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Abstract

:

The development of China’s high-density urbanisation process has made people aware of the widespread injustice in urban green space (UGS) as a means to improving residents’ well-being. The Chinese National Forest City (NFCC) policy is one of China’s construction models that aims to develop urban greening and reduce the inequality of residents’ well-being. This study used a combination of qualitative research and index quantification to explore the relationship between the spatial distribution of NFCCs and the factors affecting inequality in green space allocation and their impacts. The results of the study show that changes in indicators in NFCC policy reflect the national government’s decision-making orientation towards achieving environmental equity, and that the main factors affecting the unequal spatial distribution of NFCCs are highly correlated with inequality in UGS resources. This study analysed the NFCC policy from a new perspective and provides useful information for the development of national forest policy in order to ensure sufficient green space in China and the elimination of environmental inequity.
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1. Introduction


Rapid urbanisation has increased social inequality. Inequality refers to unequal access to green space or the protection from environmental hazards of groups at different socioeconomic levels or from different geographic areas, an important issue in the field of environmental justice [1,2,3]. Green spaces provide regulatory and cultural ecosystem services, purify the air, reduce traffic noise pollution, and increase carbon storage capacity [4]. However, because of these social, economic, and environmental benefits, society’s interaction with urban green spaces (UGSs) can be competitive, leading to environmental equity issues [5]. As high-density urbanisation is accelerating globally, particularly in Asia, high population density has severely strained the availability of both high-quality and high-density green space [6]. The COVID-19 epidemic’s recurrence and expansion forced people to consider the issue of health disparity brought on by the unequal use of space, causing them to turn to urban planning for new solutions [7,8]. In a sense, social issues are an opportunity for urban policymakers and residents to realise that the upgrading of urban human settlements should be paid attention to and be more considered, effectively promoting urban resilience and sustainable construction [9].



China, as one of the most rapidly urbanising countries, had its cities with populations of more than one million increase from 90 in 2000 to 161 in 2019 [10,11]. The Chinese government has begun to attach great importance to land greening and forest city construction in order to improve urban environmental quality and ecological resilience [12]. The national green space construction industry has gradually developed into a national development strategy through the establishment of a national forest city policy [13]. On this basis, the Chinese National Forest City (NFCC) policy was initiated in 2004 by the State Forestry Administration of China in order to alleviate urban environmental pollution [14]. The NFCC policy is now officially recognised as an urban construction mode where forest vegetation dominates the ecosystem and ecological construction is used to achieve the integration of urban and rural development [15]. This policy encourages local governments to actively include urban forest construction in urban planning and construction, thereby promoting urban ecological development at the government level. Implementing this policy is critical in developing the urban ecological green space system [16], greatly enhancing the overall environment, maintaining and protecting urban equity biodiversity, and promoting urban sustainability.



Currently, the mainstream research on the NFCC policy is focused on the literature. First, according to policies and regulations, construction scale, etc., the policy development process is divided into and elaborated upon in stages [17,18]. Second, it summarises problems in the policy implementation stage and suggests solutions [19]. Third, by combining the construction benefits of ecological, economic, and social scales, it analyses the public attitude, pressure, state, and response in order to explore the direction of its future advancement [20,21]. However, as a national urban development policy, modern information technologies, like remote sensing or geographic information systems, which play an important role in spatial research, should be applied. Most of the aforementioned studies focused on a single point of analysis on certain content, and they rarely combined time trajectories, development policies, social events, and spatial distribution. Regrettably, no research has been conducted with the aim of discovering the correlation that exists between the NFCC policy and the unequal distribution of green space, nor to analyse, from an environmental equity perspective, how the central government can link up with local governments to solve the problem of spatial inequality in terms of green spaces, along with how it can make use of China’s unique political system and existing resources or conditions in order to participate in the construction of urban complexes that meet the selection criteria of the NFCC policy so as to provide reference value for other urban areas [22].



This study utilized Geographic Information System (GIS) software (ArcGIS), web-mapping services (Google Earth), statistical software package (SPSS), and the factor detection model (Geo Detector) to study and explain the changes and implementation status of NFCC policy from the perspective of environmental equity. It also explores and explains the spatial heterogeneity of cities under the current NFCC policy and the driving factors of the spatial distribution. This is conducted to provide a scientific basis for the balanced development of NFCC policy. This study selected environmental equity as its research perspective and found that there was a correlation between NFCC green space and inequality, providing a new perspective for studying spatial green space strategies. This study also analysed how China currently achieves equality of UGS through NFCC policy to provide balanced ecological services for urban residents so as to meet future challenges. It is our hope that these results will provide policy governance experience and lessons for other high-density cities to better realise sustainable societies under the remit of environmental justice.



This article is structured as follows: First, Section 2 shows the analyses of the benefits of NFCC policy and explores its temporal evolution and conceptual shifts. Second, Section 3 introduces the data sources and methods of the research. Then, Section 4 and Section 5 provide the study’s main findings and the analysis and description of the results, respectively. Finally, Section 6 and Section 7 discuss and summarise the prospect of further research, respectively.




2. The thorough Examination of NFCC Policy


2.1. The Origin of NFCC Policy


The NFCC policy was developed based on the concept of the “urban forest”. In the U.S., the concept is generally understood to mean all trees within a city’s limits [23]. Some European countries define urban forests as larger forest areas within cities or peri-urban forests (Table 1) [24,25,26]. Differences in the conceptualisation of an urban forest reflect the functional scope and scale of urban forests in different countries [27]. Urban forests are recognised as an important resource that affect urban dwellers’ lives and improve the quality of the regional environment as well as the health and well-being of people in an equitable manner. As shown from the above definition, the concept of an urban forest has obvious urban cultural characteristics that reflect the cultural needs and value orientation of local urban citizens, and these furthermore have important significance in terms of the birth and development of NFCC policy.




2.2. Policy Evolution Process


The NFCC policy is a development model of an ecological city established by following the concept of the urban forest. The forest is introduced into and built within the city, reflecting the coordinated development of humans and the forest [28]. Currently, 219 NFCCs have been built across 26 provinces/regions. Combined with the policies and regulations published for the establishment of NFCCs, the variations in the quantity of NFCCs authorised over the years can be categorised into subsequent phases (Figure 1).



	
Initial (2004–2006)






This is the pilot exploration stage of an NFCC, starting in 2004, wherein the first batch was raised [29]. At this stage, the specific indicators of the policy were not yet improved, and the relevant concepts were still in discussion. Since the concept of a forest city originated in developed countries, this stage focused on adapting the concept to national political systems and development models. The central government also tried to encourage local governments to actively participate in NFCC choices in order to enhance the impact of the policy [30].



	2.

	
Development (2007–2013)







The release of the preliminary “NFCC Evaluation Index” in 2007 marked the official entry into the stage of systematic standardisation. During this period, the government introduced a series of policies in order to better evaluate the degree of urban greening, meaning that the establishment of natural forests became a significant task for the State Forestry Administration, signifying the fundamental fulfilment of the policy [31].



	3.

	
Maturation (2014-Present)







In 2014, the NFCC policy was officially approved as an internal approval project of the national government, meaning that the NFCC policy rose from the local municipal level to the national level as soon as the state government officially issued the NFCC Development Plan (2018–2025), with a target set of issuing 300 cases by 2025 [32]. Subsequently, the state government improved and supplemented the evaluation indicators (GBT37342-2019) [33]. The NFCC policy showed a planar distribution and even formed a local urban agglomeration distribution trend from the available information. At the same time, with the growth of China’s ecological civilisation construction and the development of the “beautiful China” initiative, the quality of NFCC construction became one of the most important indicators for the judgement of urban development [34].




2.3. Evolution of the Selection Criteria


2.3.1. NFCC Initial Selection Indicator


The NFCC policy aims to build a new urban living space that is green, fair, and sustainable. To adapt to China’s unique national conditions and cope with the ever-changing emergencies and international situations, the NFCC policy has improved itself alongside urbanisation, with continuous revision and adjustment [35]. Since their implementation in 2007, the evaluation indicators have been divided into four aspects, namely, local government leadership, management system, construction, and assessment [36]. Urban infrastructure and ecosystem construction are among the most important factors of this index. At this stage, the government proposed clear quantitative targets for overall forest coverage, for instance, requiring that the forest coverage rate of southern cities should be more than 35% of the total land area of this city and that of northern cities should be more than 25% of the total land area of this city [37].



Whether green space accessibility is equitable among communities is being increasingly considered an environmental justice issue [38]. At the early stage of the index’s establishment, the Chinese government proposed the urban greening index to cover the scope of NFCC assessment [39]. Furthermore, according to the “public leisure” part of the index evaluation, the green leisure space in an urban built-up area must be within 500 m of the residences of urban residents [40]. In 2012, the government issued a complete “NFCC Evaluation Index”, defining relevant terms clearly and providing more scientific adjustments in urban greening indicators [41]. For example, urban forest coverage rate requirements were redefined according to the annual precipitation and the proportion of natural wetland area to urban area [42]. The per capita green area of urban parks and the greening of all urban areas (streets, parking lots, important water sources, villages, and towns) were included in the index system [43]. At the same time, a more scientific normative index formula was published to calculate the degree of urban greening and the share of green space. Public participation was also incorporated into the index system [44].




2.3.2. NFCC Selection Indicators at the Development Stage


It is worth noting that the government attaches importance to environmental equity in the indicators. For example, in the policy framework, the government is required to prioritise the needs of citizens and facilitate them in the construction of forest cities [45]. Moreover, it pays attention to urban forestry economic and cultural industry policies and seeks the possibility of green industry [46]. In 2019, the State Administration for Market Supervision and Administration and the Standardization Administration promulgated and implemented the NFCC Evaluation Index (GB/T37342-2019) [47]. As compared with the previous evaluation index version, a new version of the index was designed, involving the factors of forest networks, forest health, ecological welfare, ecological culture, organisation, and management. In addition, five indicators were improved to increase the per capita green space, providing rural greening. The most important point requires cities to build large ecological leisure spaces such as forest parks and wetland parks, and the 20 km service radius of these places needs to cover more than 70% of the city area [48]. The changes in these indicators reflect the fact that the Chinese government has fully incorporated environmental fairness in green spaces into its policies and has put forward higher requirements.




2.3.3. NFCC Selection Indicators following COVID-19


Following the COVID-19 pandemic, in 2020, the government successively issued the “NFCC Management Measures”, the “NFCC Review Measures”, and the “NFCC Evaluation System Operation Manual” [49,50]. These policies put forward new requirements for the construction of UGSs, such as increasing the per capita green space area again and increasing the coverage of the 500 m of the UGS service radius [51]. In addition, the government was encouraged to establish a series of healing infrastructures, such as forest health bases and tourist landscapes. At the same time, through the improvement of the review methods and procedures, the government came to be supervised in its adherence to the construction of UGSs after they obtained the title of “NFCCs”. The current evaluation criteria mainly include the following: (1) restoration and establishment of ecological functional areas, enhancement of ecological service functions, and improvement of urban resilience in order to achieve environmental justice; (2) improvement of the quality of urban environmental green infrastructure in order to achieve the well-being of urban residents; (3) urban landscape improvement drawing on ecological and cultural intelligence; (4) establishment of the integration of urban and rural ecosystems, as well as the realisation of the equality of green resources; (5) the formation of green industries, the promotion of urban industrial transformation, and the narrowing of the economic gap between regions. The transformation of NFCC standards from a focus on quantity to quality also signals that the Chinese government is transforming from an economically focused, construction-oriented government to a public-service-oriented government. The central government has thus realised the importance of green space equality in accordance with the constantly adjusted NFCC evaluation system (Figure 2). This study finds that the Chinese government is trying to encourage local governments to realise equality in UGSs through the central power system and incorporate public participation into policy decision-making in order to optimise the urban governance structure [52]. In conclusion, the Chinese government has shown how the NFCC policy is progressive in creating resilient and sustainable cities by continuously modifying the NFCC indicator system.





2.4. Goals and Benefits


At the initial stage of forest city construction, the NFCC policy is important in improving the urban ecological environment. In 2005, Shenyang was named an “NFCC”, but it was once referred to as “one of the top ten polluted cities in China” by public opinion because of the pollution caused by the development of heavy industry [53]. The local government then actively responded to the NFCC policy. It presented an ecological rationale for the strategic choice to establish a city amidst a forest. After large-scale urban afforestation construction, the government built a complete urban forest landscape system in the urban area and the surrounding suburbs, providing good ecological conditions for its urban sustainability [54,55].



When the construction of forest cities entered the development stage under the implementation of the policy in 2004, 71.17 million hectares of the total area of China had been afforested, with the forest coverage rate increasing from 16.55 per cent to 20.36 per cent and the forest area increasing to 195 million hectares [56,57]. At the same time, to alleviate society’s contradiction between supply and demand, the national policy has gradually changed from “advocating efficiency first” to “safeguarding social fairness and justice” [58]. With the encouragement of the policy, local governments have carried out in-depth greening construction. According to the National Ecological Protection and Construction Plan (2013–2020), issued by the central government in 2013, the green coverage rate of urban built-up areas reached 38.6%, and the per capita green park area reached 11.18 square meters [59]. In the “NFCC Development Plan” issued by the central government in 2018, the average annual afforestation area of local cities granted NFCC status reached 200,000 mu [60]. The support and satisfaction rates of urban and rural residents for the construction of NFCCs in their cities exceeded over 95% in terms of people’s reported well-being.



In the mature stage, some traditional industrial or resource-based cities established a series of tourism and health industries based on green space resources in an attempt to promote urban transformation and green development [61,62]. The central government tried to establish a government-led construction structure that was implemented by the local government and participated in by the residents of the whole city [63]. Therefore, to promote the construction of a forest city, a construction platform for the participation of the whole society was built, and social capital was encouraged and introduced through policy support in order to invest in urban construction through public–private partnership (PPP), build–operate–transfer (BOT), etc.




2.5. Impact of NFCC on Inequalities in Green Space Allocations


In the context of environmental justice, green space equity aims to realise the right of all people and all social groups to equal access to green space resources and environmental amenities [64]. Green space equity argues that the effective participation of all people in the formulation and implementation of environmental laws, regulations, and policies, as well as the distribution of environmental benefits, should be equally protected. In China, the root cause of environmental inequity lies in the fact that, during the development process, all sectors of society prioritise socioeconomic output efficiency or the potential economic benefits brought about by green space in the allocation of green space, ignoring the equity dimension of social groups [65,66]. Therefore, the NFCC policy is a regulatory response proposed by the government in managing green space inequity, with the study of the correlation between the distribution characteristics of NFCCs and the factors leading to green space inequity from a spatial perspective also playing an important role in optimising NFCCs.





3. Materials and Methods


3.1. Data Sources


The national afforestation committee of the People’s Republic of China and the state forestry administration provided the study’s raw data (https://www.forestry.gov.cn/, accessed on 1 November 2023), released by the NFCC list. Up until now, 219 cases have been issued, including 17 batches from 2004 (Figure 3). Social institutions or organisations have issued similar lists due to the particularity of China’s political system. The most authoritative is the list released by the central government [67]. Similarly, these data, along with standards and norms, are among the most authoritative data and can be used as evidence for conducting UGS distribution and access research [68]. The geospatial coordinate data of this research were taken from Google Earth.



Other urban information was based on the updated government work report and statistical yearbook at the end of 2023, which imported socioeconomic data from the various administrative regions as attributes. When these data were entered into the database, projects that were burdened or cancelled due to regional changes in the administrative area were reorganised. The NFCC spatial distribution map was created by reintegrating the final data into 219 position coordinates.




3.2. Research Methodology


Spatial distribution pattern is the main research direction of spatial statistics; any phenomenon is based on the development of a certain geospatial development, and therefore will inevitably have some local characteristics and development of unbalanced characteristics. This paper’s indicator metrics can often explain these characteristics.



In addition, the study overlayed some of the visualised variables (e.g., topography, climate, population density) with the NFCC spatial distribution on a model of oceanic topography land with the help of GIS technology, which allows for a clearer judgement of the drivers affecting the spatial distribution.



3.2.1. Nearest Neighbour Index


The nearest neighbour index calculates the geographic coordinates of how close points are to each other in a geographic space. The nearest neighbour index is often used to assess the spatial equity and accessibility of urban public green spaces [69]. In this research, the main use was to analyse whether the spatial pattern of an NFCC is uniform, random, and condensed. The calculation formula is as follows:


   R =     d  ¯      d   E     = 2  D    d  ¯      d  ¯  =     ∑  i = 1   n      ⅆ   i       n       ⅆ   E   =   1   2      A   n    =   1   2  D      



(1)




where   R   is the nearest neighbour index,     d  ¯    is the average distance between the nearest points, and     ⅆ   E     is the theoretical closest distance. If the   R   value is greater than 1, the NFCC presents a discrete distribution in terms of space. If the   R   value equals 1, the NFCC is distributed randomly in terms of space. If the   R   value is less than 1, the NFCC is clustered. At the same time, its significance can be evaluated by the   Z   value.




3.2.2. Geographic Concentration


The geographical concentration index is one particular index used to gauge the degree of concentration of the study item in the spatial distribution [70]. In this study, geographic concentration was mainly used to analyse the strength of NFCC concentration at the urban geographic scale in order to understand the spatial distribution structure of NFCCs [71]. The value ranged from 0 to 100. The distribution is more concentrated the higher the G value, and the distribution is more discrete the lower the G value. The precise formula is shown below:


  G = 100 ×    ∑  i = 1   n            x   i     T       2       



(2)







The formula takes   T   as the total amount of NFCC,     x   i     as the total amount of NFCCs by province,   n   as the number of cities, and   G   as the geographical concentrated index.




3.2.3. Imbalance Index


Differences in the spatial distribution of NFCCs show differences in the allocation of green space resources in different regions. In this study, the imbalance index was used to reflect the balanced distribution of NFCCs at the administrative level. The specific formula is as follows:


  S =     ∑  i = 1   n      Y   i     − 50   n + 1     100 n − 50   n + 1      



(3)







In the formula,   n   is the number of provinces and municipalities,   n = 28  , and     Y   i     is the cumulative percentage of the number of NFCCs in the total provinces. If   S = 0  , then   0 ≤ S ≤ 1  , indicating that NFCCs are dispersed equally throughout all province cities. All forest cities will be gathered in one specific urban area if   S = 1  . The more   S   values tend towards 1, the more uneven the distribution.




3.2.4. Kernel Density Estimation


As NFCCs have uneven distribution in a region and their inhomogeneity varies with the area of the computational cell, this study accurately expressed the spatial distribution density and degree of aggregation of NFCCs in the physical plane through the Kernel density estimation and clearly assessed the dispersed or discrete characteristics of NFCC spatial distribution through morphological features [72]. Afterwards, the degree of spatial clustering of NFCCs was evaluated at the administrative area level [73]. The calculation formula is as follows:


    f   n     x   =   1   n h     ∑  i = 1   n    k     x −   x   i     h        



(4)




where the number of NFCCs is represented by   n  , the distance between the estimated point   x   and the sample     x   i     is denoted by   x −   x   i    , the search radius is represented by   h  , the kernel density estimate is denoted by     f   n    , and the spatial weight function is represented by k.




3.2.5. Pearson Correlation Coefficient


This equation, often known as the linear correlation coefficient for short, quantifies the strength of the linear relationship between   x   and   y   and is used to assess how one element affects the quantity of NFCC distributions [74]. In this study, we attempted to use this model to calculate the correlation between the factors affecting the equity of green space resource allocation (national forest resources, variations in the number of cities across provinces, economic development level) and the NFCC distributions, helping us to better understand the link between the two [75]. The formula is as follows:


    r   x y   =     ∑  i = 1   n        x   i   −   x  ¯        y   i   −   y  ¯       /     ∑  i = 1   n          x   i   −   x  ¯      2         ∑  i = 1   n          y   i   −   y  ¯      2         



(5)







The formula uses   n   as the total amount of cities and provinces represented as NFCCs, or   x , y ,   and     x  ¯    y  ¯    as the sample mean and the average of the two variables, respectively.     r   x y     ranges from   ( − 1,1 )  ;   r = 1   indicates a perfect positive linear correlation between the two, that is,   Y = a X + b ( a > 0 )  ;   r = − 1   indicates a perfect negative linear correlation between the two, that is,   Y = a X + b ( a < 0 )  . The correlation between the variables is stronger the higher the absolute value of   r  , and vice versa.




3.2.6. Geographic Detector


In the absence of any assumption, the geographic detector is a tool for identifying the links between elements affecting spatial differentiation and geographical phenomena [76]. Multivariable collinearity does not alter the computation or the outcome. As a spatial statistical method, this model is frequently used to quantitatively study the influence of external factors on the distribution of urban green space resources, and it can quantify the relative importance of the relevant factors. In this study, the model explored the explanatory power of socioeconomic factors affecting the equity of green space allocation on the regional differentiation of NFCCs, helping us to understand which factors are more likely to affect the distribution of NFCCs, as well as to propose effective strategies on this basis [77,78,79]. The standard of measurement was the q value. The model’s formula is as follows:


  q = 1 −     ∑  h = 1   L      N   h     σ   h   2       N   σ   2      



(6)







The formula calculates   L   by dividing the entire number of subregions by the amount that affects elements   x   (number).     N   h     represents the number of NFCCs in the specified region (location),   N   indicates the total number of NFCCs within this region (local), and     σ   h   2     represents the NFCC density variation within each subregion. The variation in NFCC concentration for each province is denoted by     σ   2    . The [(0–1)] range is where   q   is valued. The factor’s influence on the NFCC’s spatial distribution increases with larger   q   values and decreases with smaller   q   values. If   q = 1  , the factor completely affects its spatial distribution; if   q = 0  , the factors are independent of their spatial distribution. When   q = 1  , the factor’s spatial distribution is entirely influenced by it; when   q = 0  , the factor’s spatial distribution is unaffected.





3.3. The Framework of Research


The present research investigated NFCCs using an index and spatial software. The research involved Arc GIS 10.8, IBM SPSS Statistics 26, and GeoDetector 2018 software. Esri created and maintained the Arc GIS 10.8 client software line in order to offer geographic information system services with precise analytical findings and powerful visual representation [80,81]. SPSS Statistics 26 is a commonly used software platform for statistical analysis, providing advanced statistical analysis, machine learning algorithms, and data integration to test the correlation of spatial factors [82]. A statistical tool called GeoDetector 2018 software was used to identify the factors that influence spatial differentiation. It can identify the explanatory power of the influence of spatial differentiation on several elements at once [83]. This study established a geospatial information base by extracting the geospatial information of NFCCs and determined the type of spatial distribution and degree of aggregation of NFCCs using the proximity index, geographic concentration index, and imbalance index. To further determine whether NFCC distribution has a substantial impact on green space equity in each region, the study overlapped the factors affecting green space equity with the spatial distribution of NFCCs by employing the Pearson correlation coefficient and used a geodetector to measure the explanatory power of green space equity drivers on the distribution of NFCCs to test the impact of NFCCs on the spatial distribution of green space (Figure 4).





4. Results


4.1. Synopsis of the Study Topics


This study extracted the spatial distribution data of NFCCs and created a geospatial database that allows for the abstraction of its distribution into point elements from a macroscopic point of view (Figure 5).



This research found that NFCCs were dispersed in 29 different administrative regions. The spatial data of NFCC distribution were obtained based on index calculation (Table 2).




4.2. Examination of NFCC Spatial Properties


4.2.1. Pattern of Spatial Dispersion


The average nearest neighbour index obtained in this research was   R = 0.728825 < 1   and   Z = − 7.677197 < − 2.58  . The findings indicate a 99% chance of a clustering distribution for the NFCC spatial distribution in the area.




4.2.2. Equitable Dispersion in Space


	
The level of spatial distribution concentration






As stated by the geographical concentration index Formula (2), the number of distributions for each region was calculated (Table 3). The NFCC overall geographic concentration index, G = 22.67066967, was able to be calculated. Theoretically, the ideal geographical concentration index would be substantially smaller than the actual geographical concentration index (=17.15), assuming the 219 NFCCS were distributed equally throughout the provincial units. In line with this, NFCC distribution was found to be concentrated at the provincial level, mostly in Shandong, Zhejiang, Henan, Guangdong, and Jiangsu.



	
The level of spatial distribution equilibrium






In academic circles, China is usually divided geographically into seven regions: Northeast, South, Southwest, Central, North, East, and Northwest (Table 4) [84]. The NFCC spatial distribution varies widely across this geographic division, being mostly found in East China, followed by Central China, together making up more than half of the nation (Figure 6).



The NFCC imbalance index S = 0.389480805 can be used to measure the balance of NFCC administrative distribution. This implies that NFCCs are dispersed differently throughout all province units. The data were used to create Lorenz curves showing the distribution of NFCCs in provincial units (Figure 7). As can be seen from the figure, half of the NFCCs were distributed in the following eight provinces: Shandong, Zhejiang, Henan, Guangdong, Jiangxi, Anhui, Sichuan, and Hubei.




4.2.3. Characteristics of Spatial Distribution Density


This study used ArcGIS 10.8’s kernel density tool to identify the NLGCC aggregation (Table 5). It presented a distribution pattern of three cores, multi-scatter, and Lamellar extension (Figure 8).



“Three cores” refers to three core density regions: one with Zhejiang (18) as the core, radiating to Jiangxi (13) and Fujian (10); one with Shandong (18) as the core, radiating to Jiangsu (9) and Anhui (12); and one with Henan (17) as the core, radiating to Shanxi (2). The kernel density index in all regions was greater than 1.00.



	
“Three centres” refers to six high-density core areas. One had Beijing (7) as the core, radiating to the Hebei (9) high-density area; another was centred on Chongqing (6), radiating to Sichuan (12) and Guizhou provinces (5); finally, the last one was a single central region with Guangdong as a single core. The kernel density index of the high-density region was in the range of 0.60 to 1.40.



	
A few medium-density and low-density zones were indicated by multiple scattered points and lamellar extension. The middle- and low-density area in the east is a continuous high-value area that displayed a lamellar distribution with a diminishing kernel density value. Middle- and low-density regions were found to be mostly dispersed over the Central, Southern, Northeastern, and Western regions.



	
In conclusion, the East had a higher concentration of NFCCs than the West, and the South had a higher concentration than the North. The northwest inland parts were found to be sparsely populated, with the majority of NFCCs being concentrated in the southeast coastal areas that are more commercially developed.









5. Factors Affecting NFCC Geographical Dispersion


5.1. Elements of the Natural Environment


5.1.1. Place and Elevation


The topography of different areas often directly and indirectly affects the allocation of UGSs [85]. China’s landscape can be classified geographically into three primary zones: plain, basin, and plateau [86]. It can be concluded that NFCCs are mainly concentrated in the low-altitude plain area and are rarely found in areas above 4000 m (Figure 9). The findings indicate a significant inverse relationship between elevation and the spatial distribution of NFCCs. The unequal spatial distribution of NFCCs can be said to be directly caused by the elevation difference.




5.1.2. Hydroclimatic Circumstances


Climate has significantly impacted both the creation of NFCCs and the activities of human production [87]. There is a direct connection between climate and vegetation growth [88]. In order to analyse the data, this study separated China’s climate into seven main categories and connected them with the NFCC regional dispersion features (Figure 10).



The warm temperate sub-humid and North subtropical humid regions have become the main geographic areas of NFCC distribution. These regions depend on higher precipitation and comparatively better temperature conditions to provide more heat and moisture for forest growth, being favourable for afforestation and the creation of green space.



The temperate semi-arid region of the plateau is characterised by high altitude, inadequate temperature accumulation, and short plant development periods, accounting for the low NFCC distribution in such climate zones. The middle and temperate semi-arid zone and the middle and temperate sub-humid zone are characterised by drought, low rainfall, and water scarcity. In the middle and temperate arid areas, the temperature difference between day and night is large, and the precipitation is less, being particularly arid and thus not conducive to the growth of forest plants. Although the marginal tropical humid area is rich in terms of heat, resources, and precipitation, the proportion of the total land area is not large, and the number of forests is relatively small, which limits the expansion of forest space.



This pattern suggests that the primary element influencing the distribution pattern of NFCCs is the regional differentiation of heat resources and climatic circumstances, which also severely limits NFCCs’ spatial diffusion direction and global range.





5.2. Aspects of Society and Economy


5.2.1. Populace


The population geographical dividing line (Hu population dividing line) reflects the pattern of population development in China from ancient times to the present [89]. Research has found that the spatial distribution pattern of NFCCs is closely related to this population’s geographic dividing line (Figure 11). By comparing the number of NFCCs in these provinces, we found a significant positive correlation between population density and NFCCs. The population determines the pressure borne by the environment and directly determines the allocation of green space. Thus, there is a direct link between NFCCs and environmental justice.




5.2.2. National Forest Resources


NFCCs reflect the development of national green space construction in China. National forest parks are an important embodiment of forest construction and development and are also an important factor in measuring the environmental equity of a regional green space. Using the Pearson correlation coefficient (    r   1   = 0.386  , significant at the 0.04 level), it was found that there was a significant medium positive correlation between the number of national forest parks in each province and the number of NFCC variables. The scatter plot (Figure 12) also demonstrates the spatial link between national forest park and NFCC distributions. However, Heilongjiang Province is rich in national forest parks, yet only one NFCC exists there. Therefore, the number of national forest parks is not the only driving factor affecting the distribution of NFCCs. Urban green space, park green space, number of parks, park area, and the green coverage rate of built-up areas are all important driving factors that affect the distribution of NFCCs.




5.2.3. Variations in the Number of Cities across Provinces


Given that NFCC declarations are required by local municipalities, it is therefore the case that the larger the city base, the greater the number of NFCCs found in a particular region. The Pearson correlation coefficient and the number of provincial-level cities that meet the NFCC policy were calculated, yielding a result of     r   2   = 0.622    (significant at the 0.01 level). This study shows that the number of provincial-level cities strongly correlated with the number of NFCCs. At the same time, the spatial consistency between the main distribution of densely populated urban areas and NFCC areas can be seen from the scatter diagram (Figure 13), as well as in the overlay of the NFCCs with the national urban population density map (Figure 10), which also shows that the current accumulation of NFCCs was affected by the uneven spatial distribution of Chinese cities. In addition, according to the National Forest Urban Agglomeration Pattern Distribution Map (Figure 14), local governments in China are establishing national forest urban agglomeration, which is promoted by the development of NFCCs.




5.2.4. Economic Development Level


Regional variations significantly influence the spatial distribution of NFCCs in terms of economic development. Gross domestic product (GDP) per capita is often used as a variable to measure the economic level of a region [90]. The NFCC and GDP percentages were used as study variables to gauge how closely the two had a linear connection (Table 6). With the aid of IBM SPSS Statistics 26 software, the Pearson correlation coefficient,     r   3   = 0.582   (significant at the 0.01 level), was determined. We found a highly significant, somewhat positive association between the degree of economic development and the NFCC spatial dispersion. Because of this, the selection criteria for NFCCs shifted from strict controls involving large amounts of money invested in green space construction to integrating other relevant resources. Therefore, economically developed areas are better than less developed areas regarding financial resources. They benefit from better market mechanisms in constructing national forests when they mature and have more advantages in terms of selecting NFCCs. In addition, residents in economically developed areas tend to have higher income and consumption levels and value environmental equity more [91]. Therefore, compared with residents in economically underdeveloped areas, they can enjoy more environmental space of a higher quality. The selection index points out that social activities such as science education, publicity activities, demonstration activities, and public attitudes in the city are also included in the index system.




5.2.5. Analysis of the Explanatory Power of Social and Economic Factors


Many of the elements influencing the spatial distribution pattern of NFCCs may be connected to the causes of environmental equality. To gain a better understanding of the percentage of these components that contribute to the spatial differentiation of an NFCC, one can examine the features of spatial differentiation. This study used a geographic detector to measure the explanatory power of these factors. Considering the validity, applicability, and accessibility of the indicator data, we developed indicator systems from five dimensions that affect environmental justice (ecological environment, social economy, traffic factors, cultural factors, and public health) as influencing factors (Table 7).



According to Formula (6), the factor detection of a geographic detector can detect the extent to which its factors explain the spatial differentiation of the detection properties. The numerical value of the geographic detector should be the type of quantity. Since the independent data variable in this study was mainly the numerical quantity, it needed to be discretised. This paper used the K-means function for the discretisation processing of the separation algorithm. The results (Table 8) are as follows:



	1.

	
Ecotope







The ecological environment largely drives the distribution difference of NFCCs. As seen from Table 8, among ecological environment factors, urban green space and the number of parks were found to have the most significant explanatory power for national forest urban parks, with a factor explanatory power of 0.62. With explanatory powers of 0.56, 0.52, 0.48, 0.43, and 0.32, respectively, the second variable with the most explanatory power was the park green area, followed by the number of national forest parks, the parking area, the forest coverage rate, and the green area coverage rate of built-up regions. From the perspective of the construction and development of NFCCs, the potential benefits of NFCCs to society are important factors affecting NFCC policy. The selection of NFCCs takes park green space, national forest parks, urban green space, and forests as important indicators to measure regional value, conducive to providing the ecological basis for the potential benefits brought about by national forest construction and playing an important role in solving the inequality of green space and realising environmental equity.



	2.

	
Social economy







The level of economic development is closely related to the spatial differentiation of NFCCs. However, in the comparison of economic level factors, compared with GDP per capita, the urban population density and resident consumption level were found to have a greater impact on the spatial distribution of NFCCs, with explanatory powers of 0.63 and 0.35, respectively. As a driving factor for the spatial differentiation of NFCCs, the influence of urban population density was found to be even higher than that of the ecological environment. This is because urban areas with developed economies and high-quality environments can attract more of an urban population to form a larger urban system. In addition, population density determines the lower limit of UGS bearing pressure, and the direct cause of the inequality of high-density urban green space is the uneven distribution of population density. At the upper limit of urban green space allocation, residents’ consumption level indirectly affects environmental equity. Meanwhile, improving population density and residents’ consumption level leads to increasingly higher demand for a quality environment. In a sense, the level of economic development determines the scale, quality, development direction, and model of an NFCC.



	3.

	
Traffic factor







The traffic factor is an important consideration for urban development, but it has no significant impact on the spatial distribution of an NFCC. The explanatory powers of railway and highway mileage as traffic factors were found to be only 0.12 and 0.26, respectively. Accessibility affects the city’s external communication and urban proliferation and development, but it also increases the burden on the city’s ecosystem. Therefore, compared with other driving factors, the impact of traffic factors cannot provide a significant research value for the spatial distribution of NFCCs.



	4.

	
Cultural factors







Cultural factors are important in supporting the development of NFCCs. The evaluation index of NFCCs includes ecological industry and ecological culture in the selection index. In the cultural environment affecting the distribution of NFCCs, the explanatory power of the number of tourist attractions, the total tourism income, and the number of tourist receptions were found to be 0.56, 0.53, and 0.36, respectively. National forest resources are related to economic and social development potential. Since 2017, the Chinese government has adopted the maxim “clear water and green mountains are gold and silver mountains”. Zhejiang is the first province in the country to promote and implement this concept. Hangzhou, Jiaxing, and Huzhou in Zhejiang Province, with their beautiful green tourism resources, earned CNY 7.1 billion in 2015 during the Spring Festival. Green resources have brought about several economic benefits to Zhejiang Province. The ecological industry and ecological culture are important driving factors for realising environmental equity in high-density cities.



	5.

	
Public health







The end of the COVID-19 pandemic has forced a renewed focus on urban public health. Studies have shown a correlation between air quality (PM2.5 concentration) and COVID-19 infection. However, regrettably, at present, air quality (PM2.5 content) and legal incidence of class A and B infectious diseases, as driving factors affecting the distribution of NFCCs, have no significant influence, and the explanatory power of these factors was found to be only 0.23 and 0.28, respectively. Although studies have proven that establishing NFCCs has a certain effect on air quality improvement, air quality is still not a selection criterion for NFCC development.






6. Discussion


Through qualitative research on the origin and evolution of NFCC policy, this study found from an empirical perspective that the establishment of NFCCs aims to improve the quality of life of urban residents through a beneficial ecological environment, equitable public goods, and a focus on the general well-being of the people. This then enhances residents’ sense of gain and happiness through the realisation of green space environment equity and brings a focus to solving the major contradictions in Chinese society.



Second, this article concludes that the coupling effect of natural binding force, socioeconomic driving force, and social administrative driving force is responsible for building urban NFCCs based on the quantitative analysis of the spatial distribution characteristics and driving elements of urban NFCCs. The NFCC structure in China is directly impacted by the underlying pattern of spatial environment imbalance in China, which is determined by regional variances under natural variables including elevation, topography, and climate. Socioeconomic factors such as forest resources, green space, number of urban agglomerations, and population size further aggravate the imbalance of this pattern. These drivers are significantly correlated with NFCCs, impact NFCCs’ spatial dispersion to differing degrees, and are impacted by one another. The formulation and determination of standards by the competent authorities and the structuring and decision making of municipal governments at the prefecture level make up the state’s administrative authority to designate an NFCC’s spatial layout. This study also provides some policy implications for building human settlements in China. The findings demonstrate that economic disparity plays a significant role in the unequal spatial distribution of NFCCs, which directly contributes to environmental injustice. China has a significant degree of regional disparity, with the eastern region being more developed than the central and western regions, with this being the reason behind the injustice at the environmental level. This research demonstrates that the economic disparity between the western and central areas has become a barrier to advancing environmental justice and the sustainable growth of human settlements. Hence, the government must address the issue of local economic imbalance and focus on the human settlements in the central and western regions. In addition, this study pointed out that a trend towards regional agglomeration of NFCCs is emerging. In this setting, the Chinese government began to guide the construction of the settlement form of national forest urban agglomerations to strengthen the connection between various cities in a settlement. The Chinese government is not only promoting the aggregation of urban agglomerations, however. In the newly released NFCC Development Plan, the Chinese government was shown to also be trying to build the “Silk Road Economic Belt”, a forest city protection belt; the “Yangtze River Economic Belt”, a forest city carrying belt; and the “Coastal Economic Belt”, a forest city carrying belt based on the NFCC policy, building ecological links to China’s key economic and urban development zones. These policy adjustments based on current trends can effectively strengthen inter-regional urban linkages, centralise the economy of various regional cities, and stimulate the coordinated development of various cities.



Regarding the NFCC construction principles and construction priorities, this study makes the following recommendations:




	
There is a need to strengthen the public service function of green resource cities. The requirement of enhancing the ecological well-being of residents is reflected in the construction of NFCCs.



	
Considering the particularity of China’s social system, urban and rural areas are part of the human settlement environment. The problem of environmental injustice is common in urban suburbs and rural areas, and thus NFCCs should optimise suburban and rural spaces, establish linkages, and provide equal ecological benefits.



	
China is a socialist country, so the central government should encourage local governments to play an active role through working with communities and encouraging the public to participate in the construction of forest cities.



	
Local authorities in the western region should be aware that although the western region has a challenging environment that is not conducive to vegetation planting, the low population density of the region allows the government to undertake higher-quality green space development and utilise landscape management in compact cities in order to address inequalities in terms of the use of green space in specific areas.



	
In the development of NFCC indicators to be used to address inequalities in urban green space, this study recommends the inclusion of public health indicators. Although current research suggests that the variable of public health has a weak impact on the development of NFCCs, health as a benefit of green space equity should not be overlooked.



	
Local governments should follow the NFCC indicators in order to enhance the coverage of green spaces and forests if they want to solve the problem of green space inequality. Moreover, this study suggests that the development of industries derived from green resources should not be neglected. Through upgrading the economy, the inequality of green space distribution can be solved.



	
In addition, attention must be paid to ensuring that the economy is not built in an uncontrolled manner to address environmental inequalities, as uncontrolled expansion of built-up areas can also deteriorate the ecology of the area and create green space inequalities.








With the further development of NFCCs, regional settlements such as national forest urban agglomeration and forest city belts will gradually be formed. Experts can study the rules or reasons for forming regional settlements in national forest urban agglomeration at the meso level. In addition, there are limitations to this study. The original data of this study come from the National Afforestation Committee of the People’s Republic of China and the State Forestry Administration, who have a certain authority and representativeness, but these data do not completely cover nor are equal to the data of a study that specifically focuses on UGS distribution and access, and thus complementary and/or similar studies can be carried out on urban green space and its allocation fairness from other perspectives on the data.




7. Conclusions


The NFCC policy is a strategic intervention of the Chinese government to improve public policy, being a key development strategy wherein China is planning, implementing, and fairly managing green space. By discussing the importance and benefits of NFCC policy at the macro level, and by using the GIS spatial analysis method, SPSS analysis tool, and geographic detector, this study studied the spatial distribution and driving factors of forest cities in 219 countries in China in order to explore the laws behind the spatial distribution of NFCCs and the policy implementation structure, providing other high-density cities with useful information for the study of environmental equity. The main findings are as follows:




	
The selection criteria for NFCC policy have evolved steadily, having a diversified development trend towards all fields of social human settlements in the future. The policy theme has also changed from an early focus on green resources and ecological restoration to the equality of social green space. This change reflects the fact that the Chinese authorities have gradually attached importance to the harmonious development of green resources in terms of society and the economy in the process of urbanisation. The Chinese government’s demand for the equality of green space reflects the uniqueness of the national political system.



	
The spatial distribution of NFCCs currently presents an uneven feature, mainly characterised by obvious spatial clustering characteristics. At the regional scale, there are three core-density regions, three high-density regions with a large radiation range, and several low-core regions, and these regional scales showed a laminar extension trend. In the whole country, NFCCs are bounded by Hu Weiyong’s population density dividing line, showing a dense distribution in the east and a sparse cohesive distribution in the west.



	
Both the natural environment and socioeconomic factors drive such policy pattern differences. For example, socioeconomic factors, ecological environment, urban population density, per capita GDP, and some cultural and tourism industries are all significant factors that affect the distribution. At the same time, natural factors such as terrain and climate also affect the spatial distribution characteristics of NFCCs to varying degrees. These important factors also significantly affect UGS equity.



	
The uneven spatial distribution brought about by such policies will also affect the direction of national strategic development. For example, the uneven spatial distribution of NFCCs has formed an urban agglomeration system. The Chinese government has found the law behind this and tried to establish a construction system based on forest urban agglomeration settlements to strengthen the ecological spatial integration among cities. Moreover, this distribution led the government to consider supporting strategies for the national development strategy, such as the current Chinese government trying to provide ecological support for the “China Silk Road Economic Belt” and “Coastal Economic Belt” through the NFCC policy in an attempt to develop a sustainable green ecological balance.








This study’s findings indicate that the spatial distribution of NFCCs highly influences the equality level of urban open green space. However, the measures used by the official sector to select the NFCC are, at best, only marginally effective in promoting the spatial equality of green space. As a pioneering study at a national scale, this study provides results that should also help inform policymakers and urban planners about other factors important for achieving equity in urban green space to propose more comprehensive policy interventions to achieve equity in urban green space nationwide.
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Figure 1. The development period and related events of NFCCs. 
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Figure 2. Evolution of the NFCC evaluation system. 
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Figure 3. Number of NFCCs by time batch to date. 
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Figure 4. Flowchart of the study’s logic. 
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Figure 5. Spatial distribution of NFCCs. 
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Figure 6. Spatial distribution of NFCCs in terms of geographical divisions. 
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Figure 7. The Lorenz curves of the administrative areas’ NFCC distributions. 
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Figure 8. NFCC kernel densitometry (KDE) results. 
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Figure 9. The spatial distribution of NFCCs with topographic and elevation factors superimposed on the image. 
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Figure 10. The spatial distribution of NFCCs with climatic zone factors superimposed on the image. 
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Figure 11. The spatial distribution of NFCCs with population density factors superimposed on the image. 
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Figure 12. A scatter plot of each province’s national forest parks and NFCCs, produced by SPSS. 
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Figure 13. A scatter plot created using SPSS that compares the number of cities to the number of NFCCs. 
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Figure 14. Urban agglomeration characteristics overlaid on top of the NFCC geographical distribution. 
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Table 1. Evolution of the concept of an urban forest.
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	Publisher
	Year
	Area of Affiliation
	Connotation





	John F. Kennedy administration
	1962
	U.S.
	In a survey of outdoor recreation resources, the term “urban forest” is used for the first time to link the seemingly contradictory factors of city and forest together.



	Gene W. Grey
	1978
	U.S.
	Urban forests include street trees, parks, neighbourhood parks, and all trees in residential areas, all an important part of the urban environment.



	Robert W. Miller
	1980
	U.S.
	Forest cities should be the sum of all vegetation in densely populated areas and around the city, covering many areas including suburbs and metropolitan areas.



	Paul H. Gobster
	1994
	U.S.
	Urban forests are defined as all woody plants and their associated plants in cities and around densely populated areas, being the sum of a series of block stands.



	Andrea L. Flack
	1996
	DE
	The concept of an urban forest in a broad sense is put forward. An urban forest includes all the forests in and around a city.










 





Table 2. NFCC spatial distribution computed using the index.
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	No
	Operation
	Index





	1
	Nearest neighbour
	R = 0.728825



	2
	Geographic concentration
	G = 22.67066967



	3
	Imbalance
	S = 0.389480805



	4
	Kernel density estimation
	0.15~1.80










 





Table 3. Regional distribution number statistics of NFCCs.
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	No
	Administrative Region
	NFCC Amount
	Percentage/%
	Total Percentage/%





	1
	Shandong
	18.00
	8.22
	8.22



	2
	Zhejiang
	18.00
	8.22
	16.44



	3
	Henan
	17.00
	7.76
	24.20



	4
	Guangdong
	14.00
	6.39
	30.59



	5
	Jiangxi
	13.00
	5.94
	36.53



	6
	Sichuan
	12.00
	5.48
	42.01



	7
	Anhui
	12.00
	5.48
	47.49



	8
	Hubei
	11.00
	5.02
	52.51



	9
	Guangxi
	10.00
	4.57
	57.08



	10
	Fujian
	10.00
	4.57
	61.64



	11
	Jiangsu
	9.00
	4.11
	65.75



	12
	Hebei
	9.00
	4.11
	69.86



	13
	Shaanxi
	8.00
	3.65
	73.52



	14
	Liaoning
	8.00
	3.65
	77.17



	15
	Hunan
	8.00
	3.65
	80.82



	16
	Beijing
	7.00
	3.20
	84.02



	17
	Yunnan
	6.00
	2.74
	86.76



	18
	Chongqing
	6.00
	2.74
	89.50



	19
	Inner Mongolia
	5.00
	2.28
	91.78



	20
	Guizhou
	5.00
	2.28
	94.06



	21
	Jilin
	4.00
	1.83
	95.89



	22
	Xinjiang
	2.00
	0.91
	96.80



	23
	Shanxi
	2.00
	0.91
	97.72



	24
	Tibet
	1.00
	0.46
	98.17



	25
	Qinghai
	1.00
	0.46
	98.63



	26
	Ningxia
	1.00
	0.46
	99.09



	27
	Heilongjiang
	1.00
	0.46
	99.54



	28
	Gansu
	1.00
	0.46
	100.00



	29
	Tianjin
	0.00
	0.00
	100.00



	30
	Shanghai
	0.00
	0.00
	100.00



	31
	Macao
	0.00
	0.00
	100.00



	32
	Hong Kong
	0.00
	0.00
	100.00



	33
	Hainan
	0.00
	0.00
	100.00



	34
	Taiwan (R.O.C.)
	0.00
	0.00
	100.00










 





Table 4. Data displaying the distribution of NFCCs throughout the seven regions of China.
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	Division of Administration
	Quantity
	Percentage/%
	Total Percentage/%





	East
	80
	36.53%
	36.53%



	Central
	36
	16.44%
	52.97%



	Southwest
	30
	13.70%
	66.67%



	South
	24
	10.96%
	77.63%



	North
	23
	10.50%
	88.13%



	Northwest
	13
	5.94%
	94.06%



	Northeast
	13
	5.94%
	100.00%










 





Table 5. Data regarding the administrative regional distribution of NFCCs.
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Classification of Density

	
Quantity

	
Region of Administration

	
Zone of Kernel Density






	
Core-density

	
18

	
Zhejiang *

	
1.40–1.80




	
13

	
Jiangxi

	
1.00–1.40




	
10

	
Fujian

	
1.00–1.40




	
18

	
Shandong *

	
1.40–1.80




	
9

	
Jiangsu

	
1.00–1.40




	
12

	
Anhui

	
1.00–1.40




	
17

	
Henan *

	
1.40–1.80




	
2

	
Shanxi

	
1.00–1.40




	
High-density

	
7

	
Beijing *

	
1.00–1.40




	
9

	
Hebei

	
0.60–1.00




	
14

	
Guangdong *

	
1.00–1.40




	
6

	
Chongqing *

	
1.00–1.40




	
12

	
Sichuan

	
0.60–1.00




	
5

	
Guizhou

	
0.60–1.00




	
Medium-density

	
8

	
Hunan

	
0.60–1.00




	
10

	
Guangxi

	
0.60–1.00




	
11

	
Hubei

	
0.60–1.00




	
8

	
Liaoning

	
0.60–1.00




	
Low-density

	
8

	
Shaanxi

	
0.15–0.60




	
6

	
Yunnan

	
0.15–0.60




	
5

	
Inner Mongolia

	
0.15–0.60




	
4

	
Jilin

	
0.15–0.60




	
1

	
Heilongjiang

	
0.15–0.60




	
1

	
Gansu

	
0.15–0.60




	
1

	
Qinghai

	
0.15–0.60




	
1

	
Ningxia

	
0.15–0.60




	
2

	
Xinjiang

	
0.15–0.60




	
1

	
Tibet

	
0.15–0.60








* Symbolises the centre of the zone.













 





Table 6. GDP per capita and NLGCC share by province in 2021.
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	Region of Administration
	GDP per Capita (CNY)
	The Percentage of NFCC (%)





	Shandong
	85,973
	37.50%



	Zhejiang
	118,830
	51.43%



	Henan
	62,071
	44.74%



	Guangdong
	101,796
	25.93%



	Jiangxi
	71,009
	65.00%



	Sichuan
	67,785
	38.71%



	Anhui
	73,687
	54.55%



	Hubei
	92,170
	30.56%



	Guangxi
	52,215
	52.63%



	Fujian
	126,845
	43.48%



	Jiangsu
	144,475
	45.00%



	Hebei
	56,888
	26.47%



	Shaanxi
	82,885
	61.54%



	Liaoning
	68,515
	25.81%



	Hunan
	73,498
	27.59%



	Beijing
	190,091
	700.00%



	Yunnan
	61,736
	40.00%



	Chongqing
	90,688
	600.00%



	Inner Mongolia
	96,496
	26.32%



	Guizhou
	52,348
	38.46%



	Jilin
	55,033
	14.29%



	Xinjiang
	68,526
	11.11%



	Shanxi
	73,686
	9.09%



	Tibet
	58,269
	14.29%



	Qinghai
	60,776
	33.33%



	Ningxia
	69,925
	4.55%



	Heilongjiang
	50,883
	3.23%



	Gansu
	44,986
	7.14%










 





Table 7. The selection of influencing factors.
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Criterion Layer

	
Factor Layer






	
T1: Ecotope

	
X1: Forestry area




	
X2: Urban green space




	
X3: Park green area




	
X4: Number of parks




	
X5: Park area




	
X6: Green coverage rate of built-up area




	
X7: Forest coverage rate




	
X8: Number of national forest parks




	
X9: Number of national nature reserves




	
T2: Social economy

	
X10: Density of population




	
X11: GDP per capita




	
X12: Residents’ consumption level




	
T3: Traffic factor

	
X13: Rail mileage




	
X14: Highway mileage




	
T4: Cultural factor

	
X15: Number of tourist attractions




	
X16: Gross tourism income




	
X17: Tourist arrivals




	
T5: Public health

	
X18: Air quality (PM2.5 concentration)




	
X19: Category A and B statutory reporting of infectious disease incidence











 





Table 8. The selection of influencing factors.
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	Factor Layer
	q Statistic





	X1: Forestry area
	0.02



	X2: Urban green space
	0.62



	X3: Park green area
	0.56



	X4: Number of parks
	0.62



	X5: Park area
	0.48



	X6: Green coverage rate of built-up area
	0.32



	X7: Forest coverage rate
	0.43



	X8: Number of national forest parks
	0.52



	X9: Number of national nature reserves
	0.09



	X10: Density of population
	0.63



	X11: GDP per capita
	0.21



	X12: Residents’ consumption level
	0.35



	X13: Rail mileage
	0.12



	X14: Highway mileage
	0.26



	X15: Number of tourist attractions
	0.56



	X16: Gross tourism income
	0.53



	X17: Tourist arrivals
	0.36



	X18: Air quality (PM2.5 concentration)
	0.23



	X19: Category A and B statutory reporting of infectious disease incidence
	0.28
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