changes were used as indicators for the PCA, to obtain the characteristic
roots of the matrix and corresponding variance contribution rate. PCA was undertaken
using SPSS Statistics 26.0 statistical software. Subsequently, the score of each component
factor was calculated using the linear expression and a comprehensive score was obtained
using the variance contribution rate as the weight [50]. Finally, the comprehensive score of
each principal component was converted to a percentage system and used as the evaluation
score, which more accurately reflects the effects of various land use changes on habitat

quality.

3. Results
3.1. Spatiotemporal Patterns of Land Use in Wenzhou City from 1995 to 2015

From 1992 to 2015, the proportions of forest land and cultivated land in Wenzhou City
remained high. Cultivated land and construction land areas increased slowly, whereas
forest land, grassland, bare land, and aquatic environments decreased gradually. From
1992 to 2015, the cultivated land area increased the most (77,652.98 ha). It increased rapidly
from 1992 to 2000 and remained at 57,000 ha in 2015. The construction land area increased
by 45,851.43 ha; it expanded continuously and, after 2000, the construction area increased
more rapidly (Figure 1).

The forest land area decreased to 112,313.87 ha. The forest land area decreased from
1992 to 2000 and has remained at ~560,000 ha since then. The grassland area increased to a
maximum of 35,137.44 ha in 2001, then decreased to 30,000 ha and remained at a relatively
stable level. The bare land area slightly decreased, whereas the aquatic environments
remained unchanged.

3.2. Spatiotemporal Changes in the Habitat Quality

The value range of habitat quality is (0-1). The larger the value is, the higher the
habitat suitability [41]. To explain the changes in habitat quality in Wenzhou City, the
results of the calculations of the 24 phases of the habitat quality index were divided into
five ranges: 0-0.2, 0.2-0.4, 0.4-0.6, 0.6-0.8, and 0.8-1. The quality of the habitat was then
graded according to the following five levels: extremely poor, poor, medium, good, and
excellent. Based on these results, it was found that there is no good habitat in Wenzhou
City.
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Figure 1. Changes of the forest land and cultivated land areas in Wenzhou City from 1992 to 2015 (left
ordinate: grassland, bare land, construction land, and aquatic environments; right ordinate: forest
land and cultivated land).

The habitat quality in Wenzhou City was relatively good from 1992 to 2015. The
area of excellent habitat quality accounted for the largest proportion of the whole city.
However, the area of excellent habitat decreased from 1992 to 2003 and then stabilised at
~610,000 ha. The area of medium habitat quality increased from 406,615.78 ha in 1992 to
491,415.81 ha in 2005 and then remained at the same level. The area of extremely poor or
poor habitat quality was smaller. The area of extremely poor habitat quality increased from
37,334.59 ha in 1992 to 83,121.74 ha in 2015. During 1996, the area of poor habitat quality
sharply decreased by 2894.69 ha and reached 197.83 ha in 1997. Subsequently, the area of
poor habitat quality slightly fluctuated, but did not exceed 307.99 ha (Figure 2).
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200,000 [

100,000

A g 1A l I I I I I |
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year

W Extremely poor habitat Poor habitat Medium habitat Excellent habitat

Figure 2. Statistical chart of habitats of different qualities in Wenzhou City from 1992 to 2015.
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The spatial distribution of habitat quality in Wenzhou City considerably differs. Over-
all, habitat quality decreases from the west to the east; that is, the average habitat quality in
the inland region is better than in coastal counties and cities (Figure 3). Excellent habitat is
mainly located in Yongjia, Taishun, and Wencheng counties, followed by Longwan District
and Dongtou District. The prime quality habitats decreased in all counties and cities. The
habitats in Cangnan County, Ruian City, Yueqing City, and Pingyang County decreased
significantly. Yongjia County had a medium habitat quality. Ruian City, Yueqing City, Cang-
nan County, Pingyang County, Taishun County, and Wencheng County have experienced
rapid growth for 24 years. Ruian City rapidly grew from 1994 to 2002 and then stabilised.
In 2005, it slowly declined to the 2015 level of Cangnan County. Lucheng District, Longwan
District, Longgang City, and Dongtou District have fewer areas of medium habitat quality.
The area of poor habitat quality decreased in all counties. It declined rapidly from 1996 to
1997, especially in the Longwan District, which had the poorest habitat quality. The area
of extremely poor habitat quality increased in all counties and cities. The rate of increase
started to accelerate after 2000, and this trend was noticed particularly in Yueqing City
and Ruian City. The area of extremely poor habitat quality in the Ouhai District rapidly
increased from 2000 to 2010, ranking third after the Lucheng District. Taishun County and
Wencheng County had the smallest areas and slowest growth rates.

Changes from 1992-2015

Legend of habitat degradation Legend of habitat quality changes. from 1992-2015
Wroor [ Medium B cerient [ Excetient to poor [0 Poor to superier [7] Modium to cxareme [0 Poor
[ Medium [ Excetienn. I Mediom 10 excettent [ Excelien o medivm [ Eureme [ Poorto extreme (I Supcrior o extreme A T—mkm

Figure 3. Changes in habitat quality in Wenzhou City from 1992 to 2015.

3.3. Relative Level of Habitat Degradation

The degree of habitat degradation ranges from zero to one. The larger the value is,
the higher the habitat suitability [41]. To explain the changes in the habitat degradation
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in Wenzhou City, habitat degradation has been reclassified in GIS into five stages: little
degradation (0-0.2), mild degradation (0.2-0.4), moderate degradation (0.4-0.6), high
degradation (0.6-0.8), and extremely high degradation (0.8-1).

The land area that experienced habitat degradation in Wenzhou City was relatively
low from 1992 to 2015. The areas of little degradation accounted for the largest proportion
of the whole city. These decreased over the 24 years, whereas areas with the other four
types of degradation increased. Areas of moderate degradation grew the most rapidly. In
2015, these areas accounted for approximately ten times their area in 1992. There were
no areas with a relatively high degree of degradation from 1992 to 1995, but they began
to appear after this time. After 2004, the growth rate of areas with relatively high degree
of degradation accelerated and reached ~11,241.60 hectares in 2015. There were no areas
of extremely high degradation from 1992 to 2006. These began to appear after 2007 and
reached 902.05 hectares in 2015 (Figure 4).

60.000 1,200,000
50.000 1,000.000
40,000 | 800,000
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< g
S 30.000 [ 600,000 =
€ g
<
20.000 [ 400.000
10,000 | 200,000
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Moderate degradation High degradation
N Extremely high degradation === Little degradation
Mild degradation

Figure 4. Statistical chart of the changes in the areas of habitat degradation in each county of Wenzhou
City from 1992 to 2015.

Coastal areas were the main areas that experienced habitat degradation in Wenzhou
City, whereas the degree of degradation of inland areas was relatively low. Areas of little
degradation were concentrated in Yongjia County, Taishun County, and Wencheng County;
there was a lower proportion of such areas in in Longgang City and the Longwan, Dongtou,
Lucheng, and Oubhai districts. The areas of mild degradation increased, except in the Ouhai
and Longwan districts. The area of mild degradation in Leqing City remained stable from
1992 to 2000 and then sharply increased. The area of mild degradation was the largest in
2015. In 1992, Pingyang County experienced the least degradation. Over the past 24 years,
its rapid growth surpassed that of many other counties and cities; it ranks second. The
areas of moderate degradation in each county and city increased by different amounts over
the past 24 years. The Ouhai District showed slow growth from 1992 to 2000 and rapid
increase from 2000 to 2007. The area of moderate degradation then slightly decreased to
10106.41 ha. After 2004, the growth rate of Ruian City accelerated. In 2012, it surpassed that
of Ouhai District. The county accounted for the largest area of moderate degradation in
Wenzhou City. After 2000, the area of relatively high degradation was zero. Subsequently,
each county and city started to grow. The Ouhai District had the fastest growth rate. It
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accounted for an area of ~5254.77 hectares in 2015. Before 2006, there were no areas of
extremely high degradation in Wenzhou City, but these increased by different degrees in
the Lucheng, Longwan, and Ouhai districts and in Yongjia County. The Ouhai District had
a rapid rate of growth; the area of extremely high degradation area was ~354.01 hectares
in 2015. Before 2011, the area of extremely high degradation in the Lucheng District was
~157.34 hectares. Subsequently, the area exceeded that of the Ouhai District and accounted
for the largest area of high degradation area in Wenzhou City (~445.16 hectares; Figure 5).
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Figure 5. Changes in areas with moderate habitat degradation in each county in Wenzhou City from
1992 to 2015.

3.4. Analysis of Factors That Affected Changes in Habitat Quality

The natural breakpoint method was used to match the natural and anthropogenic
factors with habitat quality in Wenzhou City. The results were imported into the GeoDetec-
tor model to calculate the Q value of each factor, to illustrate its influence on the spatial
distribution of habitat quality. The result shows that the Q value of each influencing factor
can be ranked from large to small as follows: land use change (0.696); elevation (0.211);
night-time light change (0.144); NDVI change (0.120); precipitation change (0.097); and pop-
ulation density change (0.068). Therefore, land use change is the key factor that affected the
changes in habitat quality in Wenzhou City. As the areas of cultivated land and construction
land in Wenzhou City has risen, the intensity of land use has significantly increased. This
increased the possibility of changes in land use type from habitat to non-habitat. The effect
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of elevation is more notable than that of other natural factors. Wenzhou City is surrounded
by mountains on three sides and the sea on one side. Landform can be divided into low
mountainous areas in the west, low mountainous and hilly basins in the centre, plain and
tidal flat areas in the east, and coastal island areas. Plains and hilly areas are conducive
to the development of human activities, whereas mountains have a higher elevation and
rugged terrain that is not conducive to human activities. The change in night-time light
ranks third. In recent years, the rate of urbanisation has accelerated, which significantly
contributed to the changes in habitat quality. The increase in the regional economic GDP
of Wenzhou City attracts migrants and promotes urbanisation. The transportation net-
works and infrastructure were significantly improved, but this increased the possibility of
a decline in habitat quality.

Analysis of the factor interactions (Figure 6) shows that when compared with single
factor interaction, the results of the interactions between each impact factor and other
factors are enhanced by varying degrees. Land use N precipitation change (0.733) and
population density change (0.730) have the largest values, followed by the land use N night-
time light change (0.723), land use elevation N DEM (0.715), and land use N NDVI (0.715).
The population density change N precipitation change (0.211) showed the least interaction.
There is a notable interaction between land use change and other factors. The land use
type significantly affected the distribution patterns of different ecosystems. In addition, the
increasing frequency of human activities led to an accelerated transformation of land use
types, which increased the ecological pressure of surrounding towns and sped up changes
in habitat quality. The interaction among anthropogenic factors was stronger than among
natural factors, although natural factors are the foundations of habitat quality; they change
slightly with weak intensity. Obvious changes in natural factors such as elevation would
not occur without the disturbance of human activities. Therefore, the pairwise interaction
among the anthropogenic factors is stronger than that among natural factors or between
natural factors and social-economic factors.
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Figure 6. Results of interaction detection of factors influencing habitat quality in Wenzhou City.

4. Discussion
4.1. Analysis of the Habitat Quality in Wenzhou City

From 1992 to 2015, the overall habitat quality in Wenzhou City was good. Habitat
quality slightly decreased from west to east. This is mainly due to the rich ecological
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resources in the western part of Wenzhou City. There are contiguous forest lands in the
western part of Wenzhou City with high forest coverage. Economic development is slower
in the western region than in the eastern region. According to Pan et al. [51], higher
habitats in Zhejiang Province are mostly concentrated in the mountainous and hilly areas of
Wenzhou City, which is consistent with the findings of this paper. In 1994, the State Council
issued and implemented the Regulations of the People’s Republic of China on Nature
Reserves [52]. In the same year, Wenzhou City council established the Zhejiang Wuyanling
National Nature Reserve in Taishun County to protect its subtropical forest ecosystem and
rare plants and animals, such as pheasants and macaques [53]. In 1997, Wenzhou City
established its first national forest park, Zhejiang Yandang Mountain National Forest Park.
By the end of 2015, the number of natural protected areas in Wenzhou City significantly
increased. It had 32 protected areas at and above the provincial level. During this period,
the forest area of Wenzhou City increased by 33,000 hectares and the forest coverage rate
increased by 20.9% [33]. Therefore, the quality of excellent habitats in Wenzhou City is well
protected, and the quality of habitats in the western region is higher than in the eastern
region. In addition, during 1995-2015, urban expansion in Wenzhou City was mainly
concentrated in urban centres and coastal areas [54], with the largest area of land occupied
by construction land, followed by forest land. The findings of our study are consistent with
previous studies mentioned above. The habitat quality in Wenzhou City has been declining
year by year in recent years, especially in coastal areas, where it is emergent to establish
protected areas or take other effective conservation measures to change the degradation
status.

4.2. Analysis of the Factors Affecting the Change in the Habitat Quality

Based on the results discussed in Section 3.3, the social and economic factors are the
key factors that have affected changes in habitat quality in Wenzhou City. Based on the
Wenzhou City 1992-2015 Yearbook [55], the land area, population, and GDP of Wenzhou
City increased by 281 km?, 1.35 million, and 417.619 billion yuan, respectively, mainly in
Oubhai District, and in Yueqing City and Ruian City. Based on the adjustment of the land use
structure in Wenzhou City (1997-2010) [56], the largest increase in construction land was
mainly concentrated in Yueqing City and in the Ouhai and Lucheng districts, which further
suggests that areas of extremely poor and poor habitat quality in the Ouhai District, Ruian
City, and Yueqing City accounted for the largest proportion of the whole city. Regions with
relatively slow population and GDP growth were mainly distributed in Yongjia County,
Taishun County, Wencheng County, and the Dongtou District, which corresponded to the
regions with the most extensive distribution of superior habitat. LUCC, population density,
and economic growth have a notable spatial aggregation effect and the driving forces of
social and economic growth in Wenzhou City weaken gradually from the east to the west.

In addition, natural factors play an important role in changes in the habitat quality.
The geographical environment restricts the development of human activities in the western
region and forest ecosystems are well protected from construction by the creation of
protected areas, and the relatively high annual rainfall ensures a suitable environment for
the growth of flora and fauna, creating areas rich in species diversity. Therefore, ecological
restoration at a national scale should consider designating areas with a long history of
excellent habitat quality within the biodiversity protection red line, and strictly controlling
the human destruction of ecosystems within the ecological red line. For areas where habitat
destruction has been greater and serious fragmentation has occurred in recent years, a
combination of biological and engineering remediation measures should be used to actively
promote the restoration of natural habitats. It is important to build the protected areas
network, with protected areas as ecological sources, and important rivers where land and
sea meet as ecological corridors to maintain the stability of habitat quality. The results
of Section 3.2 of this study can be used to help optimal integration of the boundaries of
protected areas, and ensure ecological measures are taken together to optimise the ecological
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network pattern, enhance biodiversity, promote the restoration of natural ecosystems, and
create a high-quality ecological hinterland.

4.3. Effect of the Different Type of Land Use Change on the Habitat Quality

PCA was carried out using SPSS to extract eight components with a cumulative vari-
ance contribution rate of 84.414%, based on the principle that the characteristic root should
be greater than one and the cumulative variance contribution rate should reach > 80% [57].
Based on an analysis of the land use change types and eight principal components, it was
determined that the main factors that affected habitat quality changes are cultivated land
and construction land. The factors that contributed the most to the changes in the habitat
quality can be ordered as follows, from large to small: conversion of forest land to cultivated
land (0.889), aquatic environments to cultivated land (0.866), forest land to construction
land (0.742), grassland to forest land (0.734), aquatic environments to forest land (0.715),
and cultivated land to forest land (0.704). Additional data are shown in Tables S3 and S4.

Therefore, the conversion of forest land to cultivated land had the greatest effect
on the deterioration of the habitat quality. Based on Section 3.1, the area of forest land
decreased sharply around 2000, whereas the area of cultivated land rapidly increased.
This was principally due to the promulgation of the Land Management Law in 1998,
which stipulated the implementation of a compensation system for occupied farmland
and the implementation of measures to protect the balance between the occupation of, and
compensation for, occupied farmland for non-agricultural construction. Under this policy,
people receive economic benefits from land reclamation, and as a result forest land was
converted to cultivated land. Subsequently, the state implemented a policy of ‘returning
farmland to forest’ in 2002 to protect and improve the ecological environment. From 2010 to
2014, Wenzhou City enacted the Balance of Arable Land, an act that allocated an equivalent
amount and quality of arable land to the local government to supplement the amount
of arable land occupied by construction, at the municipal level [58], and cultivated land
and forest areas stabilised. Combined with the trend in habitat quality changes shown in
Figure 3, it can be concluded that the quality of prime habitat rapidly declined from 1998 to
2000. This decline slowed after 2002. After the Balance of Arable Land was enacted from
2012 to 2014, the area with a prime habitat quality remained stable. Therefore, the effect of
relevant policies on habitat quality changes has been validated by this study.

The conversion of aquatic environments to cultivated land also led to a deterioration
in habitat quality. The explosive growth of the marine economy of Wenzhou City has
led to an increase in land reclamation at many locations and aquatic environments have
gradually decreased. Therefore, changes in areas with an excellent and intermediate habitat
quality slowed down in Wenzhou City, whereas the areas of extremely poor habitat quality
continued to increase, mainly in the eastern coastal areas. The eastern coastal area, which
is the core of the economic construction and development of Wenzhou City, is mainly
characterised by plains and hills. Frequent reclamation projects and other activities have
led to the deterioration of the habitat quality in coastal areas, water pollution, and the
continuous disappearance of natural ocean shorelines and harbours. The coastal waters,
canals, plain river networks, and urban inland rivers within its boundaries are severely
polluted. The eutrophication of water bodies is significant and wetland functions are
severely threatened [59].

4.4. Comparison of the Logistic Binary Regression and GeoDetector Models

Logistic regression model analysis was carried out on the same data using SPPS. The
contribution of land use changes was the largest, but the p value was greater than 0.05. The
Exp(B) values of elevation, rainfall change, population change, and night-time light change
were the same (see Figure 7). In contrast, the contribution of NDVI change was the smallest.
An increase in the NDVI will likely mean a decrease in habitat quality deterioration, i.e.,
these two factors are negatively correlated. The Exp(B) values of multiple influencing
factors were the same as those obtained using the GeoDetector model. However, the results
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obtained using the GeoDetector model explained the influence of multiple factors in more
detail. In addition, the effect of NDVI change ranked fourth in Section 3.3, which slightly
differs from the results obtained from the regression analysis. NDVI reflects the degree of
vegetation coverage, which is the basis of the ecological environment and directly affects
the quality of the habitat. Its influence is normally greater than of rainfall, as has been
confirmed by numerous studies [29,60] The changes in habitat quality as a result of the
combined action of these two factors cannot be compared. To conclude, the GeoDetector
model is superior to the logistic binary regression model. Its operation is simpler, and
collinearity and correlations among various factors are not considered.

Exp(B)
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Figure 7. Model estimation of the influencing forces of the changes in habitat quality in Wenzhou
City.

4.5. Overall Analysis

Coastal cities are at the forefront of economic development, but they are also habitats
for many important plants and animals, including birds; land use changes have led to
large-scale losses of natural coastal wetlands [61]. Consequently, many fast-growing coastal
cities are under great ecological pressure. In this study, the annual changes in the habitat
quality from 1992 to 2015 were analysed, which reduced the lag between the actual change
and mapping time compared with analyses of the total change over a five-year period,
because the changes analysed could have occurred at any point in this period (Figure 8). For
example, the area with a medium habitat quality in Taishun County increased from 1992
to 2000. However, it first decreased and then increased during this period. The increase
occurred between 1998 and 2000; therefore, the lag time of the change is two years. Thus,
the use of a simple and efficient method to track the annual changes in habitat quality
provides time for the mitigation of the habitat degradation in rapidly developing coastal
cities of China.
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Figure 8. The specific working steps of this article.

The GeoDetector model revealed the factors that influence changes in habitat qual-
ity and then helped determine measures for changing the natural condition of coastal
areas [37]. For example, the most influential factor in the changes in habitat quality in
Wenzhou City was land use change, particularly the conversion of forest land and aquatic
environments into arable land. Consequently, improvements to ecological environment
quality in Wenzhou City should focus on increasing urban green space coverage, improv-
ing the layout of green space in urban areas, improving water resource conservation and
wetland protection, preventing reclamation of aquatic environments, protecting water
resources, reducing water pollution, reducing reclamation projects including shore zone
restoration and beach restoration, and enhancing the landscape effect and ecological service
value of water bodies.

China’s territorial spatial planning includes the evaluation of the carrying capacity of
resources and environment and the suitability of territorial spatial development, among
which the evaluation of the carrying capacity of resources and environment summarises
the characteristics of regional resource and environmental endowments and analyses their
strengths and weaknesses according to three different functional directions: ecological
protection, agricultural production, and urban construction. This research framework is
simple to operate and can be applied in areas where data collection is difficult, to analyse
regional ecological conservation by modelling habitat quality, to use habitat degradation to
illustrate the direction of town construction, and to explore the factors influencing ecological
change, providing a scientific basis for recent implementation measures in territorial spatial
planning.

In this study, due to limitations in the collection of endemic species data information,
it was not possible to validate the distribution of plants and animals against the quality of
habitats simulated by the InVEST model. In the next step of the study, species distribution
data could be used as a basis for habitat definition, and a plant ecology approach could be
used as a basis for the model, potentially reducing the subjectivity of the results. Habitat
quality changes are generally caused by multiple factors. In this study, GeoDetector models
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were used to explore the interaction between these two factors. However, the interaction
between these factors is complex and uncertainties affect the results. In this study, when
selecting climate change factors, rainfall change was chosen as an indicator due to the
availability of data, but the indicators of climate change could be further refined, e.g.,
temperature change could be added to the influencing factors, as extreme weather may
also influence the choice of sites for human activities, etc. The human factors also should
be refined, the addition of policies and government interventions should be considered,
and the mechanisms driving the multi-factor coupling should be analysed.

The intensity and interaction between the drivers of habitat quality may change in
the future according to some studies, while the main driver may remain the same in the
future [21]. This study aims to investigate the factors influencing past changes in habitat
quality and to provide scientific guidance for the implementation of next steps in the short
and medium term. Subsequent studies can forecast land use changes in the study area and
provide a scientific basis for longer-term coastal urban planning in the future.

5. Conclusions

The land use structure in coastal cities, as the pacesetters of national major develop-
ment strategies, has changed significantly and different land use structures have affected
the regional ecological environment. The INVEST model is parameterised by the use of ex-
pert knowledge, so that the framework can be extended for use in different coastal cities. In
addition, analysis of influencing factors using the GeoDetector model showed that habitat
quality in coastal cities is impacted by natural, human, and social factors. Cross-probing
between two random factors shows different degrees of enhancement. Significant inter-
actions between land use and other factors were noted in the study area. Land-use types
have an important influence on the distribution patterns of different ecosystems and, in
combination with increasingly frequent anthropogenic activities, force an accelerated rate
of land type change. This increases the ecological pressure on the surrounding towns and
accelerates changes in habitat quality. Therefore, attention should be paid to the social and
economic development of future cities, the construction of environmentally friendly land
use patterns, and targeted action measures that protect and mitigate ecological threats. This
study demonstrates that this research framework provides a simple, efficient, and low-cost
decision support tool that can provide time to mitigate habitat degradation in the rapidly
growing coastal cities of China and provide a scientific basis for ecological civilisation and
spatial ecological restoration of the country, leading to a robust and integrated approach to
land use planning and management.
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