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Abstract: The degradation of the eco-environment has been a challenge for sustainability in resource-based cities 

around the world. Although much attention has been drawn to this issue, few insights have been acquired regarding 

the spatial differentiation and mechanism of the factors influencing habitat quality in resource-based cities from the 

perspective of the interactions of natural and human factors. Using Tangshan City as a case study, this paper 

evaluates habitat quality by integrating Ecosystem Service Value Assessment and the InVEST-HQ model, identifies 

the spatial distribution of Tangshan’s habitat quality with spatial auto-correlation, and explores the influencing fac-

tors and their mechanism of influence on the spatial differentiation with the geographical detector model and Space 

production theory. The results show that: (1) The total value of the habitat quality in Tangshan City in 2019 was 

3.45×10
10

 yuan, and the habitat quality value was 24435.05 yuan ha
‒1

. The habitat quality value presents a clus-

tered distribution pattern of “hot in the north and the south, cold from the center to the west”. (2) On the county scale, 

Qianxi County had the best habitat quality and Lubei District had the worst habitat quality; Shangying Township had 

the highest average habitat quality and Kaiping Street had the lowest average habitat quality in the township unit. (3) 

The results of geographical detectors show that natural environmental conditions are the important basic factors 

affecting the spatial differentiation of habitat quality in Tangshan City, while urbanization and industrialization factors 

are the most important external forces driving the spatial differentiation of habitat quality. The contributions of av-

erage elevation, average slope, raw material industrial density, and population density to the spatial differentiation 

of habitat quality are all above 0.40. The interactions of any two factors on habitat quality are enhanced. Areas with 

concentrated populations, rich industrial resources, and convenient transportation become low-value habitat quality 

areas; while areas with beautiful landscape patterns, abundant precipitation, and a comfortable climate become 

high-value habitat quality areas. Space production theory can be used to explain the mechanism of the formation of 

the spatial differentiation of habitat quality. 

Key words: habitat quality; spatial differentiation pattern; mechanism of influence; geographical detector;  

resource-based city 

1  Introduction 

Resource-based cities are an essential part of the world ur-

ban system, making significant contributions to social and 

economic development (He et al., 2017b). However, the ex- 

ploitation and primary processing of natural resources has 

inevitably resulted in the direct or indirect destruction of 

biodiversity and the decline of ecosystem services in re-

source-based cities (Foley et al., 2005; Hooper et al., 2005;  
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Falcucci et al., 2007), such as vegetation degradation, land 

desertification (Sallustio et al., 2017), sharp reductions in 

the areas of farmland and arable land, and environmental 

pollution (He et al., 2017b). Studies have shown that the 

quality of ecosystem services and functions determines the 

sustainable and harmonious development of humans, nature 

and other populations (Johnson, 2007; Sallustio et al., 2017; 

Zhai et al., 2020). Therefore, the quantitative evaluation of 

ecological functions and the study of their impact mecha-

nisms have become key parts of building a regional ecolog-

ical space security pattern and realizing the sustainable de-

velopment of resource-based cities (Liu et al., 2018; Bai et 

al., 2020; Tang et al. al., 2021; Yi et al., 2021). Many efforts 

and studies have been carried out to increase the ecological 

resilience in resource-based cities by various governments 

(Li et al., 2013; Ruan et al., 2020) and researchers (Liu et al., 

2020; Wu et al., 2020a). Most existing studies have ana-

lyzed the spatial differentiation of ecological functions of 

resource-based cities in China from the perspectives of ur-

banization (Wan et al., 2015; Wu et al., 2020b; Zeng et al., 

2020) and industrialization (Chang et al., 2009; Yan et al., 

2019) respectively. Thus far, few studies have conducted 

in-depth analyses of how the interactions of natural factors 

and human factors (urbanization and industrialization) affect 

the habitat quality of resource-based cities.   

Habitat quality refers to the ecological environment’s 

ability to provide appropriate resources and conditions for 

living organisms to inhabit the environment, survive, and 

reproduce (Zhang et al., 2020b). The habitat quality value 

can characterize the supply level of ecosystem services and 

biodiversity in a specific area (Romero-Calcerrada and 

Luque, 2006). Early studies on habitat were mainly carried 

out by biologists who focused on evaluating habitat quality 

for specific wild species or communities, and they tended to 

conduct field inspections and establish a habitat evaluation 

index system to assess habitat quality (Kempton, 1979; 

Vanhorne, 1983). With the rapid development of global cli-

mate change and urbanization, the importance of habitat has 

been widely recognized, and habitat quality has become a 

hot topic among various multi-disciplinary fields. Current 

research hotspots in habitat quality focus on two perspec-

tives. One is quantifying habitat quality and identifying pri-

ority areas for conservation (Sallustio et al., 2017). For ex-

ample, Costanza et al. (1997) quantified the ability of differ-

ent habitats to provide human society with conditions for sur-

vival and development as ecosystem service values; and many 

ecological models that combine remote sensing image data 

and GIS technology are gradually emerging (Terrado et al., 

2016; Moreira et al., 2018; He and Xie, 2019). The InVEST 

model is one of the most popular model tools that can quanti-

tatively evaluate and predict regional habitat quality and its 

temporal and spatial changes (Liu et al., 2019; Sun et al., 

2019).  

The second research hotspot is the discussion and quanti-

fication of the factors which affect the habitat quality. 

Changes in land use and landscape patterns caused by hu-

man activities are prominent in influencing habitat quality 

(Jorgensen et al., 2009; Han et al., 2019). Among them, the 

impact of urbanization on habitat quality has been widely 

discussed in recent years (He et al., 2017a; Han et al., 2019; 

Sun et al., 2019; Wang et al., 2020). For example, Bai et al. 

(2020) found that high population density (POP), gross do-

mestic production (GDP), and nighttime lighting (NTL) are 

negatively correlated with habitat quality in Changchun city. 

Forman et al. (2000) examined the relationship between 

road construction and habitat quality. Zhang et al. (2020a) 

further verified that road grade, road length, operation dura-

tion, and traffic volume are the factors with the strongest 

influence on habitat quality in China’s northwest. However, 

research on the quality of urban habitat as impacted by in-

dustrialization factors is relatively scarce (Zhai et al., 2020). 

In terms of quantitative analysis methods for factors affect-

ing habitat quality, many studies (including those above) use 

the OLS model and the GWR model (Bai et al., 2019a; Dai 

et al., 2019; Zhu et al., 2020). By comparing these two 

models, research has shown that the explanatory power of 

the GWR model is more significant than the OLS, and the 

GWR model can reveal the spatial differences of the influ-

ential factors (Bai et al., 2019; Zhu et al., 2020). However, 

the two models only involve linear interpolations, which 

rarely explore the impacts on habitat quality of interactions 

among the influential factors. Geographic detectors can de-

tect spatial differentiation and quantitatively examine the 

interaction effects without any assumptions or restrictions 

on the explanatory and response variables, so they have 

been gradually applied to investigations of the impacts of 

interactions among natural and socioeconomic factors on 

the environment and ecology (Bai et al., 2019b; Liu et al., 

2021a). Still, they have rarely been applied in the study of 

urban habitat quality. 

Hence, we attempt to fill the above-mentioned gaps in 

our study. Taking Tangshan, a typical resource-based city in 

China, as an example, this paper aims to: 1) Assess Tang-

shan’s habitat quality; 2) Identify and map the habitat quali-

ty hot spots and cold spots; and 3) Detect the impacts of 

natural, urbanization and industrialization factors on habitat 

quality in Tangshan City, with an emphasis on the factor of 

industrialization layout. We first integrate the ecosystem 

service value evaluation model based on land patches and 

the InVEST model based on human threats to evaluate the 

habitat quality, then we identify the spatial distribution of 

Tangshan’s habitat quality with the spatial auto-correlation 

method. Finally, we explore the influencing factors and 

mechanism of their influence on the spatial differentiation 

with the geographical detector model and space production 

theory. This study provides a practical way to quantify the 

ecological effect and evaluate the industrialization impacts 

in resource-based cities, and it provides theoretical support 

for ecological environmental protection, industrial trans-

formation and upgrading, and the sustainable development 

of resource-based cities in China and other developing 
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countries. 

2  Methods 

2.1  Study area 

Tangshan City (117°31–119°19E, 38°55–40°28N) is lo-

cated in the eastern part of Hebei Province, in the center of 

Bohai Bay, with a total area of 13472 km2, and includes 

three county-level cities, four counties, seven districts and  

four development zones (Fig. 1). The northern mountainous 

region is rich in wood and fruits, the central plain is famous 

as the Jidong Granary, and the southern coast is replete with 

large salt production bases and high-tech industrial parks. 

Tangshan has a solid industrial foundation, being known as 

the “cradle of modern industry” in China. Tangshan City is a 

city built on coal and thriving on steel, and it has formed 

related pillar industries such as iron and steel, energy, build-

ing materials, chemicals, machinery, and ceramics. It is one of 

the important energy and raw material bases in China. 

 

Fig. 1  Location and subdivisions of Tangshan City  

 

2.2  Data sources 

In this paper, the Tangshan remote sensing image for 2019 

was obtained from the Landsat-8 image, with a spatial reso-

lution of 30 m, provided by the USGS (https://www. 

usgs.gov/). The DEM data were retrieved from the ASTER 

GDEM V3 data released by NASA Set (https://www. 

nasa.gov/), with a resolution of 30 m. Tangshan City’s ad-

ministrative division vector data were from the geographic 

and national conditions monitoring cloud platform (http:// 

www.dsac.cn/). The latest traffic road network data in 

Tangshan were obtained from the Open Street Map website 

(https://www.openstreetmap.org/). The Tangshan City and 

surrounding meteorological stations’ monthly precipitation 

data for 2019 were obtained from the China Meteorological 

Data Network (http://data.cma.cn/). The planting area, out-

put and prices of main food crops were quoted from “Tang-

shan Statistical Yearbook” and “China Agricultural Product 

Price Survey Yearbook”. The POI point data of Tangshan’s 

raw material industrial (metallurgy, electric power, coal, 

building materials), extractive industry, and construction 

industry companies for 2019 were obtained from the Gaode 

map (https://ditu.amap.com/). 

Referring to “Classification of Land Use Status” (GB/T 

21010–2017) and “National Remote Sensing Monitoring 

Land Use/Cover Classification System”, and according to 

the characteristics and research needs of land resources in 

Tangshan, the object-oriented classification method in ENVI 

software was used to divide the land use types in the study 

area into six categories, namely forest land (forestland, other 

woodlands), grassland, cultivated land, construction land 

(residential land, industrial and mining land, transportation 

land), water area (river, lake, reservoir, coastal beach, salt 

pan, wetland), and unused land. According to “Tangshan 

City Land Use Planning Map (2006–2020)”, Google earth 

and sky map images, the classification results were visually 

calibrated in ArcGIS, and the land use status classification 

map of Tangshan City for 2019 was obtained. The first-level 

classification accuracy was over 90%, meeting our research 

needs. Based on the monthly precipitation data of Tangshan 

City and surrounding meteorological stations, we performed 

raster interpolation in ArcGIS to obtain the precipitation 

distribution map of Tangshan City for 2019. In this paper, 

the regional GDP value is compared with the regional area 

to obtain the GDP value per unit area. The number of re-

gional industrial enterprises, the number of extractive in-

dustry enterprises, the number of construction enterprises, 

and the length of the transportation network are compared 
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with the regional area to obtain raw material industrial den-

sity, extractive industry density, construction industry den-

sity and traffic road network density data, respectively. 

2.3  Habitat quality evaluation model 

According to the summary of the habitat quality assessment 

method proposed by Wu et al. (2017), and based on the 

evaluation of the habitat service value of the land patch, this 

paper uses the habitat quality level under the artificial stress 

situation to modify it, and constructs the habitat quality 

evaluation model of Tangshan City. The integrated assess-

ment model is calculated as follows: 

                  1 2xQ Q Q                   (1) 

where Qx is the evaluation result of the habitat quality of 

pixel x; Q1 is the habitat service value of pixel x based on 

land patches, Q2 is the habitat quality level of pixel x based 

on artificial stress, and its value is a constant in the range of 

[0, 1]. 

2.3.1  Evaluation of habitat service value based on land 

patches 

To a certain extent, the value of ecosystem services reflects 

the capabilities that a habitat provides to living organisms, 

thus quantifying the regional habitats’ quality. The Q1 based 

on land patches in this study refers to the ecosystem service 

value after correction for vegetation coverage. This study 

preliminarily quantifies the ecosystem service value per unit 

area by correcting Xie et al.’s equivalence factor table by 

considering the main food crops in Tangshan City (2008). 

By consulting the “Tangshan Statistical Yearbook” and 

“China Agricultural Product Price Survey Yearbook”, this 

study takes 1967.92 yuan ha–1 as 1 equivalent factor. Then, 

considering that vegetation coverage has a strong positive 

correlation with the regional ecosystem services value (Sun 

et al., 2019), vegetation coverage is selected to modify the 

ecological coefficient of the study area’s ecosystem service 

value (but only for habitats with vegetation coverage). 

2.3.2  Evaluation of habitat quality level based on artificial 

stress 

Human activities directly affect land use status in a region, 

and the increasing intensity of land use threatens the eco-

system’s ability to provide survival and development for 

various species. Based on artificial threat factors and land 

cover types, the habitat quality module in the InVEST mod-

el comprehensively considers the protection degree of the 

habitat, the effective impact distances of the threat sources, 

the sensitivity of the habitat to threat factors, and the dis-

tances between the habitat and each threat source. This pa-

per uses the InVEST model to quantify the habitat quality 

level of Tangshan City based on artificial stress. In the hab-

itat quality module of the InVEST model, the Q2 calculation 

formula is given in Equations (2) and (3). The larger the 

value of Q2, the better the habitat quality level. 

         2 1=
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           (3) 

In the formulas, Hj is the habitat suitability of the habitat 

type j; Dxj is the total threat level of the grid unit x in the 

habitat type j; z and k are the scale constants, z = 2.5, k is 

half of the maximum value of Dxj; R represents the total 

number of threat sources; Yr is the total number of grid cells 

of threat source r; wr is the normalized weight of threat 

source r; ry is the threat source r in the grid cell y; βx repre-

sents the legal protection level of grid cell x; Sjr represents 

the sensitivity of habitat type j to threat source r; and irxy 

represents the threat value of threat source r in grid y to grid 

x. For irxy the calculation formulas are: 
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   (5) 

In the formulas, dxy represents the linear distance between 

the grid units x and y; and drmax represents the maximum 

threat distance of the threat source r. With reference to the 

InVEST model guidelines and existing research results 

(Arkema et al., 2019; Bai et al., 2020), combined with the 

actual ecological status of the study area, we determined the 

suitability of each habitat in Tangshan City, each threat 

source and its weight and maximum distance of influence, 

and the sensitivity of each habitat to each of the threat 

sources. 

2.4  Spatial autocorrelation and analysis of cold and 

hot spots 

The spatial autocorrelation index can be used to describe 

whether a geographical phenomenon has regularity of the 

spatial distribution in a specific unit. This paper uses the 

global spatial autocorrelation index, Global Moran’s I, to 

test whether the habitat quality has spatial aggregation in 

Tangshan. The value range of Global Moran’s I is [–1, 1]. 

The closer the absolute value is to 1, the higher the correla-

tion. A positive value indicates that it has a clustering effect 

in space, a negative value indicates that it has a divergent 

effect in space, and a value equal to 0 indicates a random 

distribution. The Getis-Ord G* index can accurately detect 

the clustering distribution characteristics of spatial variables 

in a local area (Getis and Ord, 1992). This index is used 

here to identify whether there are significant clusters of high 

and low values in the spatial distribution of habitat quality 

in the study area. When the G* value is significantly posi-
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tive, the habitat quality clustering is at a high value, which 

indicates a hot spot area; when the G* value is significantly 

negative, the habitat quality clustering is at a low value, 

which indicates a cold spot area. We regard the areas where 

the G* value is significant at the 99% confidence level as 

the hot and cold spots, and the areas where the G* value is 

significant at the 95% confidence level as secondary hot 

spots and secondary cold spots. 

2.5  Quantitative detection of factors affecting  

habitat quality 

The geographical detector model is a statistical tool for de-

tecting spatial differentiation and revealing its driving forces 

(Wang and Xu, 2017). In the factor detector, the power of 

determinants for the habitat quality can be expressed by the 

q-statistic as follows: 

  2

2
=1

1
1

m

h h

h

q N
N




    (6) 

where h (1, …, m) is the number of subregions of factor X; 

N and Nh represent the total number of spatial units (in this 

study, towns) over the entire study area and the subregion h, 

respectively; and 2  and 2
h  denote the total variance 

and variance of samples in subregion h, respectively. The 

q-statistic of the geographic detector will be normalized to 

values between 0 and 1. The larger the q-value, the stronger 

the explanatory power of the independent variable to the 

dependent variable. By comparing the interaction q-value of 

the paired influential factors and the q-values of each of the 

two factors, Wang and Xu (2017) summarized five catego-

ries of the potential interactions. 

This paper uses the factor detectors in the geographic de-

tectors to quantitatively detect the factors that affect the spa-

tial differentiation of the habitat quality in the study area, 

and to obtain the explanatory power of each influencing 

factor of the habitat quality. We also use the interaction de-

tector to identify whether the natural, urbanization and in-

dustrialization factors have an interaction effect on the hab-

itat quality and, if so, the type of interaction. 

3  Results 

3.1  The spatial differentiation pattern of habitat 

quality 

The total value of Tangshan’s habitat quality in 2019 is 

3.45×1010 yuan, and the average value per unit area is 

24435.05 yuan ha–1. We calculated the total value and aver-

age value per hectare of habitat quality at the county level. 

Qianxi County in the north of Tangshan City has high forest 

coverage, and the highest total and average habitat quality 

values among the 14 counties (districts), reaching 1.07×1010 

yuan and 73794.702 yuan ha–1, respectively. As the political 

and economic center of Tangshan City, Lubei District has 

the lowest total and average values of habitat quality. The 

habitat quality of Tangshan City presents a significant over-

all spatial situation of high in the north and south, and low 

in the middle and west (Fig. 2). 

 

 
 

Fig. 2  Spatial distribution map and county levels of habitat quality values in Tangshan City 

 

We calculated the total value and average value (per ha) 

of the habitat quality for the 231 township administrative 

regions in Tangshan City, and divided them into five levels: 

higher, high, medium, low, and lower (Fig. 3). The top five 

townships with the highest total values of habitat quality are 

Hanerzhuang Township, Shangying Township, Luanyang 

Town, Xingcheng Town, and Xiaochang Township. The top 

four townships are all located in Qianxi County, a 

high-value habitat area (Fig. 3a). The five lowest towns are 

Kaiping Street, Doudian Street, Huaminglu Street, 

Jinggezhuang Street, and Youyi Street, all of which are rela-

tively small towns (Fig. 3a). The high-quality areas with 

respect to the average habitat quality of each township are 

mostly concentrated in the northern part of the study area. 
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The top five highest average habitat quality towns are 

Shangying Town, Hanerzhuang Town, Donglianhuayuan 

Town, Houjiazhai Town, Xiaochang Town. In comparison, 

the five lowest average habitat quality towns are Kaiping 

Street, Xiaoshan Street, Guangming Street, Doudian Street, 

and Dali Street (Fig. 3b). 

 

 
 

 
Fig. 3  (a) Spatial distribution of total habitat quality in each township in Tangshan City; (b) Spatial distribution of average hab-

itat quality in each township in Tangshan City. 

 
The total value of habitat quality and the mean Global 

Moran’s I value of Tangshan City in 2019 are 0.475 (P < 

0.01) and 0.570 (P < 0.01), respectively, indicating that the 

distribution of habitat quality in Tangshan City has a signif-

icant positive correlation, that is, clustering in space. The 

habitat quality total value at the town level presents a spa-

tially clustered distribution pattern of “hot from the north to 

the south, cold from the center to the west” (Fig. 4a). The 

hot spots are mainly located in the north and south of the 

study area, including Hanerzhuang Town, Luanyang Town, 

Shangying Town, Nanpu Town, and others. The northern 

hotspot area has excellent forest coverage, and the southern 

hotspot area has a large number of coastal beaches and wet-

lands, mostly located in the ecological environmental safety 

control zone of Tangshan City, and the habitat quality values 

of these two areas are generally high. The cold spot areas 

are scattered throughout the industrial and commercial ur-

ban areas of Tangshan City, mainly in Guoyuan Town, 

Hancheng Town, Fengrun Town and other towns. The land 

coverage in cold spot areas is mainly residential, industrial 

and mining, and other construction lands, so the habitat 

quality value is universally low. The average value of the 

habitat quality in Tangshan City is mainly concentrated in 

the northern part of the study area except for the hot spots 

(Fig. 4b), and the distribution of the remaining cold spots is 

roughly the same as the total value distribution. 

3.2  Statistics of the spatial distribution of habitat 

quality based on industrialization 

Based on Liu’s (2009) research results on resource-based 

city functional classification in China, this study selects the 

three major resource industries (raw material industry, ex-

tractive industry, and construction industry) to deeply ex-

plore the internal relationship between resource-based in-

dustry layout and habitat quality. We use the “Silverman 

rule of thumb” to calculate the search radius and set the 

output pixel size to 30 m. This generates a Tangshan kernel 

density distribution map of 2957 raw material industrial 

enterprises (Fig. 5a), 142 extractive enterprises (Fig. 5b), 

and 1103 construction enterprises (Fig. 5c). 

This paper classifies the kernel densities of raw material 

industry, extractive industries, and construction industries 

from small to large into I–V levels, and then calculates the 

corresponding areas and proportions of the average levels of 

township habitat quality in Tangshan City within the kernel 

density level of each resource industry. The statistical results 

are shown in Tables 1–3. The statistical results show that each 

resource industry’s kernel density is inversely proportional to 

the average value of the pixel habitat quality, which means 

that the higher the industrial nuclear density, the lower the 

habitat quality value. In the two intervals with a raw materi-

al industrial kernel density greater than 0.402, the propor- 
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Fig. 4  (a) LISA cluster map of total habitat quality in Tangshan City; (b) LISA cluster map of average habitat quality in  

Tangshan City. 

 

 
 

Fig. 5  (a) Analysis of kernel density of Tangshan’s raw material industry layout; (b) Analysis of kernel density of Tangshan’s 

extractive industry layout; (c) Analysis of kernel density of Tangshan’s construction industry layout. 

 
tion of habitat quality levels at medium and above is 0, re-

flecting the significant negative spatial correlation between 

the distribution intensity of raw material industries and re-

gional habitat quality. In the two high-value ranges where 

the construction industry’s kernel density is greater than 

0.743, the habitat quality is all concentrated in the low and 

lower grades, and the proportion in the low grades is more 

than 65%. Unlike the other two resource-based industries, 

the extractive industry is mostly located in the forest areas 

which have vital ecological functions in the northern part of 

Tangshan City, so this industry still maintains a good habitat 

quality even at a high kernel density. 

3.3  Mechanism of factors influencing the spatial 

differentiation of habitat quality 

3.3.1  Factor detector analysis 

This paper uses geographic detectors to quantitatively detect 

the factors affecting the spatial differentiation of habitat 

quality in Tangshan City. We choose the average of each 

township’s habitat quality as the dependent variable and 

construct impact factor detection from three aspects: natural 

environmental conditions, urbanization, and industrialization  
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Table 1  Habitat quality grade distribution of different raw material industrial kernel density levels in Tangshan City 

Raw material industrial 

habitat quality level 

Ⅰ (0–0.057) Ⅱ (0.057–0.170) Ⅲ (0.170–0.402) Ⅳ (0.402–0.747) Ⅴ (0.747–1.205) 

Area (km2) 
Proportion 

(%) 
Area (km2) 

Proportion 

(%) 
Area (km2) 

Proportion 

(%) 
Area (km2) 

Proportion 

(%) 
Area (km2) 

Proportion 

(%) 

Lower 1390.73 13.22 900.96 34.58 427.10 57.46 126.50 85.72 72.96 75.73 

Low 1965.27 18.69 602.80 23.14 201.38 27.09 21.07 14.28 23.39 24.27 

Medium 1981.13 18.84 720.93 27.67 100.73 13.55 0 0 0 0 

High 2569.29 24.43 217.90 8.36 14.12 1.90 0 0 0 0 

Higher 2611.45 24.83 162.86 6.25 0 0 0 0 0 0 

Total area 10517.87 74.54 2605.45 18.46 743.34 5.27 147.57 1.05 96.35 0.68 

Average (pixel) 2648.24 1082.31 410.39 200.81 243.16 

 
Table 2  Habitat quality grade distribution of different extractive industrial kernel density levels in Tangshan City 

Extractive industrial 

habitat quality level 

Ⅰ(0–0.006) Ⅱ(0.006–0.015) Ⅲ (0.015–0.029) Ⅳ (0.029–0.051) Ⅴ (0.051–0.088) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Lower 1163.89 14.93 874.95 24.89 510.37 30.52 304.39 36.14 64.65 22.86 

Low 1240.45 15.91 728.72 20.73 488.64 29.22 269.35 31.98 86.75 30.67 

Medium 1763.92 22.62 727.22 20.68 255.43 15.27 30.39 3.61 25.82 9.13 

High 2251.62 28.88 284.45 8.10 82.63 4.90 80.51 9.56 102.10 36.10 

Higher 1377.44 17.67 900.51 25.61 335.31 20.05 157.54 18.71 3.51 1.24 

Total area 7797.33 55.26 3515.85 24.92 1672.39 11.85 842.19 5.97 282.82 2.00 

Average (pixel) 2343.80 2266.33 1904.45 1522.98 1132.91 

 
Table 3  Habitat quality grade distribution of different construction industrial kernel density levels in Tangshan City 

Construction industrial 

habitat quality level 

Ⅰ (0–0.098) Ⅱ (0.098–0.322) Ⅲ (0.322–0.743) Ⅳ (0.743–1.415) Ⅴ (1.415–2.283) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Area 

(km2) 

Proportion 

(%) 

Lower 2092.35 17.84 444.94 30.51 212.52 30.23 91.59 65.87 76.85 93.96 

Low 2250.63 19.19 326.83 22.41 184.05 26.18 47.46 34.13 4.94 6.04 

Medium 2284.39 19.48 392.21 26.89 126.20 17.95 0 0 0 0 

High 2552.11 21.76 181.91 12.47 67.30 9.57 0 0 0 0 

Higher 2548.99 21.73 112.44 7.71 112.87 16.06 0 0 0 0 

Total area 11728.47 83.12 1458.33 10.33 702.94 4.98 139.06 0.99 81.79 0.58 

Average (pixel) 2397.44 1321.68 1333.54 239.38 184.80 

 

(Table 4). The industrialization intensity represents the de-

struction and transformation intensity of human engineering 

activities such as mining, metallurgy, and logging on the 

regional ecosystem, which directly reflects the pressure on 

the environment, resources, and ecological subsystems bro-

ught by human activities and social-economic production 

activities. The results in Table 4 show that the nine factors 

all significantly impact the spatial differentiation of the hab-

itat quality in Tangshan City at the 95% confidence level. 

The influences (q-values) of the nine influential factors are, 

in descending order: mean elevation (0.63) > average slope 

(0.55) > population density (0.46) > raw material industrial 

density (0.40) > average annual precipitation (0.34) > con-

struction industry density (0.32) > GDP per unit area (0.22) > 

traffic network density (0.17) > extractive industry density 

(0.16). Among these factors, natural environmental condi-

tions are the foundation that affects land use patterns and 

intensity, which preliminarily determine the distribution of 

regional vegetation and habitat types, and have the greatest 

impacts on the quality of the habitat in Tangshan. The con-

tribution rates of elevation and slope are as high as 0.63 and 

0.55, respectively. The terrain of Tangshan is flat and low. 

The artificial activities are mostly distributed in the flat ter-

rain areas, so the habitat quality is most affected by the alti-

tude and elevation. Among urbanization factors, population 

density has the most significant impact on Tangshan’s habi-

tat quality and its q-value is as high as 0.46. The greater the 

population density, the greater the probability that forest 

land and cultivated land are converted into construction land. 

In recent years, Tangshan City has continuously strength-
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ened the construction of transportation infrastructure, and 

the distribution of the traffic road network in the study area 

is relatively uniform. Therefore, the q-value of the traffic 

road network density on the spatial differentiation of habitat 

quality is only 0.17. Among the three factors representing 

the layout of industrialization, raw material industrial den-

sity has the greatest impact on habitat quality distribution 

(q-value = 0.40), followed by construction industry density 

(q-value = 0.32). The density of the extractive industry has 

the lowest influence (q-value = 0.16). This sequence is due 

to the fact that Tangshan City has accelerated the adjustment 

of its industrial structure in recent years and has gradually 

eliminated the outdated and heavily polluting mining and 

smelting industries. 

 
Table 4  Detection results of the factors affecting habitat quality in Tangshan City 

First level indicator Secondary indicators Code 
Factor interpretation 

q-statistic P value 

Natural environmental 

conditions 

Average slope X1 0.55 0.000 

Mean elevation X2 0.63 0.000 

Average annual precipitation X3 0.34 0.000 

Urbanization factors 

Population density X4 0.46 0.000 

Traffic network density X5 0.17 0.000 

GDP per unit area X6 0.22 0.000 

Industrialization factors 

Raw material industrial density X7 0.40 0.000 

Construction industry density X8 0.32 0.000 

Extractive industry density X9 0.16 0.014 

 
3.3.2  Interaction detector analysis 

The result of further detection by the interaction detector 

shows 36 pairs of interaction results among the nine risk 

factors (Table 5). The results show that the q-value of each 

pair of impact factors is greater than the q-value of each 

individual impact factor and even greater than the sum of 

the two factors’ q-values, which means that the interaction 

of any two factors on habitat quality is enhanced or even 

nonlinearly enhanced. The interaction strengths between 

average annual precipitation (X3) and the other two natural 

indicators (elevation (X2) and average slope (X1)) are as 

high as 0.83 and 0.82, respectively. Among other factors, the 

interaction effects of average annual precipitation (X3) and 

population density (X4), mean elevation (X2) and traffic 

network density (X5), mean elevation (X2) and construction 

industry density (X8) are all 0.78. This indicates that natural 

environmental conditions have the most vital interactions 

among the influencing factors and the natural environmental 

factors, and the other two types of factors also have appar-

ent synergistic effects. 

 
Table 5  Interactive detection results of factors influencing habitat quality in Tangshan City 

Impact factor X1 X2 X3 X4 X5 X6 X7 X8 X9 

X1 0.55                 

X2 0.68* 0.63               

X3 0.82* 0.83* 0.34             

X4 0.73* 0.75* 0.78* 0.46           

X5 0.73* 0.78* 0.60# 0.67# 0.17         

X6 0.72* 0.73* 0.68# 0.65* 0.48# 0.22       

X7 0.73* 0.77* 0.68* 0.65* 0.63# 0.60* 0.40     

X8 0.73* 0.78* 0.64* 0.66* 0.54# 0.57# 0.57* 0.32   

X9 0.64* 0.71* 0.54# 0.59* 0.41# 0.45# 0.59# 0.50# 0.16 

Note: * means two-factor enhancement type; # means non-linear enhancement type. 

 

3.3.3  Influence mechanism analysis 

Based on the results of the Tangshan habitat quality evalua-

tion and the cold and hot spot analysis, we can summarize 

the spatial differentiation pattern of Tangshan habitat quality. 

The large industrial operations in the central and northwest-

ern regions of Tangshan City include Shougang Jingtang, 

Qian’an Shougang, Hebei Iron and Steel Group, and various 

large-scale mining mechanization enterprises. At the same 

time, the surrounding supporting transportation facilities 

and the upstream and downstream industrial chains are 

Administrator
高亮

Administrator
高亮
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complete. This has resulted in a large number of industrial 

enterprises distributed around the central urban areas such 

as Fengrun District, Fengnan District, Lubei District, and 

Lunan District, forming a large-scale resource-based indus-

try distribution center, which has also become a gathering 

area of low-value habitat quality. The Caofeidian District 

and Laoting County in the southern and southwestern 

coastal areas rely on the state-owned farms and the wetlands 

and tidal flats in the ecological security control area of 

Tangshan City. In recent years, they have vigorously devel-

oped high-quality ecological projects such as the Tangshan 

Bay Eco-city and the Tangshan International Tourism Island 

Project. Therefore, many state-owned farms such as Guhe 

Township, Maheying Town, and others have formed signif-

icant habitat clusters with medium and high values. Most of 

the towns in the northern region have a high altitude, abun-

dant rainfall, lush forests and steep terrain, leading to a low 

degree of artificial development in the northern region, 

which in turn fosters a high-value habitat area. 

The differential evolution of the spatial pattern of habitat 

quality is a result of the combined effect of many factors. 

Lefebvre’s space production theory shows that space has 

three levels: spatial representation, spatial practice, and rep-

resentation space (Lefebvre, 1991). The process by which 

the habitat quality is changed is the process of spatial prac-

tice, and space practice is closely related to the spatial rep-

resentation and the representation space. Based on the 

geo-detector analysis of the three major types of spatial dif-

ferentiation elements, we have summarized the formation 

mechanism of the spatial differentiation of habitat quality in 

Tangshan City based on space production theory (Fig. 6). 

The original habitat of Tangshan City is mainly affected by 

natural factors such as elevation, slope, precipitation, etc. 

The original high-quality habitat is distributed in areas 

which are more suitable for species to survive, i.e., those 

with abundant rainfall, high vegetation coverage and a 

comfortable climate. Urbanization is the main driving force 

for the change of Tangshan’s primitive habitat. The gov-

ernment, as the holder of space rights, comprehensively 

considers nature, population, economic development, 

transportation and other factors to implement spatial repre-

sentation in a certain area, and carry out spatial practice 

based on spatial representation. The places with the flat ter-

rain, comfortable climate, densest population and conven-

ient transportation are the first to transform because they are 

conducive to human life and production. As a result, the 

type of habitat is changed and the quality of the habitat is 

reduced in those transformed areas. Therefore, the interac-

tion values of natural environmental conditions, such as 

elevation and slope, and urbanization factors, such as popu-

lation density and traffic road network density, are all above 

0.70. At the same time, along with the practice of space, the 

cumulative representation space of the government’s gov-

ernance philosophy also plays a role. For example, in the 

past few decades, economic development and income 

growth brought about by industrialization have always been 

the primary goals of local governments and the people. The 

government and factories take industrialization as the main 

consideration factor in the spatial representation, which 

leads to the habitat being constantly changed and trans-

formed in the practice of space. The places where the origi-

nal habitat of the region is more suitable for industrializa-

tion are more likely to be transformed and destroyed. For 

example, areas with well-developed transportation and 

densely populated areas are conducive to the development 

of construction and raw material industries. Therefore, these 

areas become non-optimal habitats. This phenomenon has 

been verified by the interaction detection results, which 

show that the density of the traffic road network, population 

density, raw material industry density, and construction in-

dustry density all have a double-factor enhancement and the 

detection values are all higher than 0.50. However, when 

industrialization advances to a certain extent, the govern-

ment is faced with the problems of resource exhaustion and 

ecological deterioration, so the government needs to change 

its governance philosophy to undertake the transformation 

and upgrading of resource-based industries and meet the 

growing spiritual and cultural needs of the people. As a re-

sult, many representative spaces such as wetland reserves 

and tourist resource-rich areas have been protected and re-

constructed to become new high-quality habitat areas. That 

is, the government’s governance philosophy and the spiritu-

al needs of the people affect the space practice together. In 

the end, areas with high vegetation coverage, beautiful 

landscape patterns, low terrain, and a comfortable climate 

become the large-scale high-value habitat areas; while areas 

with concentrated populations, rich resources, and conven-

ient transportation become large-scale low-value habitat 

areas. 

4  Discussion 

4.1  The suitability of using POI data in urban habitat 

quality research 

The most widely used data in current habitat quality resea-

rch are traditional land use data and social-economic data. 

The former comes from satellite images, and the latter are 

often statistical data. However, the industrial statistical data 

cannot accurately reflect the spatial location of the pollu-

tion-intensive industries (Bai et al., 2019). With rich infor-

mation, POI data are closely related to urbanization and 

human mobility, so they are increasingly useful in analyzing 

urban ecological and environmental problems (Liu et al., 

2021b; Min et al., 2019). This paper uses POI data and ker-

nel density statistics to analyze the spatial distributions of 

various industrial sectors, which can accurately locate the 

various industrial enterprises and determine the impacts of 

different resource industry layouts on the spatial differentia-

tion of urban habitat quality. This approach may provide a  
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Fig. 6  Mechanism of factors influencing the spatial differentiation of habitat quality in Tangshan City  

 
new way to facilitate habitat quality research in empirical 

studies. 

4.2  Contributions and limitations 

Compared with existing research, the comprehensive model 

adopted in this study allows the habitat assessment to con-

sider both the closest natural state and the benefits provided 

to humans. This study enriches the research results of re-

source-based city habitat quality, and provides a scientific 

theoretical basis for the construction of the ecological secu-

rity pattern and the sustainable development of re-

source-based cities. Tangshan’s high habitat quality areas 

are distributed in mountainous areas in the north and wet-

lands and coastal beaches in the south, while low habitat 

quality areas are mostly distributed in the middle flat region 

where most of the population and resource processing in-

dustrial enterprises are located. Interestingly, the resource 

extractive industrial companies are primarily located in the 

northern mountain area with a relatively high habitat quality. 

This probably can be explained by Tangshan government’s 

ecological protection zone (EPZ) designation and industrial 

upgrading actions in recent years (Tangshan City Land Use 

Master Plan (2006–2020), 2011). The government has set 

EPZs in the northern mountain area and the southern coastal 

beach area and shut down some of the most destructive ex-

tractive industries. Compared with other types of resource- 

based cities, regenerative cities have achieved certain results 

in exploring new development models. Tangshan City, as a 

representative of a typical renewable resource-based city, has 

adopted green development measures in recent years which 

can be used as a reference for other cities: 1) Rational allo-

cation of industrial land distribution; 2) Development and 

implementation of more industry upgrading management 

plans based on the accumulation of resource-based indus-

tries; 3) Vigorous development of the tertiary industry, rely-

ing on natural resources and geographical advantages; and 4) 

Delimitation of natural ecological protection areas and im-

plementation of strict ecological protection policies. Alt-

hough taking the path of green transformation and 

low-carbon transformation is a common choice for re-

source-based cities, more specific road choices should be 

determined according to the city’s own actual problems and 

conditions. In general, the preliminary framework for the 

mechanism of factors influencing the spatial differentiation 

of habitat quality proposed in this paper can provide a pre-

liminary basis for subsequent research on the spatial and 

temporal evolution mechanisms of habitat quality in re-

source-based cities at home and abroad. It also has a certain 

reference value for accelerating industrial transformation 

and upgrading and optimizing the pattern of ecological se-

curity in resource-based cities. 

However, there are still some shortcomings. For example, 

the selection of indicators for factors affecting habitat qual-

ity may not be comprehensive. The development of re-
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source-based cities is greatly affected by laws and policies. 

Due to data limitations, this study did not include certain 

factors affecting ecological management and control poli-

cies such as returning farmland to forests, ecological safety 

zones, and major functional areas, which may cause some 

deviations in the research conclusions. As another limitation, 

we used 2019 data to investigate the spatial differentiation 

of habitat quality in Tangshan City and explore its impact 

mechanisms. The development of resource-based cities has 

apparent phases. Subsequent in-depth research can be car-

ried out on the temporal and spatial changes of the impact 

mechanisms of the inter-period dimension on the habitat 

quality. 

5  Conclusions 

Taking Tangshan, a typical resource-based city as the re-

search area, this paper integrates the land patch-based habi-

tat quality assessment and InVEST-habitat quality model to 

evaluate the habitat quality value and then applies spatial 

autocorrelation and the nuclear density method to analyze 

the spatial differentiation pattern of the habitat quality in the 

study area. Furthermore, as an important influencing factor, 

this study introduces the resource industrial structure layout 

into the geographic detector model based on multi-source 

data and explores how the nature- and human-driven factor 

interactions influence the habitat quality spatial pattern 

quantitatively. Finally, this study tries to use Lefebvre’s 

space production theory to explain the spatial differentiation 

mechanism of habitat quality in Tangshan City. 

The results show that: 1) The total value of Tangshan’s 

habitat quality in 2019 is 3.45×1010 yuan, and the value of 

habitat quality presents a significant spatial differentiation. 

Habitat quality hot spots are mainly distributed in the north 

and south of Tangshan City, while cold spots are concen-

trated in the central and western regions. 2) The distribution 

of the raw material industry, construction, and extractive 

industries has a significant negative spatial correlation with 

habitat quality. High habitat quality areas are mostly con-

centrated in areas with low resource industry intensity. 3) 

The geographic detector factor analysis results show that 

natural environmental conditions are the decisive factor 

affecting the spatial differentiation of habitat quality in 

Tangshan City, and urbanization and industrialization fac-

tors are the external forces driving the spatial differentiation 

of habitat quality. The effects of each factor in descending 

order are as follows: average elevation, average slope, pop-

ulation density, industrial density, average annual precipita-

tion, construction industry density, GDP per unit area, and 

traffic road network density. 4) The interaction detector 

reveals that the interactions of any two factors on habitat 

quality are all enhanced. Natural environmental conditions, 

socioeconomic conditions, and resource industry layout are 

interdependent and interactive in space, indicating that the 

quality of regional habitat results from the combined effects 

of multiple influencing factors. 
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资源型城市生境质量空间分异格局及其影响机理研究—以唐山市为例 

程  鹏，闵  敏，赵  微，赵  可 

华中农业大学公共管理学院, 武汉 430070 

摘  要：退化的生态环境一直是全球资源型城市可持续发展的挑战。尽管此问题已经引起了学界的广泛关注，但从自然与

人为因素相互作用的角度探讨资源型城市生境质量的空间分异格局及其影响机理的研究较少。本文以唐山市为例，基于综合生态

系统服务价值和 InVEST-HQ 模型对生境质量进行评估，利用空间自相关识别唐山市生境质量的空间分异特征，并借助地理探测

器模型和空间生产理论探讨唐山市生境质量空间分布差异的影响因素及其影响机理。结果表明：（1）2019 年唐山市生境质量总值

为 3.451010元，每公顷生境质量价值为 24435.05 元。唐山市生境质量值呈现出“南北偏热，中西偏冷”的分布格局。（2）县域

尺度上迁西县生境质量最优，路北区生境质量最差；乡镇单元上上营乡生境质量均值最高，开平街道最低。（3）自然环境条件是

影响唐山市生境质量空间分异的重要基础因素。城市化和工业化因素是唐山市生境质量空间分异的重要外在动力。平均海拔、平

均坡度、原材料业密度和人口密度对生境质量空间分异的贡献均大于 0.40。任意两因子对生境质量的交互作用均为增强。人口聚

集、工业资源丰富、交通便利的区域成为生境质量低值区，景观格局优美、降雨充沛、气候舒适的区域成为生境质量高值区。空

间生产理论可以用来解释生境质量空间分异的形成机理。 

 

关键词：生境质量；空间分异；影响机理；地理探测器；资源型城市 


