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Abstract
With the rapid development of urbanization, the habitat quality (HQ) in urban areas has been eroded. 
This phenomenon is destroying the balance of ecosystems, triggering the reduction of biodiversity and 
the decay of ecosystem service functions. The study of the relationship between urbanization and HQ in 
Zhengzhou City is beneficial for the reference of sustainable urban ecological planning and management. 
Based on landscape classification data and socioeconomic data for three years, this study analyzes the 
spatial correlations between socioeconomic and landscape pattern factors and HQ, compares the dynamic 
changes in the explanatory power of different factors, and explores the joint effects between multiple fac-
tors. The results show that: (1) The overall value of HQ index in Zhengzhou City decreased by .10 during 
2000–2020, mainly occurring in suburban areas, with a small amount of HQ improvement occurring in 
the core areas of ecological protection, such as mountains and river channels. (2) The spatial autocorrela-
tion of all influencing factors with HQ increased during this period, while the negative impact from socio-
economic sources was stronger than the positive impact from landscape patterns. (3) Intensive human 
activities lead to a single habitat type, which reduces HQ; rich landscape types and complex landscape 
composition can enhance HQ. Improving the connectivity of blue-green landscapes helps to attenuate 
the negative effects of urbanization on HQ. (4) Changes of HQ in the study area and the development 
of multi-factor effects on HQ are driven by the Zhengzhou Metropolitan Area Plan. Urban development 
policies and management can build idyllic complexes at the edge of urban development, preserving pris-
tine blue-green patches to avoid their homogenized distribution and thus slowing the decline of HQ. The 
above results provide new ideas for the development of sustainable urban ecology.
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1. Introduction

Habitat refers to the environment in which organisms live, and habitat quality (HQ) 
measures the ability of an ecosystem to provide conditions for individuals and popula-
tions to survive and reproduce (Hall et al. 1997; Nelson et al. 2009). HQ is indicative 
of the reflection of biodiversity status. Global urbanization rates are continuing to 
grow, with urban areas already doubling in 2020 compared to 1992, and may expand 
to 180% in 2100 (Knapp et al. 2021); the rapid expansion of cities is eroding the 
natural habitats where plants and animals live. The study shows that the fragmentation 
of the landscape and the complexity of the landscape structure continue to affect HQ 
as the expansion of towns and cities is accompanied by rapid changes in the surface 
pattern (Goldstein et al. 2012; Rosenberg et al. 2019; Chang et al. 2021). Areas with 
high HQ are more likely to have towns and cities, and the range of negative impacts 
of urbanization is much greater than that of ecosystems in urban areas (Knapp et al. 
2021). Urbanization is considered to be an important cause of degradation and the loss 
of pristine habitats and thus a threat to ecosystem stability (Van Dolah et al. 2008; Mc-
donald et al. 2009; Song et al. 2020). As a basic component of the ecosystem, changes 
in the quality of habitat are important for protecting biodiversity, building ecological 
security patterns, and enhancing ecosystem service functions (Termorshuizen and Op-
dam 2009; Krauss et al. 2010). In order to maintain the balance of the regional eco-
system, to create a near-natural and diverse habitat and promote a healthy symbiotic 
relationship between human and nature, research related to HQ is one of the hotspots 
in the field of urban ecology (John et al. 2019; Lanfredi et al. 2022).

Achieving regional ecological sustainability requires exploring the mechanisms by 
which urbanization affects ecosystem structure and function. Therefore, the responsive 
relationship between urbanization and HQ has attracted the attention of many schol-
ars. The InVEST (Integrated Valuation of Ecosystem Services and Trade-offs) model is 
commonly used to quantify HQ in recent studies (Moreira et al. 2018; Wu et al. 2021); 
this model can be used to obtain the HQ index based on the ecological suitability of the 
habitat and its sensitivity to different threat sources, and to derive spatial distribution 
maps of HQ index based on the composition of multiple habitats even when complete 
species distribution data are not available (He et al. 2017). The manifestations of urbani-
zation can be divided into two forms, indirect and direct. The landscape pattern index 
is considered as an indirect representation of urbanization; it can express the changes 
in landscape patterns under the influence of human activity aggregation and land use 
change (Suo et al. 2016; Dadashpoor et al. 2019). To a certain extent, it reflects the 
impact of the urbanization process on the ecological environment. Several international 
scholars have conducted studies on the relationship between landscape pattern and HQ, 
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and uncovered regional differences in the effects of landscape pattern indices on HQ 
(Sallustio et al. 2017; Dadashpoor et al. 2019; Chang et al. 2021). However, the indica-
tive role of the landscape pattern index is limited because the causes of landscape pattern 
changes are very complex (Li et al. 2004). Socio-economic indicators are seen as a direct 
manifestation of urbanization (Zeng et al. 2022), visually reflecting the prosperity and 
expansion intensity of cities. Several studies have indicated a significant correlation be-
tween socioeconomic indices and HQ (Sun et al. 2019; Zhu et al. 2020), factors such as 
population density (POP) and Gross Domestic Product (GDP) have a negative impact 
on HQ (Bai et al. 2019), their model simulations predicted that the intensive develop-
ment of cities and towns could slow habitat degradation (He et al. 2017; Chu et al. 
2018; Li et al. 2018). Fewer studies have combined the two in a multi-temporal analysis 
and quantified the spatial correlation between socioeconomic indicators, landscape pat-
tern indices and HQ. This paper will examine this perspective.

In related studies, when analyzing the influence of multiple influencing factors on 
HQ, SPSS correlation analysis was applied to screen the influencing factors with strong 
influence on HQ (Zhu et al. 2020), combined with statistical analysis models such as the 
ordinary least squares model (OLS) and the geographically weighted regression model 
(GWR) to infer the degree of association between different influencing factors on HQ 
in geographic space and to determine the relationship between multiple variables and 
HQ (Sun et al. 2019; Wu et al. 2021). These research methods reflect the relationship 
between individual influencing factors and HQ; they cannot reflect the intensity and 
magnitude of the aggregation of correlations in space, and cannot analyze the joint ef-
fect of different influencing factors on HQ. The bivariate autocorrelation analysis with 
GeoDA software (Huang et al. 2020a; Chang et al. 2021) and the interaction detector 
with Geodetector software (Wang et al. 2022) can solve the above mentioned problems.

As China’s new first-tier city and one of the country’s major transportation hubs, 
Zhengzhou City is a typical example of urbanization development with its high popu-
lation flow and rapid urban renewal (Feng et al. 2005). Zhengzhou City is a core area 
for metropolitan development and also has a Yellow River Wetland Nature Reserve; it 
covers a wide range of landscapes including large rivers, mountains, hills, and plains. 
Because of its urban expansion rate, landscape pattern changes, and ecosystem compo-
sition, Zhengzhou City is an ideal study area for conducting research on urbanization 
and HQ change. This paper evaluated Zhengzhou’s HQ from 2000 to 2020 through 
the InVEST model based on three phases of landscape classification data. With the 
technical support of GIS10.2 software, a grid cell of 1 km × 1 km was used to resa-
mple the study area, and GeoDA software was applied to analyze the spatial correla-
tion between landscape pattern factors, socio-economic factors and HQ. Geodetector 
software was used to compare the influence of different factors on HQ and analyze 
the common effect between the influencing factors. The objectives of this study are: 
(1) to analyze the spatial and temporal evolutionary characteristics of HQ in Zheng-
zhou in multiple time series, (2) to reveal the spatial coupling relationship between 
socio-economics, landscape pattern and HQ, (3) to explore the optimization strategies 
of urban ecology in the context of urban regionalization development.
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2 Materials and methods

2.1. Study area

Zhengzhou City is the capital of Henan Province (34°16'N–34°58'N, 112°42'E–
114°14'E) and is located in the central-northern part of Henan Province. With a con-
tinental monsoon climate and four distinct seasons, it is hot and rainy in summer, but 
cold and dry in winter. The terrain is high in the west and low in the east, with plains 
and inclined plains dominating the whole territory, while the western mountainous 
areas belong to the Funiu Mountains and the rivers in the territory belong to the two 
major water systems, the Yellow River and the Huaihe River (Feng et al. 2005; Lei et 
al. 2012). Zhengzhou City is in charge of Zhongyuan District, Erqi District, Jinshui 
District, Huiji District, Shangjie District, Guanchenghuizu District, Xinzheng City, 
Dengfeng City, Xinmi City, Xingyang City, Gongyi City, Zhongmou County (Wang 
et al. 2021). In 2020, Zhengzhou’s GDP exceeded EUR 0.17 trillion for the first time, 
ranking 16th among China’s top 100 cities. According to the results of the seventh 
national census, Zhengzhou’s resident population jumped into first place in Henan 
Province, attracting 74% of the province’s new population over the last 10 years, dem-
onstrating superb economic growth and population absorption capacity. As a national 
central city and a national ecological garden city, Zhengzhou City is gradually growing 
into the core city of the Central Plains City Cluster. Location and elevation image of 
Zhengzhou City is as follow (Fig. 1).

Figure 1. Location and elevation image of Zhengzhou City.
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2.2. Data sources and pre-processing

The 30 m resolution landscape classification data for 2000, 2010 and 2020 were 
obtained from GlobleLand30 (http://www.globallandcover.com, accessed on 29 
November 2021) released by the Ministry of Natural Resources of China, using 
the multispectral images without or with few clouds in the vegetation growing sea-
son as the information source, and classifying the land use types according to land 
use attributes and natural attributes. It is divided into 10 primary land use types, 
and after data merging and clipping, a total of 6 primary land use types are covered 
in the study area, namely, arable land, forest, grassland, wetland, water, and con-
struction land, with a classification accuracy of more than 83%. The specific clas-
sification description is shown in Appendix 1. The nighttime light data come from 
the joint product developed by the GIS development and urban research team of 
the College of Geographical Sciences of East China Normal University and others 
(https://doi.org/10.7910/DVN/YGIVCD, accessed on 29 November 2021) (Chen 
et al. 2021b), using DMSP-OLS and NPP-VIIRS NTL as data sources, with the 
advantages of high spatial resolution of 500 m and long time span through cross-
sensor calibration, verified by random pixel, with good accuracy in pixel-level (R2: 
0.87) and city-level (R2: 0.95) (Chen et al. 2021a). Population data was obtained 
from worldpop’s 100 m resolution demographic data set (https://www.worldpop.
org/, accessed on 29 November 2021), the raster data were corrected by combining 
the population’s numbers from Zhengzhou City Yearbooks and census results. The 
rural settlements were obtained from the Resource and Environmental Science and 
Data Center (https://www.resdc.cn/, accessed on 29 November 2021); it is used 
as a reference to extract the data of land urbanization space. The elevation data 
was obtained from the ALOS DEM data on the official NASA website (https://
search.asf.alaska.edu/#/, accessed on 29 November 2021) with a spatial resolution 
of 12.5 m.

2.3. Methods

2.3.1. Habitat quality (HQ) evaluation

The InVEST model assesses the variability and distribution of HQ in the study area 
based on the sensitivity of different habitat types to stressors and the intensity of exter-
nal threats to them, and evaluates the biodiversity service function of ecosystem in the 
study area by the level of the HQ index (Peng et al. 2018; Sun et al. 2019); these can 
replace a large number of field surveys and facilitate the optimization of biodiversity 
conservation strategies. The calculation formula is as follows:

Q H
D

D kxj j
xj
z

xj
z z1  (1)
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where Qxj is the HQ of raster image element x in landscape type j, Hj is the habitat 
suitability, Dxj denotes the habitat threat level, k is the half-saturation constant, usually 
taken as half of the maximum value of Dxj, z is the normalization constant, usually 
taken as 2.5, R denotes the number of threat factors, y is all raster image elements of 
threat r, Yr indicates the total number of raster image elements occupied by r, ωr is the 
weight, βx is the is the legal accessibility of raster image element x, Sjr is the sensitivity 
of land cover j to threat factor r, irxy means the coercive effect of raster image element y 
on habitat raster image element x.

In landscape classification, the more primitive, complex and large continuous ecosys-
tems have higher suitability and stability, while land types with high intensity of human 
activities are more likely to threaten the surrounding habitats with strong expansiveness 
and need to be extracted as threat sources (Chang et al. 2021). Referring to the existing 
research results (Wang et al. 2020; Zhu et al. 2020; Chen and Li 2021) and the actual 
situation in the study area, the maximum impact distance, weight of threat factors, and 
the sensitivity of each type of habitat to threat factors were set as Table 1 and Table 2.

Table 1. The weight for threat factors.

Threat factor dr_max/km Weight/ωr Distance-decay function
Cropland 4 0.5 exponential
Construction Land 8 0.9 exponential

Table 2. The sensitivity of habitat types to threatening factors.

Landscape code Habitat type Habitat suitability Cropland Construction Land
10 Cropland 0.5 0 0.5
20 Forest 1 0.6 0.4
30 Grassland 0.8 0.8 0.6
50 Wetlands 1 0.4 0.9
60 Water area 0.9 0.4 0.4
80 Construction Land 0 0 0

2.3.2. Selection of impact factors

The landscape pattern indicators reflect the dynamic changes of the ecosystem under 
the influence of urbanization as indirect influence factors, and the socio-economic in-
dicators reflect the direct influence of socio-economic development on the ecosystem 
as direct influence factors. Referring to the relevant literature (Huang et al. 2020a; 
Chang et al. 2021; Zeng et al. 2022), the following indicators were selected as impact 
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factors (Table 3). In this paper, population density (POP) is selected to characterize 
the aggregation of population, night time light (NTL) to characterize the frequency of 
socio-economics, and land urbanization rate (LUR) to characterize the intensity of ur-
ban development, so that they represent the direct impact of urbanization (Chan and 
Vu 2017; Zeng et al. 2022). In the landscape pattern indices, SHDI and PD express 
the diversity of landscape patches and are used to characterize landscape types, CON-
TAG and ED express the shape and connectivity of landscape patches and are used 
to characterize landscape structure (Satir and Erdogan 2016; Zeng et al. 2022). The 
socioeconomic indicators are obtained from the corrected raster data, and landscape 
pattern indicators are calculated by Fragstats 4.0. The values of all factors are assigned 
to the grid with the help of ArcGIS’s spatial analyst. The description of the factors’ 
calculation formula is shown in Appendix 2.

Table 3. Descriptions of the impact factors.

Category Metrics Abbreviation Description
Landscape 
pattern

Edge density ED Reflects the degree of differentiation or fragmentation of 
the overall landscape patches.(Xia et al. 2021)

Contagion index CONTAG Reflects the degree of agglomeration or extension trend 
of the plaque.

Shannon’s diversity index SHDI Reflects landscape heterogeneity.(Li 2011)
Patch density PD The number of patches in unit area.

Socio-economic Population density POP The number of people per square kilometer.
Night time light NTL Reflects the activity and agglomeration of socio-

economic activities.
Land urbanization rate LUR Proportion of urban land to urban-rural construction 

land.(Gao et al. 2018)

2.3.3. Grid analysis

The application of grid analysis can describe, compare, and analyze regional geographic 
phenomena in equivalent spatial conditions. 1 km × 1 km grid scale is often applied in 
articles for studying land use change (Zhu et al. 2020; Xia et al. 2021; Wang et al. 2022), 
so this paper uses this grid scale as the basic research scale for analysis and discussion.

2.3.4. Construct the spatial weight matrix

The spatial weight matrix is constructed by GeoDA software to define the spatial re-
lationship between grids, and the queen contiguity is selected to construct the spatial 
weights with the grid number as the variable, with the following rules:

W

w w w
w w w

w w w

n

n

n n nn

11 12 1

21 22 2

1 2

 (3)
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where n denotes the number of spatial units, wij denotes the adjacency between region i 
and j. If they have a common boundary or point, the value is 1, otherwise, the value is 0.

2.3.5. Bivariate spatial autocorrelation

Bivariate spatial autocorrelation analysis can reflect the degree of association between 
two attribute values of a spatial unit (Anselin 1995); the relationship is characterized 
by the Moran’s I index, while the Moran’s I scatter plot is generated. LISA (the Local 
Indicators of Spatial Association) clustering maps can characterize the degree of cor-
relation between a unit and its neighboring units on the geographic space. There are 
generally four types of spatial patterns in the LISA clustering map: high-high (H-H), 
high-low (H-L), low-high (L-H), and low-low (L-L). The Moran’s I index and LISA 
clustering map can show the degree of spatial association of different indicators with 
HQ and the distribution of clustered areas. The calculation formula is:
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where I is the Moran’s I index; n is the number of spatial cells, xi and xj are the observed 
values of cells i and j, respectively, and wij is the spatial adjacency of cells i and j. S2 is 
the variance of the observed values. I takes values between [-1,1], and values less than 0 
indicate negative spatial correlation, greater than 0 indicate positive spatial correlation, 
where equal to 0 indicates no correlation and random distribution in space.

2.3.6. Geodetector

The Geodetector can avoid the covariate interference of multiple factors and compare 
the magnitude of the driving force or explanatory force of multiple influencing factors 
on the geospatial distribution of something based on spatial heterogeneity (Wang et 
al. 2022). The Geodetector can not only reveal the influencing factors with important 
driving forces behind HQ, but also compare the magnitude of the explanatory power 
of the factors and evaluate the co-action among them (Wang and Xu 2017). The re-
sults of the Geodetector’s analysis can be used to obtain influence factors that are more 
helpful to improve HQ and provide reference for urban planning adjustments. The 
formula is:
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where: q is the explanatory power; nk and n are the number of samples within type h 
of factor A and within the entire study area, respectively; σk

2 and σ2 are respectively 
the discrete variance within type h of factor A and within the entire study area. q 
takes values between [0,1], and larger values of q indicate greater explanatory power 
of factor A.

3. Results

3.1. Spatial distribution and dynamics of HQ

As shown in Fig. 2, the spatial pattern of HQ in Zhengzhou City changed significantly 
from 2000 to 2020. According to the values of HQ index, there are high quality 
zones (>0.75), relatively high quality zones (0.5~0.75), relatively low quality zones 
(0.25~0.5), and low quality zones (<0.25). Overall, the distribution of HQ in Zheng-
zhou City from 2000 to 2020 is “high in the northwest and low in the southeast”. In 
conjunction with the landscape classification map of Zhengzhou City (Fig. 3), the 
northwestern and northeastern parts of the study area serve as the edge of the main ur-
ban area and the nature reserves; there are rich landscape compositions with intermin-
gled agriculture and forestry, and concentrated high quality areas. The southeastern 
part of the study area is an agglomeration of arable land with lower quality zones dis-
tributed. Low quality areas are distributed in the main urban area, which is dominated 
by man-made surfaces in the central north.

From 2000 to 2020, the area of the low HQ changed greatly, increasing by 1451.68 
km2, with a percentage increase of 19.15%; the relatively low HQ zone and high HQ 
zone showed a decreasing trend, decreasing by 1401.16 km2 and 70.42 km2, with a 
percentage decrease of 18.45% and 0.92%, respectively, where the high HQ zone 
showed fluctuating changes. The relatively high HQ zone had the smallest change with 
an increase of 17.42 km2 and a percentage increase of 0.23% (Table 4).

Table 4. HQ classification and area change.

Classification Value 2000 2010 2020
Area/km2 Percentage/% Area/km2 Percentage/% Area/km2 Percentage/%

Low habitat quality <0.25 615.63 8.12 1237.70 16.32 2067.30 27.27
Relatively low 
habitat quality

0.25~0.5 6021.31 79.39 5360.43 70.68 4620.15 60.94

Relatively high 
habitat quality

0.5~0.75 52.40 0.69 54.37 0.72 69.81 0.92

High habitat quality >0.75 895.17 11.80 932.00 12.29 824.75 10.88
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Figure 2. Spatial pattern of HQ.
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Figure 3. Landscape classification map of Zhengzhou City.
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HQ changes in Zhengzhou City from 2000 to 2020 were calculated by using the 
ArcGIS software, through the natural break method the results were classified into five 
categories: significant decrease, slight decrease, no significant change, slight increase, 
and significant increase (Fig. 4). The northeastern part of the main urban area, where 
the urban construction activities are most concentrated, has significantly reduced HQ. 
The area centered on the urban to the distant suburbs with a slight decrease in HQ. The 
quality of habitats in places adjacent to natural woodlands and rivers improved slightly. 
The mountainous zone in the west and the Yellow River basin in the north have high 
HQ themselves, with little overall change and significant improvement in some areas.

Figure 4. The variation of HQ.

3.2. Spatial autocorrelation analysis of HQ and different impact factors

3.2.1. Global autocorrelation

Moran’s I indices for seven sets of bivariate variables were obtained using GeoDA soft-
ware, after 999 random permutations, all of them passed the z-test (p = 0.001), indi-
cating a significant spatial autocorrelation between the bivariate variables at the 99.9% 
confidence level.

As shown in Table 5, the Moran’s I indices of three socioeconomic indices, POP, 
NTL, and LUR, and HQ are negative, indicating negative spatial correlations; the 
Moran’s I indices of four landscape pattern indices, PD, CONTAG, SHDI, and ED, 
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and HQ are positive, indicating positive spatial correlations. Comparing the Moran’s I 
indices of each year, it can be found that the absolute values of NTL, POP, LUR, and 
PD are all higher, indicating that the spatial aggregation of NTL, POP, LUR, PD and 
HQ in the study area is strong. The Moran’s I indices of NTL, LUR, and PD showed 
an increasing trend, except POP which showed a decreasing trend. In 2020, LUR and 
NTL are strongly negative (-0.518, -0.513) impact factors, and PD is a strongly posi-
tive (0.320) impact factor.

Table 5. Moran’s I indices of HQ and impact factors.

Year ED CONTAG SHDI PD POP NTL LUR
2000 0.246 0.151 0.184 0.302 -0.347 -0.320 -0.300
2010 0.218 0.180 0.127 0.279 -0.366 -0.428 -0.439
2020 0.272 0.277 0.176 0.320 -0.324 -0.513 -0.518

3.2.2. Local autocorrelation

From Fig. 5, it can be obtained that the spatial aggregation effects of different im-
pact factors and HQ are significantly different. The landscape pattern indices mainly 
showed H-H cluster and L-L cluster, and the socio-economic factors mainly showed 
H-L outlier and L-H outlier.

Among the landscape pattern factors, the distribution and development trend of 
PD and ED are similar, the H-H cluster is mainly in the western mountainous area, 
the H-H cluster is surrounded by the H-L outlier in 2000, the H-H cluster gradually 
expands and the H-L outlier gradually decreases in 2010, and the H-H cluster has 
been distributed in a continuous pattern in the western part of Zhengzhou City in 
2020. There were also many similarities between CONTAG and SHDI. CONTAG 
and SHDI were dominated by H-L outlier in 2000, which were scattered in the study 
area, and H-H cluster appeared in the western and northeastern parts of the study 
area, and then turned out to be dominated by H-H cluster. H-H cluster of CONTAG 
developing to the southwest and H-H cluster of SHDI clustering steadily in the west, 
the H-L and L-H outlier scattered at their edges. The L-L cluster of all four landscape 
pattern indices are increasing in size with the direction of urban expansion and moving 
to the southeast.

Among the socio-economic factors, the NTL and LUR aggregation area develop-
ment is more consistent. In 2000, their L-H outlier was mainly distributed in the 
central part of the study area to the north, and in 2010, they expanded to the south, 
and in 2020, they were concentrated in the study area in a south-central direction, and 
a small number of H-H clusters appeared in the suburban areas at the edge of the city. 
The H-L outlier was distributed around the L-H outlier in 2000, gradually decreasing 
in size in 2010, then becoming concentrated in the western and northern parts of the 
study area in 2020. There is less variation in POP, with the L-H outlier mainly in the 
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central part of the study area to the north and the H-L outlier mainly in the western, 
southwestern and northern parts of the study area, with a significant decrease in the 
H-H cluster and a small expansion in the other agglomerations over the 20-year period.

Figure 5. LISA clustering map of HQ with different impact factors.
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The above shows that from 2000 to 2020 the development intensity of the landscape 
pattern factor, which is positively correlated with HQ, is lower than that of the socioeco-
nomic factor, which is negatively correlated. Besides, the influence of socioeconomic and 
landscape pattern on HQ has different development direction and magnitude in space and 
time. The west and the north are the main sites for HQ protection, while the southeast is 
the key area for urban expansion and intensive development. In the future, metropolitan 
construction requires zoning plans for the development direction of different areas.

3.3. Driving force analysis of different impact factors

According to the results of the factor detector in the Geodetector, the average deter-
ministic powers (q-value) of the seven driving factors were ranked in descending order: 
NTL > LUR > PD > POP > ED > SHDI > CONTAG.

In Fig. 6, except for POP, the explanatory power of the other six drivers is increas-
ing over the period 2000–2020. From 2000 to 2010, SHDI and ED are relatively 
stable, the explanatory power of NTL, LUR, and CONTAG is growing, with increases 
of 20.49%, 40.78%, and 38.00%, while the determining power of POP and PD is 
decreasing, with declines of 25.33% and 22.79%. From 2010 to 2020, the influence of 
all factors except POP has increased, NTL and CONTAG have increased significantly, 
45.36% and 69.55% respectively. The average determinant q values of NTL, LUR and 
PD were above 0.1 as the main drivers. The average decision force q values of POP, 
ED, and SHDI ranged from 0.05 to 0.1 for the secondary drivers. The mean q-value of 
CONTAG was below 0.05, with a small explanatory power. This suggests that NTL, 
LUR and PD have the greatest influence on HQ in the study area during 2000 to 2020.

Overall, the mutual gap between NTL and LUR is narrowing, and the growth 
trend of landscape pattern indices is similar. During the 20-year period, the determi-
nants of NTL and LUR respectively increased by 0.21 and 0.20, the determinants of 
the four landscape pattern indices increased by less than 0.05, and the determinants of 

Figure 6. Changes of q-value during 2000–2020.
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POP decreased by 0.06. The overall influence of the socio-economic factors was greater 
than the landscape pattern factors, denoting that the socio-economic factors have a 
more prominent influence on HQ.

The results of the ecological detector and interaction detector are shown in Table 6. 
By examining the differences in the effects of the seven drivers on the spatial distribution 
of HQ through the ecological detector, combined with the results of the factor detec-
tor, it can be confirmed that LUR, NTL, and PD have the greatest influence on HQ, 
and the other factors have a weaker influence. The joint effect between the seven drivers 
was detected by the interaction detector, and Table 6 shows that all drivers two-by-two 
showed a non-linearly enhanced or bi-factorially enhanced effect on the HQ distribu-
tion, indicating that the joint effect of each two drivers was stronger than the effect of the 
individual factors. The strongest joint effect is NTL ∩ PD in 2000 (0.2621), in 2010 the 
strongest is LUR ∩ PD (0.2885), and in 2020 the strongest is NTL ∩ LUR (0.4315). 
The nonlinear enhancement effect is greater than the two-factor enhancement. In 2000 
and 2010, the co-action of the five factors CONTAG, SHDI, LUR, POP, and NTL 
with other factors is basically nonlinear enhancement, and only the co-action of CON-
TAG with other factors is nonlinear enhancement in 2020, denoting that although the 
co-action has been shown to be enhanced, the enhancement effect is weakening.

Table 6. Ecodetector and interaction detector results.

Year ED CONTAG SHDI PD POP LUR NTL
2000 ED

CONTAG N†

SHDI N Y†

PD Y Y† Y
POP Y† Y† Y† N
LUR Y† Y† Y† N N
NTL Y† Y† Y† Y† Y Y

2010 ED
CONTAG N†

SHDI N Y†

PD Y Y† Y
POP Y† Y† Y† N
LUR Y† Y† Y† Y Y
NTL Y† Y† Y† Y Y N

2020 ED
CONTAG N†

SHDI N Y†

PD Y Y† Y
POP N N N N
LUR Y Y† Y Y Y
NTL Y Y Y Y Y N

† indicates that the interaction of the two factors is nonlinearly enhanced and blank indicates the interaction of the 
two factors is bilinearly enhanced (Appendix 3)(Wang and Xu 2017). Y means that the influence of the vertical column 
factor is stronger than the horizontal column factor in the ecological detector and N means that the vertical column 
factor is weaker than the horizontal column.
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In summary, the spatial and temporal distribution of HQ in Zhengzhou City is 
influenced by a combination of socioeconomic and landscape pattern factors, and the 
influence of most factors is increasing year by year, but the influence of socioeconomic 
factors is dominant.

4. Discussion

4.1. Mechanisms influencing changes in HQ distribution

4.1.1.The variation of HQ

HQ in the study area showed a distribution as “high in the northwest and low in the 
southeast”. With the expansion and construction of Zhengzhou metropolitan area, 
the urban land gradually evolved from point distribution to continuous distribution 
in patches, and the agricultural land and forest land at the edge of the city were trans-
formed into construction land. The suburban area is also the main area of reduced HQ, 
as the flat topography of the central to southeastern part of the study area facilitates the 
laying and upgrading of traffic routes (Wang et al. 2021) which accelerates the frag-
mentation of the landscape. The western mountainous areas are gradually surrounded 
by successive towns, the degree of threat to pristine habitats has increased, and frag-
mentation of marginal habitats has occurred, therefore the HQ has been reduced. HQ 
at the northern edge of the study area showed an interwoven distribution of enhanced 
and degraded areas, indicating that the Yellow River basin is highly sensitive, with low 
ecosystem stability and HQ prone to fluctuating changes. In recent years, Zhengzhou 
City has focused on ecological protection and has drawn ecological red lines, which 
have seen an improvement in HQ in natural mountains, woodlands and rivers. In the 
process of building garden city and sponge city, the ecological environment of river 
networks and urban green areas has been maintained and improved, the new blue and 
green patches have been added, and hence patches of improved HQ appear within 
the main city. This is consistent with related studies showing that rapid urbanization 
significantly affects the distribution of HQ (Haddad et al. 2015), that topographic and 
protected area constraints can inhibit the negative effects of human activities (Huang 
et al. 2020a), and that increasing landscape richness and ecosystem complexity has a 
facilitative effect on HQ (Bai et al. 2019).

4.1.2. Changes in the correlation between different indicators and HQ

The results showed that the socio-economic factors in the study area had a negative 
relationship with HQ, and the landscape pattern factors had a positive relationship 
with HQ. Besides, the deterministic power and spatial aggregation of all influencing 
factors was increasing year by year, with the strongest explanatory power of NTL, 
LUR, and PD. The NTL represents the degree of gathering of human activities, and 
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the LUR represents the urbanization ratio per unit area. The higher the NTL and 
LUR, the more intensive the human activities, the larger the artificial surface area, the 
more homogeneous the habitat type and the lower the HQ, and vice versa. PD repre-
sents the number of patches, the more blue and green patches per unit area indicates 
the proximity to the natural habitat gathering area, low urban development, high eco-
logical land preservation and good HQ, while the more impervious patches indicate 
the proximity to the main urban area, high urban development, high ecological land 
destruction and low HQ, the larger total number of patches the more complex the 
landscape composition and the higher HQ. CONTAG represents the connectivity of 
patches, and in the study area CONTAG in combination with either factors showed an 
effect of increased explanatory power, indicating that blue-green landscape connectiv-
ity has an important contribution to HQ.

In a similar study, four landscape pattern indices, including ED and SHDI, also 
showed significant positive correlations with HQ in the Beijing-Tianjin-Hebei region 
of China, although the strength of the correlations was weakening year by year (Chang 
et al. 2021). In Changchun City, the most significant negative correlation was found 
between POP and HQ (Bai et al. 2019). These denote that the coupling relationship 
between socioeconomic and HQ, landscape patterns and HQ is complex and variable 
in different regions. Vega and Küffer (Vega and Küffer 2021) found that for dense ur-
ban green infrastructure patches, connectivity is associated with a beneficial effect on 
species richness, which is an important expression of HQ and ecosystem service value, 
which, combined with this study, suggests that increasing blue-green landscape con-
nectivity is beneficial in weakening the negative effects of urbanization on ecosystems.

4.2. Policy’s driver and suggestions for urban planning

Changes in socioeconomic indicators and landscape pattern indices mainly originate 
from policy formulation and implementation, and reasonable policy planning can 
balance regional development and ecological environment protection (Le Roux et al. 
2014; Huang et al. 2020b). Ruan et al (Ruan et al. 2016) found that the ecological 
condition of Chongming Island was improved, and ecosystem services were enhanced 
under the intervention of ecological conservation policies. Waylen et al (Waylen et al. 
2019) found that in Europe the ecological enhancement of agricultural land due to 
the support of rural development programs (AES) had a positive impact on wildlife on 
farmland. Françoso et al (Françoso et al. 2015) noted that the establishment of pro-
tected areas has been effective in protecting habitats and biodiversity.

The response of HQ to urbanization in the study area also corresponds to the 
content of policy implementation during the same period. After the approval and im-
plementation of the General Land Use Plan of Zhengzhou City (1997~2010), the gov-
ernment has increased the protection of nature reserves, forest parks, wetland parks and 
water source protection areas based on the existing Songshan Mountain National For-
est Park and Yellow River Wetland, and has improved the level of watershed manage-
ment based on the Yellow River and Huaihe River water system. It has been vigorously 
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promoting the integration process of counties (cities) and districts such as Zhongmou 
County, Xingyang City, Shangjie District and Xinzheng City with the central city, 
and accelerating the development of Zhengdongxinqu (it is an independent economic 
zone) to the east (Wang et al. 2021). Therefore, from 2000 to 2010, small areas of low 
HQ were evident in Shangjie District, Xingyang City and Zhongmu County, and the 
area of high HQ areas increased in northern Zhongmu County. The H-H aggregation 
area of landscape pattern indices and HQ gradually formed a convergence pattern in 
the western and northern parts of the study area, and the H-L outlier of socioeco-
nomic indices and HQ increased in size. Later, the General Plan of Zhengzhou City 
(2010~2020), the Ecological Construction Plan of Zhengzhou National Central City 
(2016~2025), and the Spatial Plan of Zhengzhou Metropolitan Area (2018~2035) 
(The People’s Government of Zhengzhou Municipality http://www.zhengzhou.gov.
cn/) were issued one after another, the goal of regional centralized development in 
Zhengzhou City is clarified, and the spatial structure of “one core, four axes, three belts 
and multiple points” is proposed, while the integration of Zhengzhou-Kaifeng, Zheng-
zhou-Xinzheng, Zhengzhou-Jiaozuo and Zhengzhou-Xuchang is deeply integrated. 
Therefore, the low HQ areas in the study area from 2010 to 2020 are interconnected 
into pieces and expanded toward Zhongmou County on the basis of the original ones, 
and new low HQ blocks have also appeared in Xinzheng City. The high HQ of the 
northeastern part of the main city in Zhengzhou City has been internalized as large 
urban green areas, and the increased intensity of development has led to a decrease 
in HQ. Due to the effective implementation of the ecological protection plan, there 
has been an improvement in HQ in both the western mountains and the northern 
water system. The H-H cluster of landscape pattern indices and HQ basically formed 
a continuous cluster in the northwestern part of the study area, and the H-L outlier of 
socio-economic indices and HQ showed a clear trend of expansion to the southeast.

Excessive resource exploitation and economic growth will inevitably lead to an 
ecological crisis, which will in turn lead to the collapse of human society (Daly 1968; 
Qi and Wang 2016). To ensure the harmonious development of people and nature, 
from the perspective of urban planning, the adjustment of policies and plans should 
be based on ecological arguments (Peterson et al. 2005; Fisher et al. 2008). HQ, as an 
ecosystem service, can influence multiple dimensions of human well-being through its 
merits and demerits (Hattam et al. 2015). Combined with the analysis results of this 
study, it is recommended to implement diverse spatial regulation and management to 
gradually improve the quality of multiple habitats and provide help to enhance the 
integrated carrying capacity (Kiss and Kiss 2018) and sustainability of ecosystems.

(1) For habitats dominated by natural mountains, woodlands and water bodies, fo-
cus on protecting the integrity of the natural landscape and ecological stability, and eco-
logical buffer zones can be installed in bordering areas to reduce ecological sensitivity.

(2) For the main urban areas where the population gathers, the connection and 
combination of similar patches should be improved. Increasing blue-green space while 
satisfying socio-economic development, such as the combination of urban greenways 

http://www.zhengzhou.gov.cn/
http://www.zhengzhou.gov.cn/
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and commercial streets, the connection of medium and large parks, the intensive lay-
out of living space, etc., to avoid the fragmented distribution of landscape patches and 
gradually improve the quality of urban habitats.

(3) Preserving large blue-green patches at the junction of urban and rural develop-
ment. Focus on the production red line delineation and ecological protection of farm-
land, develop field complexes, and flexibly regulate the Sansheng Spaces (production, 
living and ecological space) in response to changes in landscape patterns and HQ.

(4) Actively play the role of landscape pattern indicators to promote HQ, es-
pecially to enhance blue-green landscape diversity and connectivity, and to improve 
urban habitats with diverse management measures that maintain natural succession 
combined with human intervention, thereby increasing ecosystem service functions 
and enriching biodiversity.

4.3. Limitation

Since the choice of research scale affects the development of urban planning schemes 
(Guo et al. 2012; Yue and Liu 2017), follow-up analyses at multiple grid scales can be 
conducted by applying high spatial resolution data sources to improve the accuracy of 
habitat assessment results while investigating in depth the scale effects of the relation-
ship between urbanization and HQ.

5. Conclusions

This paper assesses the change of HQ in Zhengzhou City from 2000 to 2020, analyzes 
the spatial correlation between HQ and different influencing factors, and compares the 
magnitude of the explanatory power and the strength of the joint effect of the influenc-
ing factors, finally obtaining the following conclusions:

(1) HQ in Zhengzhou City shows a spatial condition of “high in the west and 
low in the southeast”, and the overall HQ shows a decreasing trend from 2000 to 
2020. According to the evaluation results of the InVEST model, the average HQ in-
dex decreased from .51 to .41, and the low-HQ area increased by 1451.68 km2, the 
proportion increased by 19.15%, mainly from the fragmentation and disappearance of 
agricultural and forest land in peri-urban.

(2) The high value areas of HQ are stably distributed in natural habitats, such as 
western mountains, southern woodlands, and northern waters. The low value areas are 
distributed in the main urban area of Zhengzhou City, and have a tendency to spread 
to the southeast.

(3) The influence of socio-economic and landscape patterns on HQ from 2000 
to 2020 has different directions and magnitudes in space and time. The relationship 
between landscape pattern indices and HQ mainly shows H-H cluster and L-L cluster, 
the relationship between socio-economic factors and HQ mainly shows H-L outlier 
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and L-H outlier. Besides, the intensity of the influence of the landscape pattern factors 
is weaker than those of the socio-economic factors.

(4) Based on the value of the average influence, NTL (0.23), LUR (0.22), and 
PD (0.11) are the main determinants. The more intensive human activities, the larger 
the artificial surface area, the more homogeneous the habitat type, and the lower the 
HQ. The richer the landscape type, the more complex the landscape composition, and 
the higher the HQ. Analysis of the joint effects of the influencing factors revealed that 
blue-green landscape connectivity has a strong promoting effect on HQ.

This study provides a clearer picture of the differences in landscape patterns and 
socioeconomic development on HQ, and denotes that the synergistic construction of 
construction land and blue-green space driven by policies will contribute to the im-
provement of HQ, which has important implications for the planning and design of 
urban regionalization and the sustainable development of ecosystems.

(1) It is recommended that the planning of habitat is not limited to cities, and 
that a combination of natural maintenance and artificial intervention is implemented 
depending on the composition of the ecosystem type.

(2) In the ecological protection areas, the original landscape composition should 
play a role in promoting HQ, and a buffer zone should be established at the junction 
with the main urban area to reduce the risk of habitat fragmentation.

(3) At the boundary of urban sprawl development, there is a need to plan con-
struction land intensively, enrich landscape diversity, protect large blue-green patches, 
such as natural habitats, wilderness and so on, enhance the connectivity of high-quality 
patches, guarantee the ecological stability of farmland, and thus avoid habitat degrada-
tion and loss.

(4) In cities with mainly impervious surfaces, blue-green patches with richer spe-
cies diversity should ensure their integrity, avoid over-artificialization of blue-green 
spaces, and re-wild the habitats according to the habitat needs of plants and animals to 
gradually enrich the ecosystem service functions within the city.

Data availability statement

The data presented in this study are available on request from the first author.

Acknowledgments

The authors would like to thank the support of the International Joint Laboratory of 
Landscape Architecture, Henan Agricultural University, for their infinite help.

This research was funded by the National Natural Science Foundation of China 
(grant number: 31600579), Key Technology Program of Henan Province (grant number: 



Mengqi Zhao et al.  /  Nature Conservation 48: 185–212 (2022)206

162102310093), 2020 Training Program for Young Backbone Teachers in Higher Ed-
ucation Institutions in Henan Province “Impact of Multi-scale Green Space Planning 
and Design on Public Health” (grant number: 2020GGJS049), International coopera-
tion research program of Henan province (grant number: HNGD2021035), Research 
on the whole process of online and offline hybrid international joint training model for 
graduate students in Landscape Architecture (grant number: 2021SJGLX162Y), and 
International Joint Laboratory of Landscape Architecture in Henan Province.

References

Anselin L (1995) Local Indicators of Spatial Association—LISA. Geographical Analysis 27(2): 
93–115. https://doi.org/10.1111/j.1538-4632.1995.tb00338.x

Bai L, Xiu C, Feng X, Liu D (2019) Influence of urbanization on regional habitat quality: a case 
study of Changchun City. Habitat International 93: 102042. https://doi.org/10.1016/j.
habitatint.2019.102042

Chan KM, Vu TT (2017) A landscape ecological perspective of the impacts of urbanization 
on urban green spaces in the Klang Valley. Applied Geography (Sevenoaks, England) 85: 
89–100. https://doi.org/10.1016/j.apgeog.2017.06.002

Chang Y, Gao Y, Xie Z, Zhang T, Yu X (2021) Spatiotemporal evolution and spatial 
correlation of habitat quality and landscape pattern over Beijing-Tianjin-Hebei region. 
Zhongguo Huanjing Kexue 41: 848–859. https://doi.org/10.19674/j.cnki.issn1000-
6923.2021.0096

Chen H, Li X (2021) Optimization of green space habitat network of central Beijing based 
on MSPA-InVEST model. Landscape Architecture 28: 16–21. https://doi.org/10.14085/j.
fjyl.2021.02.0016.06

Chen Z, Yu B, Yang C, Zhou Y, Yao S, Qian X, Wang C, Wu B, Wu J (2021a) An extended 
time series (2000–2018) of global NPP-VIIRS-like nighttime light data from a cross-
sensor calibration. Earth System Science Data 13(3): 889–906. https://doi.org/10.5194/
essd-13-889-2021

Chen Z, Yu B, Yang C, Zhou Y, Yao S, Qian X, Wang C, Wu B, Wu J (2021b) An extended 
time-series (2000–2018) of global NPP-VIIRS-like nighttime light data. DVN/YGIVCD, 
Harvard Dataverse, V3, [preprint] 34 pp. https://doi.org/10.5194/essd-2020-201

Chu L, Zhang X, Wang T, Li Z, Cai C (2018) Sptatial-temporal evolution and predic-
tion of urban landscape pattern and habitat quality based on CA-Markov and In-
VEST model. Ying Yong Sheng Tai Xue Bao 29: 4106–4118. https://doi.org/10.13287
/j.1001-9332.201812.013

Dadashpoor H, Azizi P, Moghadasi M (2019) Land use change, urbanization, and change 
in landscape pattern in a metropolitan area. The Science of the Total Environment 655: 
707–719. https://doi.org/10.1016/j.scitotenv.2018.11.267

Daly HE (1968) On Economics as a Life Science. Journal of Political Economy 76(3): 392–
406. https://doi.org/10.1086/259412

https://doi.org/10.1111/j.1538-4632.1995.tb00338.x
https://doi.org/10.1016/j.habitatint.2019.102042
https://doi.org/10.1016/j.habitatint.2019.102042
https://doi.org/10.1016/j.apgeog.2017.06.002
https://doi.org/10.19674/j.cnki.issn1000-6923.2021.0096
https://doi.org/10.19674/j.cnki.issn1000-6923.2021.0096
https://doi.org/10.14085/j.fjyl.2021.02.0016.06
https://doi.org/10.14085/j.fjyl.2021.02.0016.06
https://doi.org/10.5194/essd-13-889-2021
https://doi.org/10.5194/essd-13-889-2021
https://doi.org/10.5194/essd-2020-201
https://doi.org/10.13287/j.1001-9332.201812.013
https://doi.org/10.13287/j.1001-9332.201812.013
https://doi.org/10.1016/j.scitotenv.2018.11.267
https://doi.org/10.1086/259412


Impacts of urbanization on habitat quality in Zhengzhou City 207

Feng D, Qiao X, Jia J (2005) On the relation between the cities’competition and cooperation 
and the amalgamation strategy in central China metropolis area. Areal Research and De-
velopment: 11–17.

Fisher B, Turner K, Zylstra M, Brouwer R, de Groot R, Farber S, Ferraro P, Green R, Hadley 
D, Harlow J, Jefferiss P, Kirkby C, Morling P, Mowatt S, Naidoo R, Paavola J, Strass-
burg B, Yu D, Balmford A (2008) Ecosystem Services and Economic Theory: Integra-
tion for Policy-Relevant Research. Ecological Applications 18(8): 2050–2067. https://doi.
org/10.1890/07-1537.1

Françoso RD, Brandão R, Nogueira CC, Salmona YB, Machado RB, Colli GR (2015) Habitat 
loss and the effectiveness of protected areas in the Cerrado Biodiversity Hotspot. Natureza 
& Conservação 13(1): 35–40. https://doi.org/10.1016/j.ncon.2015.04.001

Gao J, Bao J, Liu Y, Chen J (2018) Regional disparity and the influencing factors of land urban-
ization in China at the county level, 2000–2015. Acta Geographica Sinica 73: 2329–2344. 
https://doi.org/10.11821/dlxb201812005 

Goldstein JH, Caldarone G, Duarte TK, Ennaanay D, Hannahs N, Mendoza G, Polasky S, 
Wolny S, Daily GC (2012) Integrating ecosystem-service tradeoffs into land-use decisions. 
Proceedings of the National Academy of Sciences of the United States of America 109(19): 
7565–7570. https://doi.org/10.1073/pnas.1201040109

Guo G, Chen Y, Wei J, Wu Z, Rong X (2012) Impacts of grid sizes on urban heat island 
pattern analysis. Acta Ecologica Sinica 32(12): 3764–3772. https://doi.org/10.5846/
stxb201107181068

Haddad NM, Brudvig LA, Clobert J, Davies KF, Gonzalez A, Holt RD, Lovejoy TE, Sexton 
JO, Austin MP, Collins CD, Cook WM, Damschen EI, Ewers RM, Foster BL, Jenkins CN, 
King AJ, Laurance WF, Levey DJ, Margules CR, Melbourne BA, Nicholls AO, Orrock JL, 
Song D-X, Townshend JR (2015) Habitat fragmentation and its lasting impact on Earth’s 
ecosystems. Science Advances 1(2): e1500052. https://doi.org/10.1126/sciadv.1500052

Hall LS, Krausman PR, Morrison ML (1997) The Habitat Concept and a Plea for Standard 
Terminology. Wildlife Society Bulletin (1973–2006) 25: 173–182.

Hattam C, Böhnke-Henrichs A, Börger T, Burdon D, Hadjimichael M, Delaney A, Atkins 
JP, Garrard S, Austen MC (2015) Integrating methods for ecosystem service assessment 
and valuation: Mixed methods or mixed messages? Ecological Economics 120: 126–138. 
https://doi.org/10.1016/j.ecolecon.2015.10.011

He J, Huang J, Li C (2017) The evaluation for the impact of land use change on habitat 
quality: A joint contribution of cellular automata scenario simulation and habitat quality 
assessment model. Ecological Modelling 366: 58–67. https://doi.org/10.1016/j.ecolmo-
del.2017.10.001

Huang M, Yue W, Feng S, Zhang J (2020a) Spatial-temporal evolution of habitat quality 
and analysis of landscape patterns in Dabie Mountain area of west Anhui province based 
on InVEST model. Acta Ecologica Sinica 40: 2895–2906. https://doi.org/10.5846/
stxb201904260858

Huang J, Tang Z, Liu D, He J (2020b) Ecological response to urban development in a changing 
socio-economic and climate context: Policy implications for balancing regional development 

https://doi.org/10.1890/07-1537.1
https://doi.org/10.1890/07-1537.1
https://doi.org/10.1016/j.ncon.2015.04.001
https://doi.org/10.11821/dlxb201812005
https://doi.org/10.1073/pnas.1201040109
https://doi.org/10.5846/stxb201107181068
https://doi.org/10.5846/stxb201107181068
https://doi.org/10.1126/sciadv.1500052
https://doi.org/10.1016/j.ecolecon.2015.10.011
https://doi.org/10.1016/j.ecolmodel.2017.10.001
https://doi.org/10.1016/j.ecolmodel.2017.10.001
https://doi.org/10.5846/stxb201904260858
https://doi.org/10.5846/stxb201904260858


Mengqi Zhao et al.  /  Nature Conservation 48: 185–212 (2022)208

and habitat conservation. Land Use Policy 97: 104772. https://doi.org/10.1016/j.landuse-
pol.2020.104772

John B, Luederitz C, Lang DJ, von Wehrden H (2019) Toward Sustainable Urban Metabo-
lisms. From System Understanding to System Transformation. Ecological Economics 157: 
402–414. https://doi.org/10.1016/j.ecolecon.2018.12.007

Kiss T, Kiss VM (2018) Ecology-related resilience in urban planning – A complex approach 
for Pécs (Hungary). Ecological Economics 144: 160–170. https://doi.org/10.1016/j.
ecolecon.2017.08.004

Knapp S, Aronson MFJ, Carpenter E, Herrera-Montes A, Jung K, Kotze DJ, La Sorte FA, Lep-
czyk CA, MacGregor-Fors I, MacIvor JS, Moretti M, Nilon CH, Piana MR, Rega-Brodsky 
CC, Salisbury A, Threlfall CG, Trisos C, Williams NSG, Hahs AK (2021) A Research 
Agenda for Urban Biodiversity in the Global Extinction Crisis. Bioscience 71(3): 268–279. 
https://doi.org/10.1093/biosci/biaa141 

Krauss J, Bommarco R, Guardiola M, Heikkinen RK, Helm A, Kuussaari M, Lindborg R, Öck-
inger E, Pärtel M, Pino J, Pöyry J, Raatikainen KM, Sang A, Stefanescu C, Teder T, Zobel 
M, Steffan-Dewenter I (2010) Habitat fragmentation causes immediate and time-delayed 
biodiversity loss at different trophic levels. Ecology Letters 13(5): 597–605. https://doi.
org/10.1111/j.1461-0248.2010.01457.x

Lanfredi M, Egidi G, Bianchini L, Salvati L (2022) One size does not fit all: A tale of polycentric 
development and land degradation in Italy. Ecological Economics 192: 107256. https://
doi.org/10.1016/j.ecolecon.2021.107256

Le Roux DS, Ikin K, Lindenmayer DB, Blanchard W, Manning AD, Gibbons P (2014) 
Reduced availability of habitat structures in urban landscapes: Implications for policy and 
practice. Landscape and Urban Planning 125: 57–64. https://doi.org/10.1016/j.landurb-
plan.2014.01.015

Lei Y, Yan F, Zhang J, He D, Tian G, Sun H (2012) Landscape pattern changes of construction 
land in Zhengzhou, Henan Province. Shengtaixue Zazhi 31: 1839–1845. https://doi.org/
10.13292/j.1000-4890.2012.0301

Li H (2011) Dynamic indicators system and surrogate methodology for biodiveristy assess-
ment. PhD Thesis, Chinese Academy of Forestry, Beijing, China. https://kns.cnki.net/
kcms/detail/detail.aspx?filename=1011247211.nh&dbcode=CDFD&dbname=CDFD2
012&v=KUoty8oUL9AnJzJwsUGQ8YO8qetiv-NfGC_0c8NhwptsJ57UgYN6UpIVXP
WJxdA6 [September 12, 2021]

Li X, Bu R, Chang Y, Hu Y, Wen Q, Wang X, Xu C, Li Y, He H (2004) The response of land-
scape metrics against pattern scenarios. Acta Ecologica Sinica 24: 123–134.

Li F, Wang L, Chen Z, Clarke KC, Li M, Jiang P (2018) Extending the SLEUTH model to 
integrate habitat quality into urban growth simulation. Journal of Environmental Manage-
ment 217: 486–498. https://doi.org/10.1016/j.jenvman.2018.03.109

Mcdonald RI, Forman RTT, Kareiva P, Neugarten R, Salzer D, Fisher J (2009) Urban effects, 
distance, and protected areas in an urbanizing world. Landscape and Urban Planning 
93(1): 63–75. https://doi.org/10.1016/j.landurbplan.2009.06.002

Moreira M, Fonseca C, Vergílio M, Calado H, Gil A (2018) Spatial assessment of habitat 
conservation status in a Macaronesian island based on the InVEST model: A case study of 

https://doi.org/10.1016/j.landusepol.2020.104772
https://doi.org/10.1016/j.landusepol.2020.104772
https://doi.org/10.1016/j.ecolecon.2018.12.007
https://doi.org/10.1016/j.ecolecon.2017.08.004
https://doi.org/10.1016/j.ecolecon.2017.08.004
https://doi.org/10.1093/biosci/biaa141
https://doi.org/10.1111/j.1461-0248.2010.01457.x
https://doi.org/10.1111/j.1461-0248.2010.01457.x
https://doi.org/10.1016/j.ecolecon.2021.107256
https://doi.org/10.1016/j.ecolecon.2021.107256
https://doi.org/10.1016/j.landurbplan.2014.01.015
https://doi.org/10.1016/j.landurbplan.2014.01.015
https://doi.org/10.13292/j.1000-4890.2012.0301
https://doi.org/10.13292/j.1000-4890.2012.0301
https://kns.cnki.net/kcms/detail/detail.aspx?filename=1011247211.nh&dbcode=CDFD&dbname=CDFD2012&v=KUoty8oUL9AnJzJwsUGQ8YO8qetiv-NfGC_0c8NhwptsJ57UgYN6UpIVXPWJxdA6
https://kns.cnki.net/kcms/detail/detail.aspx?filename=1011247211.nh&dbcode=CDFD&dbname=CDFD2012&v=KUoty8oUL9AnJzJwsUGQ8YO8qetiv-NfGC_0c8NhwptsJ57UgYN6UpIVXPWJxdA6
https://kns.cnki.net/kcms/detail/detail.aspx?filename=1011247211.nh&dbcode=CDFD&dbname=CDFD2012&v=KUoty8oUL9AnJzJwsUGQ8YO8qetiv-NfGC_0c8NhwptsJ57UgYN6UpIVXPWJxdA6
https://kns.cnki.net/kcms/detail/detail.aspx?filename=1011247211.nh&dbcode=CDFD&dbname=CDFD2012&v=KUoty8oUL9AnJzJwsUGQ8YO8qetiv-NfGC_0c8NhwptsJ57UgYN6UpIVXPWJxdA6
https://doi.org/10.1016/j.jenvman.2018.03.109
https://doi.org/10.1016/j.landurbplan.2009.06.002


Impacts of urbanization on habitat quality in Zhengzhou City 209

Pico Island (Azores, Portugal). Land Use Policy 78: 637–649. https://doi.org/10.1016/j.
landusepol.2018.07.015

Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron DR, Chan KMA, Daily GC, 
Goldstein J, Kareiva PM, Lonsdorf E, Naidoo R, Ricketts TH, Shaw MR (2009) Modeling 
multiple ecosystem services, biodiversity conservation, commodity production, and trade-
offs at landscape scales. Frontiers in Ecology and the Environment 7(1): 4–11. https://doi.
org/10.1890/080023

Peng J, Pan Y, Liu Y, Zhao H, Wang Y (2018) Linking ecological degradation risk to identify 
ecological security patterns in a rapidly urbanizing landscape. Habitat International 71: 
110–124. https://doi.org/10.1016/j.habitatint.2017.11.010

Peterson MN, Peterson MJ, Peterson TR (2005) Conservation and the Myth of Consensus. Con-
servation Biology 19(3): 762–767. https://doi.org/10.1111/j.1523-1739.2005.00518.x

Qi H, Wang Z (2016) Logic and development trend of ecological economics. Zhong-
guo Renkou Ziyuan Yu Huanjing 26: 101–109. https://doi.org/10.3969/j.issn.1002-
2104.2016.07.013

Rosenberg KV, Dokter AM, Blancher PJ, Sauer JR, Smith AC, Smith PA, Stanton JC, Panjabi 
A, Helft L, Parr M, Marra PP (2019) Decline of the North American avifauna. Science 
366(6461): 120–124. https://doi.org/10.1126/science.aaw1313

Ruan J, Su J, Wang Q, Wang M (2016) Changes of urban ecological space by policy driven: A 
case study of Chongming Island. Ecological Economics 32: 155–158.

Sallustio L, De Toni A, Strollo A, Di Febbraro M, Gissi E, Casella L, Geneletti D, Munafò M, 
Vizzarri M, Marchetti M (2017) Assessing habitat quality in relation to the spatial distri-
bution of protected areas in Italy. Journal of Environmental Management 201: 129–137. 
https://doi.org/10.1016/j.jenvman.2017.06.031

Satir O, Erdogan MA (2016) Monitoring the land use/cover changes and habitat quality using 
Landsat dataset and landscape metrics under the immigration effect in subalpine eastern 
Turkey. Environmental Earth Sciences 75(15): e1118. https://doi.org/10.1007/s12665-
016-5927-4

Song S, Liu Z, He C, Lu W (2020) Evaluating the effects of urban expansion on natural habitat 
quality by coupling localized shared socioeconomic pathways and the land use scenario 
dynamics-urban model. Ecological Indicators 112: 106071. https://doi.org/10.1016/j.ec-
olind.2020.106071

Sun X, Jiang Z, Liu F, Zhang D (2019) Monitoring spatio-temporal dynamics of habitat qual-
ity in Nansihu Lake basin, eastern China, from 1980 to 2015. Ecological Indicators 102: 
716–723. https://doi.org/10.1016/j.ecolind.2019.03.041

Suo A, Wang C, Zhang M (2016) Analysis of sea use landscape pattern based on GIS: A case 
study in Huludao, China. SpringerPlus 5(1): e1587. https://doi.org/10.1186/s40064-016-
3038-z

Termorshuizen JW, Opdam P (2009) Landscape services as a bridge between landscape ecol-
ogy and sustainable development. Landscape Ecology 24(8): 1037–1052. https://doi.
org/10.1007/s10980-008-9314-8

Van Dolah RF, Riekerk GHM, Bergquist DC, Felber J, Chestnut DE, Holland AF (2008) 
Estuarine habitat quality reflects urbanization at large spatial scales in South Carolina’s 

https://doi.org/10.1016/j.landusepol.2018.07.015
https://doi.org/10.1016/j.landusepol.2018.07.015
https://doi.org/10.1890/080023
https://doi.org/10.1890/080023
https://doi.org/10.1016/j.habitatint.2017.11.010
https://doi.org/10.1111/j.1523-1739.2005.00518.x
https://doi.org/10.3969/j.issn.1002-2104.2016.07.013
https://doi.org/10.3969/j.issn.1002-2104.2016.07.013
https://doi.org/10.1126/science.aaw1313
https://doi.org/10.1016/j.jenvman.2017.06.031
https://doi.org/10.1007/s12665-016-5927-4
https://doi.org/10.1007/s12665-016-5927-4
https://doi.org/10.1016/j.ecolind.2020.106071
https://doi.org/10.1016/j.ecolind.2020.106071
https://doi.org/10.1016/j.ecolind.2019.03.041
https://doi.org/10.1186/s40064-016-3038-z
https://doi.org/10.1186/s40064-016-3038-z
https://doi.org/10.1007/s10980-008-9314-8
https://doi.org/10.1007/s10980-008-9314-8


Mengqi Zhao et al.  /  Nature Conservation 48: 185–212 (2022)210

coastal zone. The Science of the Total Environment 390(1): 142–154. https://doi.
org/10.1016/j.scitotenv.2007.09.036

Vega KA, Küffer C (2021) Promoting wildflower biodiversity in dense and green cities: The im-
portant role of small vegetation patches. Urban Forestry & Urban Greening 62: 127165. 
https://doi.org/10.1016/j.ufug.2021.127165

Wang J, Xu C (2017) Geodetector: Principle and prospective. Acta Geographica Sinica 72: 
116–134. https://doi.org/10.11821/dlxb201701010

Wang L, Feng X, Chang Q, Liu H, Wang J (2020) Pattern construction of habitat network 
for urban green space based on the compound model of InVEST and MCR. Zhongguo 
Yuanlin 36: 113–118. https://doi.org/10.19775/j.cla.2020.06.0113

Wang Y, Zhang S, Zhang Y, Zheng L, Zhao X, Tao Y, Tian G (2021) Spatiotemporal re-
sponses of the fragmentation of green space to the human activity intensity in Zheng-
zhou City. Xibei Linxueyuan Xuebao 36: 231–239. https://doi.org/10.3969/j.issn.1001-
7461.2021.02.34

Wang R, Pan H, Liu Y, Tang Y, Zhang Z, Ma H (2022) Evolution and driving force of ecosys-
tem service value based on dynamic equivalent in Leshan City. Acta Geographica Sinica 
42: 76–90. https://doi.org/10.5846/stxb202012013075

Waylen KA, Blackstock KL, van Hulst FJ, Damian C, Horváth F, Johnson RK, Kanka R, Kül-
vik M, Macleod CJA, Meissner K, Oprina-Pavelescu MM, Pino J, Primmer E, Rîșnoveanu 
G, Šatalová B, Silander J, Špulerová J, Suškevičs M, Van Uytvanck J (2019) Policy-driven 
monitoring and evaluation: Does it support adaptive management of socio-ecological sys-
tems? The Science of the Total Environment 662: 373–384. https://doi.org/10.1016/j.
scitotenv.2018.12.462

Wu J, Li X, Luo Y, Zhang D (2021) Spatiotemporal effects of urban sprawl on habitat quality 
in the Pearl River Delta from 1990 to 2018. Scientific Reports 11(1): e13981. https://doi.
org/10.1038/s41598-021-92916-3

Xia H, Ge S, Zhang X, Kim G, Lei Y, Liu Y (2021) Spatiotemporal Dynamics of Green Infra-
structure in an Agricultural Peri-Urban Area: A Case Study of Baisha District in Zheng-
zhou, China. Land (Basel) 10(8): e801. https://doi.org/10.3390/land10080801

Yue B, Liu Z (2017) From ecological scale to spatial scale—Application of scale effect in land-
scape architecture planning and design. Zhongguo Yuanlin 33: 77–81.

Zeng C, Li Y, Duan X, Xu Y (2022) Assessment and driving force analysis of ecosystem ser-
vice value in the urban agglomeration along the middle reaches of the Yangtze River. Re-
search of Soil and Water Conservation 29: 362–371. https://doi.org/10.13869/j.cnki.
rswc.2022.02.022

Zhu C, Zhang X, Zhou M, He S, Gan M, Yang L, Wang K (2020) Impacts of urbanization and 
landscape pattern on habitat quality using OLS and GWR models in Hangzhou, China. 
Ecological Indicators 117: 106654. https://doi.org/10.1016/j.ecolind.2020.106654

https://doi.org/10.1016/j.scitotenv.2007.09.036
https://doi.org/10.1016/j.scitotenv.2007.09.036
https://doi.org/10.1016/j.ufug.2021.127165
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.19775/j.cla.2020.06.0113
https://doi.org/10.3969/j.issn.1001-7461.2021.02.34
https://doi.org/10.3969/j.issn.1001-7461.2021.02.34
https://doi.org/10.5846/stxb202012013075
https://doi.org/10.1016/j.scitotenv.2018.12.462
https://doi.org/10.1016/j.scitotenv.2018.12.462
https://doi.org/10.1038/s41598-021-92916-3
https://doi.org/10.1038/s41598-021-92916-3
https://doi.org/10.3390/land10080801
https://doi.org/10.13869/j.cnki.rswc.2022.02.022
https://doi.org/10.13869/j.cnki.rswc.2022.02.022
https://doi.org/10.1016/j.ecolind.2020.106654


Impacts of urbanization on habitat quality in Zhengzhou City 211

Appendix 1

Table A1. Description of landscape classification in Zhengzhou City.

Code Classification Description
10 Cropland Land used for growing crops, including paddy fields, irrigated dry land, rain-fed dry land, 

vegetable land, pasture land, greenhouse land, land with fruit trees and other economic trees 
between mainly planted crops, as well as tea plantations, coffee plantations and other shrubs 
for cash crops.

20 Forest Land covered by trees with more than 30% canopy cover, including deciduous broadleaf 
forest, evergreen broadleaf forest, deciduous coniferous forest, evergreen coniferous forest, 
mixed forest, and open forest land with a canopy cover of 10–30%.

30 Grassland Land covered by natural herbaceous vegetation with a cover greater than 10%, including 
grasslands, meadows, savannas, desert grasslands, and urban artificial grasslands, etc.

50 Wetlands Land located in the border zone between land and water, with shallow standing water or 
excessively wet soil, mostly with boggy or wet plants growing. Includes inland bogs, lake bogs, 
river floodplain wetlands, forest/shrub wetlands, peat bogs, mangroves, salt marshes, etc.

60 Water area The area covered by liquid water in the land area, including rivers, lakes, reservoirs, ponds, etc.
80 Construction 

land
The surface formed by artificial construction activities, including towns and other types of 
residential land, industrial and mining, transportation facilities, etc., excluding continuous 
green areas and water bodies within the construction site.

Table A2. Calculation formula of impact factors.

Abbreviation Metrics Calculation formula Notes
ED Edge 

density ED E
A

�
 

E is the total edge length 
of the patches within the 
landscape; A is the total 
area of the landscape. 
Pi is the percentage 
of area occupied by 
type i patches; gik is 
the number of type 
i patches and type k 
patches adjacent to each 
other; m is the total 
number of landscape 
patch types. NP is the 
number of patches.

CONTAG Contagion 
index

CONTAG

P g

g
i

ik

ik
k

m
k

m

i

m

1
1

11

( ) lln( )

ln( )

P g

g

m

i
ik

ik
k

m

1

2  

SHDI Shannon’s 
diversity 

index
SHDI P Pj

i

m

j( )(log )
1

2

 
PD Patch 

density PD NP
A

�
 

POP Population 
density POP r

S
�

 

r is the population size; 
S is the area.

LUR Land 
urbanization 

rate
LUR ul il tl

ul il tl rl  

ul is the scale of urban 
land use; il is the scale 
of industrial and mining 
land use; tl is the scale of 
transportation land use; 
rl is the scale of rural 
settlement land use.
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Appendix 3

Supplementary material 1

Notes on the data
Authors: Mengqi Zhao
Data type: pdf. file
Explanation note: This file contains link to download the datas used in the paper and 

the description of the datas.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/natureconservation.48.85179.suppl1

Table A3. The interactive types of two factors and the description.

Interactive Types Description
q (x1 ∩ x2) > q (x1) + q (x2) Nonlinearly enhanced
q (x1 ∩ x2) = q (x1) + q (x2) Independent

q (x1 ∩ x2) > Max (q (x1),q (x2)) Bilinearly enhanced
Min (q (x1),q (x2)) < q (x1 ∩ x2) < Max (q (x1),q (x2)) Unique nonlinearly weakened

q (x1 ∩ x2) < Min (q (x1),q (x2)) Nonlinearly weakened

http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/natureconservation.48.85179.suppl1
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