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Abstract

:

The study analyzes the distributional equity of urban green space (UGS) among different social groups across all urban areas in China. Urban green space is measured in two ways: Park area per capita and vegetation coverage ratio within 1.6 km and 3.2 km featuring different ecosystem services they provide. Multiple regression analyses are conducted to assess relationships between different groups (children, the elderly, and migrant populations) and distributed UGS. Largely consistent to other national level studies, the nationwide analytical results indicate emerging social inequality of UGS during the urbanization of China, with a few nuances. A bi-fold pattern is observed in our case: Whilst areas with higher portions of children and senior people have less parks and high vegetation coverage, a marginalized group—internal migrant people, have more parks and low vegetation coverage in their vicinities. The results of regression analyses in different regions further shed light on revealing disparities of UGS in areas with varying socioeconomic development levels, geographical features, and urbanization paces. The implication of the study informs the decision makers to incorporate spatial patterns of social groups into green space guidance and evaluation for the purpose of promoting more equal development of UGS.






Keywords:


urban green space; parks; vegetation coverage; environmental justice; urban area; distributional equity












1. Introduction


As more than half of the world’s population lives in urban areas [1], urban green space (UGS) is receiving increasing attention and has been widely implemented to reduce the negative impacts of urbanization [2,3,4]. UGS refers to vegetated open spaces including parks, forests, waterfronts, community gardens, and streets populated with trees that is useful for the ecosystem in multiple ways [5]. It is widely acknowledged that parks provide diverse outdoor recreational spaces that can promote visitors’ social interactions, physical wellness, and even mental wellness [2,6,7,8,9,10]. Forests, trees on streets, green roofs, and other forms of vegetation in UGS can improve environmental quality in different ways via air purification, runoff mitigation, water and soil conservation, heat-island effect reduction, and noise cancellation [11,12,13,14]. With such positive benefits, UGSs, particularly large iconic parks, are known to raise the value of neighboring land and housing prices [15,16,17]. Forming a natural element of the urban system, UGSs in the form of wetland and countryside forests also serve as key wildlife habitats and migration stepping-stones for conserving local and global biodiversity [18,19].



However, empirical evidence shows that UGSs are not evenly distributed among different socioeconomic and demographic subgroups defined by income level, age, education, racial and ethnic disparity, and even immigration status [4,20,21,22,23,24,25,26]. These disparities in UGS distribution are considered an environmental justice issue and cause many problems with respect to public health and gentrification [2,27]. Equal access to such spaces could promote residents’ wellbeing, which could particularly benefit lower-income, marginalized people [4,28]. Even though ideal equality might not be practical, localities with a higher proportion of marginal groups should have access to the same amount of UGS, no matter their socioeconomic and demographic attributes [4,29].



The social inequality characterizing green space distribution is a particularly urgent matter in China. The country now accommodates more than half its population in urban areas [30], and over the past two decades, many cities have strived to invest significantly in afforestation projects including building new parks, renaturing waterfronts and planting trees on streets [31]. Park area per capita has increased from 3.7 m2 in 2000 to 14.1 m2 in 2019, and green space per resident (including all types of vegetation) in urban areas has grown from 39.1 m2 in 2000 to 86.9 m2 in 2019 [32]. UGS in China is still underdeveloped compared to other countries: the U.S. reports an average parkland area of 214 m2 in its 100 largest cities in 2019 [33], and each urban dweller in Europe has, on average, 18 m2 of parkland [34]. Although the park area per capita in China (11 m2 in 2010) is similar to that in Japan (10 m2), the area itself is still considerably lesser in China considering Japan’s doubled population density [35]. Moreover, such non-spatially explicit indicators often adopted by official sectors for UGS evaluation cannot reflect the spatial patterns of green spaces [36]. Though the national standard for UGS evaluation utilizes the park buffer coverage ratio as an additional indicator for measuring spatial service capacity, this method cannot trace the spatial distribution of different social groups within a city [37].



In addition, rapid urbanization and the fast-evolving socioeconomic statuses that accompany it might further cause unequal UGS distributions among different social groups. Previously, following the legacy of socialist urban planning, UGS was emphasized as being evenly distributed among all city residents [38,39]. However, after establishing a freer land market economy in the 1990s, the mechanisms of UGS provisions have changed. As land leasing revenue is gradually becoming a major source of local governmental income, the planning of UGS is often geared toward generating more tangible profit [40]. To raise the land value and attract more real estate development, UGSs (particularly large parks) are encouraged to act as stimulators more than mere public amenities and components of the ecosystem. For example, the Beijing municipality built the largest forest park to host the 2008 Olympic Games and subsequently attracted numerous high-end real estate developments [17]. Some cities even adopted policies to relocate existing UGSs to further, less desirable areas so as to allocate more central urban spaces for profitable real estate development, such as Wuhan’s “occupation and compensation” policy [41]. As a result, the implementation of UGS is often spatially distorted within city boundaries and can lead to an uneven distribution among social groups signaling potential environmental injustice, while the total quantity of green space might meet the requirements of upper-level urban planning.



Indeed, the emerging empirical studies, though limited in number, have identified a disparity in UGS distributions in China informed by social inequality [38,39,42,43]. However, most of these studies focus on investigating individual cities. Additionally, due to the varying geographical, socioeconomic, and even historical contexts, as well as diverse research methods, scales, and definitions of UGSs, current studies conducted in Chinese cities often generate divergent conclusions. Some empirical evidence suggests that vulnerable people can access more UGS. For example, research in Shanghai found that marginalized groups tend to access parks more frequently [39,44]. In Hangzhou, the local government’s investment in building parks tends not to discriminate between any social groups [38]. Another group of researchers returned opposing observations. An investigation in Beijing claimed that poor people living in lower-priced communities have fewer parks around [42]. A similar study in Shenzhen indicates that the number of parks is limited in socioeconomically disadvantaged districts, demonstrating the existence of park inequality [43].



These inconsistent results pose a challenge for decision making, planning, and the management of UGS at both local and national levels. The guidelines, regulations, and standards of cities’ UGS planning are decided by national departments, and local governments are responsible for making and implementing these plans. Quantity based indicators such as green space coverage, park area per capita, the coverage ratio of park buffers, etc. within urban boundaries are emphasized in national regulations and standards to guide and evaluate local urban greening implementations [37,45]. However, these indicators are insufficient for promoting an equal intra-urban distribution of green space among different subgroups leading to the abovementioned undesirable outcomes; more parks or green spaces might be provided to certain people within a city. Without any proper understanding of UGS distribution among subgroups across the nation, China’s decision-makers might encounter difficulty in promoting location-sensitive policies and evaluation standards effective for guiding equal green space plans and implementations. Such challenges warrant a national-level analysis utilizing comprehensive data and spatially explicit measuring approaches involving different subgroups.



Thus far, current national-level studies related to UGS in China focus on describing the spatial-temporal dynamics of the volume and patterns of UGS [46,47,48], exploring relationships between vegetation composition and varying ecosystem services [49,50], and unraveling the impacts of socioeconomic factors on UGS provisions and implementation [40,51,52,53], which do not involve assessing the disparity of how UGS are distributed among different social groups. Another strand of literature utilizes big data, capturing people’s actual locations—via social media geolocation check-in or cellphone location data—as an indicator of residents’ actual use of or exposure to UGS [54]. Though individual location data can reflect how people actually use UGS, these approaches are often criticized due to the biased selection of the sample: poor members of the population, children, and older generations might have little access to such digital equipment, thus such measures cannot fully take account of the comprehensive UGS distribution for the total urban population [55].



To mind the abovementioned gaps, this paper uses the township as a basic unit (smallest census unit available) in China to measure UGS inequality among different subgroups across the country. We adopted two indicators to measure the distribution of UGS among urban dwellers: park area per capita and vegetation coverage ratio within 1.6 km and 3.2 km from the township centroid. The regional disparities in the inequality of UGS distribution are compared across varying levels of economic development, urbanization paces, and geographical conditions of cities in different regions [52]. The research paints a broad picture of the current distributional equity of UGS to inform the nation’s decision-makers in promoting location-specific and user-oriented evaluation and guiding standards in order to pursue equally distributed UGS in different subgroups and to mitigate environmental injustice at large.




2. Data and Methods


2.1. Data Collection and Handling


2.1.1. Study Area


The paper focuses on urban areas in China. Within an administrative border of a city, there are different types of subdistricts (townships) such as one or more central urban or town, populated urban-rural, rural, and nonresidential preserved subdistricts [56]. The township is the smallest census unit available with records of socioeconomic and demographic data. An area can be classified as urban based on the official urban-rural code, which is separately documented in the subunits of townships (but these subunits’ census records are not available). For example, a township is comprised of several smaller level communities (e.g. Juweihui in an urban area, Cunweihui in a rural area, etc. in Chinese), some of which are classified as urban and others rural. To filter urban areas, we include those township census units whose subunits are all coded as “urban core”, “town core”, “urban-rural fringe”, or “town-rural fringe” [57]. This approach includes fully developed central urban areas as well as the urban edges—the frontline of urban expansion. Considering the rapid urbanization of the past two decades, it is possible that the official codes might not fully capture the urbanized areas in China. To avoid this gap, we adopted two additional metrics to determine urban areas: one, according to a previous study [58], uses a population density of 1,000 people per km2 of township area, and the population density comes from a Landscan project [59]; the other selects the townships within urban land use borders based on satellite images [60]. Townships that met at least one of the three metrics and had at least one park within 1.6 km from their centroid point were included in the final sample. A total of 6,178 townships were considered to be urban areas out of a total of 43,576 census units, and the population involved was 396.2 million people, accounting for 28.5% of the total population of China in 2010 [61]. See Figure 1 for the distribution of the selected townships as urban areas.




2.1.2. Distribution of Urban Green Space


This study measures the distribution of UGS with two approaches: (1) the parks area per capita and (2) the coverage of all kinds of vegetation. The first indicator measures general recreational services of green space given that parks are the major accessible vegetated spaces for people’s outdoor activities in Chinese cities. The vegetation coverage evaluates coverall quantity of green space at township level. See Figure 2 for the layered park and total vegetation coverage distribution using townships in Beijing as an example.



Parks


The park data are extracted from two commercial map guide service companies—Gaode Map and Google Earth. First, the geo-locations of parks are extracted from Gaode Map, which only records the locations and entrances of parks, classifying any “park” as a Point of Interest (POI). One of the most appealing features of POI data is that it helps to identify the park locations which are accessible to the public while filtering out other types of green spaces that are used exclusively by certain groups. Many well-designed gardens exist in gated residential communities, fenced university campuses, or governmental compounds in Chinese cities, but they serve only the residents who have access. Plus, the POI is the only available data at the national scale which records the geolocations of parks. To ascertain the border of each park, the authors manually traced park patches based on high-resolution satellite historical images (mostly in the year 2010) using Google Earth. Where the images from 2010 were not available, the images from the most recent available year have been applied (within the range 2003–2014). The borders of the parks have been determined by the coverage of vegetation on designed pavements, roads, and recreational areas according to the official standard definition of urban parks [62]. In sum, 21,506 park patches were found in China. The total area was 240,891 hectares in the year 2010, which is similar to the official data, which noted 258,000 hectares in 2010 [63].



We adopted a simple and straightforward approach to measuring the distribution of parks. The total area of parks within 0.8 km, 1.6 km, and 3.2 km from the centroids of townships were calculated and divided by the township population. This approach is considered a cumulative opportunity metric, which assumes that more nearby parks offer more usable opportunities [64]. We used 800 m as a minimal search distance referring to a walking time of 10 mins, which is derived from a wider range of minimal distances used in other countries and China’s official sectors. A coverage distance of 500 m is the common indicator adopted by official sectors to measure the service capacity of park implementation [37]. Cities in European countries and the U.S. adopt distances ranging from 300 m to 1000 m as a standard distance to parks from households [3,4,20]. Researchers also include 1600 m, using a walking time of 20 mins as a reasonable journey duration for traveling to parks [22,39], which is particularly applicable in dense Chinese cities as people tend to tolerate and undergo longer journeys to parks [39]. Given the popularity of biking in Chinese cities, scholars also adopt 3.2 km as a threshold for those who bike to parks [39]. The selection of these three threshold distances allows us to compare our findings with similar studies focused on individual cities [4,22,38,39,42].




Vegetation Coverage


In addition to parks, this study also calculated all kinds of green space relying on satellite images. To compare all urban areas across China, this study utilized preprocessed 30 m resolution Lantsat 7 ETM + images, which was composited by median observation imageries from a set of quality-assessed growing season observations of four spectrum bands, specifically Landsat bands 3(RED), 4 (NIR), 5 (SWIR), and 7 (SWIR) [65]. A Normalized Difference of Vegetation Index (NDVI) value was utilized to identify all types of green spaces again within 0.8 km, 1.6 km, and 3.2 km buffers from township centroids. The pixels with NDVI values larger than 0.1 were counted as green spaces following a previous study using the same dataset [66], and the coverage ratio was then calculated for each buffer distance.





2.1.3. Socioeconomic and Demographic Variables


To discern how UGSs are distributed for different urban residents, socioeconomic and demographic data were collected for each township using official population census data in 2010 [61]. Due to the availability of data, we selected three indicators: percentage of the population aged lower than 14, percentage of the population aged higher than 65, and percentage of the population with a non-local Hu Kou (Chinese household registration) representing children, seniors, and internal migrant residents from other cities. The older generation and children travel to or use green spaces in different ways. For example, older people tend not to travel longer distances to parks in Shanghai [67], and most elderly people walk or cycle to parks within 10 mins from their homes in Hong Kong [68]. A study shows most children’s outdoor activities are in non-green urban environments, but they engage in more intense activities in outdoor green spaces [69]. Even though income level is the most direct indicator of socioeconomic status, such data is not open to the public at the township level. Instead, we use the Hu Kou status—Chinese household registration—as many scholars indicate that non-local Hu Kou populations are largely involved in unskilled, low-paid jobs and often suffer from discrimination in formal sector job markets and have limited access to many public welfare programs [70,71,72], thus rendering them a disadvantaged group in many studies [38,39,43].



County-level (the upper level of townships) socioeconomic indicators [73] are collected as controlled variables, given that different socioeconomic groups might prioritize other urban amenities over green spaces. For example, households with children might favor living in areas with more educational resources. Similarly, older urban residents tend to live close to healthcare amenities. Internal migrants usually aggregate in areas with more job opportunities [74,75]. Although data directly reflecting these amenities do not exist at the county level, we include, as substitutes, the percentage of employees in the healthcare industry, education industry, and tier 2 and tier 3 industries. The first two from that list can reflect county-level education and healthcare resources. Migrant workers usually seek jobs in tier 2 (e.g. construction, manufacturing) and 3 (e.g. retail, catering) industries [75]. The average housing area per capita was used as a proxy for the county’s income level [38]. Unemployment rate and population density were included for general socioeconomic development. In addition to the statistics shown in Table 1, we included provincial dummies as a control for the province-specific effects and major ecological-geographical zones across which the studied townships were located. Four ecological-geographical zones are demarcated in China: the East China Monsoon Region, the West China Arid Region, the Qinghai-Tibet Plateau, and the South China Tropical Island Region, according to temperature, precipitation, and topography [76].





2.2. Analytical Methods


2.2.1. The Spatial Disparity of UGS Distribution across China


Box plots were applied to present a broad picture of UGS distribution measured at the township level [77]. The spread of UGS distribution is useful for detecting inequality between different regions for further investigation regarding the attributable socioeconomic variables [4]. UGS distribution was mapped out at the provincial level. The box plots were drawn in Stata 15 and the maps produced in ArcGIS 10.8.1.




2.2.2. Multiple Regression Analyses


Multiple linear regressions were performed to understand the overall relationships between different social groups and the distribution of UGSs nationwide based on the following equation:


  G r o u  p i  =    β 0  +  β 1  P A R  K i  +    β 2  V E G  E i  +   C O U N T Y +   P R O V + Z O N E +  ε i   



(1)




where   G r o u  p i    represents the percentage of children, senior, or non-local internal migrants at township  i ;    β 0    is the intercept;   P A R  K i    and   V E G  E i    are the area of park per capita and vegetation coverage;   C O U N T Y  ,   P R O V  , and   Z O N E   are county-level socioeconomic factors, province and eco-geographical are dummies; and  ε  is error term;   i = 1 ,   … ,   n   and  n  is the number of township. Considering the influence of outliers, we excluded observations in the 1st and 99th percentiles of the variable accessible park areas from our sample in the final model. Sensitivity analyses were conducted using three different urban area definitions as mentioned in Section 2.1.1.



To detect any regional disparity in distribution of UGSs among different people, the regression analyses were separately conducted in four subregions. According to the national economic development plan, there are four regions: the east-coastal region, the central region, the western region, and the northeastern region in China, which reflect different paces of socioeconomic development [78]. The economic growth, the influx of internal migrants, urban area, and rate of urban expansion decrease from east-coastal and central cities to northwestern and western ones [40,74,79,80].






3. Results and Discussion


3.1. The Distribution of UGS across China


At the national level, the median amount of accessible park area per person was 3.1 m2 at the 1.6 km threshold and 12.2 m2 at the 3.2 km threshold. The maps in Figure 3a,c present a spatial distribution of the median amount of accessible park area across provinces. Both maps show that the northeastern and western provinces tend to have a higher area of parks near urban dwellers. The maps in Figure 4a,c show the median amount of vegetation coverage across provinces, in which the eastern-coastal provinces have more coverage than others. The results at the 0.8 km threshold level were excluded because most township units returned a zero value. This is due to the fact that the size of a township unit ranges widely, from about 2 km2 to 10 km2 in Beijing, for example [56]. Therefore, using the centroid of township unit measurement might not capture enough parks within an 800 m distance.



Box plots depicting parks are shown in Figure 3b,d. The widest spread of people’s access to parks was seen in Jilin Province at both measuring distances, while the narrowest was in Hainan Province at the 1.6 km threshold and Xizang (Tibet) at 3.2 km. In Figure 4, the box plots b and d reflect the median values and the spread of vegetation coverage in different provinces, both of which vary a lot across different provinces. The box plots identify the spatial patterns of UGS distribution for townships across different provinces.



The distribution of UGS is associated with an area’s degree of urbanization and economic development. The highest median values of park area aggregates were at the less-developed northeastern and western provinces, while the more developed eastern-coastal and central cities reported a lower median park area (a and c in Figure 3). This observation aligns with a previous study, which evidences the fact that economically advanced cities often have a negative impact on park development [40]. Unfortunately, those cities with a high median amount of park area also had a wider spread at the township level, suggesting that these provinces might bear a more unequal distribution of parks across their urban areas. The economically more developed and more urbanized eastern-coastal and central provinces had higher median values regarding their vegetation coverage ratios. This echoed previous research claiming that UGS is positively related to economic development [24,40,51,80]. The southern provinces had higher vegetation coverage than the northern and western areas due to the influence of bio-geographical conditions such as precipitation and sunlight radiation, etc. [51].




3.2. How UGSs Are Distributed among Different Social Groups


3.2.1. Nationwide Regression Analyses


The results of the regression analysis using all urban township units is presented in Table 2. The VIF (variance inflation factor) results confirm that there is no significant multicollinearity across all models (1.03 to 6.83). Sensitivity analyses involving different definitions of urban areas show consistent results (see Appendix A). The nationwide coefficients between different social groups and urban green space distributions are also presented in Figure 5. At both the 1.6 km and 3.2 km thresholds, the percentage of children is negatively associated with the number of accessible park areas, but a positive correlation is found for vegetation coverage (Model 1 & 2). A higher percentage of seniors in a population was aligned with a higher amount of both park area and vegetation coverage, but the effect was nonsignificant for parks (Model 3 & 4). On the contrary, at both the 1.6 km and 3.2 km radiuses, the percentage of non-local internal migrant residents was positively and significantly associated with the amount of accessible park area, whilst this relationship was significantly negative with regards to vegetation coverage (Model 5 & 6). In addition to the directions of correlation, the percentage of non-local residents had the highest correlations with a value of 0.063 for park area measured at the 1.6 km threshold. The county-level socioeconomic factors presented as expected. Townships with a higher proportion of kids tended to aggregate in counties with superior educational resources, though this effect is statistically insignificant. This might be attributable to the indicator we used to gauge educational resource integrated higher education, which was not desirable amenities for families with kids under age 14. Older people tended to live in the counties where there were more healthcare resources. Non-local internal migrants were attracted to counties with more job opportunities in the tier 2 and 3 industries, as migrants are more likely to be employed in industries related to construction, manufacture, and other low-skill service occupations [75].



The nation-wide regression analysis suggested the existence of social inequality in distributed park areas among different groups of the population in China. A bi-fold outcome was observed in our study across all urban areas of China. On one hand, children and senior populations had fewer parks and more vegetation coverage around their homes. A lower amount of accessible park area among younger populations has been detected in other individual cities such as Shanghai [39]. On the other hand, another group of disadvantaged people measured by local household registration status tended to have more parks, despite the low vegetation coverage in the vicinity of their residences. While contrasting the observations made in some European countries such as Germany [20], our results are consistent with national scale studies conducted in the U.S., which indicate that disadvantaged urban residents (measured according to income and education level) are likely to have more access to parks [4]. Our results also support the empirical evidence established on Shanghai, in which the marginalized, non-local population have more access to park areas [39].



The bi-fold pattern UGS distribution might have been the result of a mixed interaction among demographic distribution, urban sprawl, land use, and UGS provision mechanisms in Chinese cities. As cities expand their footprints, migrant residents from the rural hinterlands seek homes in peripheral urban areas due to the increased job opportunities in the peripheries and the unaffordable housing prices in the central areas [43]. Besides this, studies have identified a growing aggregation of senior members of the population in urban centers such as Beijing, Shanghai, Wuhan, and Guangzhou [81]. At the same time, city governments are installing large parks in the outskirts of cities where land prices are lower and empty land is more available. This is might be attributable to the land-based financing mechanisms for local government income revenue [40]. Especially after the land market’s opening to the private sector in the late 1990s, local governments’ incomes are largely derived from land lease revenues, and thus most municipalities tend to lease high-price inner-city land to private developers to gain more tangible profits by building housing or commercial estates instead of parks [40,74]. However, to meet the demand of the planned park volume, the government often reclaims areas on the outskirts of cities that costs less than renaturing dense city cores [38,41]. As a result, the peripheral non-local migrant workers—a disadvantaged group—have more parks in the vicinity of their homes, while older generations in the city core tend to lack parks, even though such an outcome is not intended.



Although the elderly and children have access to less park area, the community-attached gardens in the gated residential estates (reflected by vegetation coverage in our case) in China might provide alternative green spaces for their daily use. Gated communities have become a prevailing housing typology in urban areas since the late 1990s, and most of these were designed with usable areas of affiliated green space and vegetation-covered playgrounds exclusively for those who have access to or live in the community [82]. However, both the quality and size of the affiliated gardens vary according to housing prices as well as their locations within a city [17,39]. Old people or children living in high-end communities might have sizable private green spaces within their gated estates [39], whilst those living in dilapidated housing communities tend to have less usable inner green space. The migrant residents mostly living in city peripheries can find more large areas of parks around, even though the low-cost communities in which they live might lack sufficient private gardens (low vegetation coverage). Extreme cases can be found within affordable, “urban village” style housing enclaves built upon villages at the edge of cities during the period of rapid urban sprawl; these are commonly very dense and have only a few green spaces reserved for dwellers’ exclusive usage [72].




3.2.2. Regional Comparison


Regression analysis was conducted in each of the four regions and the results are shown in Table 3. The coefficients between different social groups and urban green space distributions are also plotted in Figure 6 by regions. All three demographic and socioeconomic indicators showed similar trends in the national-level analysis, but their strength and statistical significances varied widely. In all four regions, there was a negative relationship between the proportion of the younger population and the amount of accessible park area, among which the east-coastal region had the strongest correlation. This suggested there might be a nationwide inadequacy of park areas for children. Despite the fact that higher proportions of children were associated with more vegetation coverage in the east-coastal and central regions, these effects were marginal in the western and northeastern regions.



The percentage of senior members of the population was marginally correlated with park areas in all four regions, except the central region, which showed a positive and significant value at the 3.2 km threshold only. However, a more accessible park area at the 3.2 km threshold might be less useful for older generations, the majority of whom prefer to travel shorter distances to visit parks [44,67]. The vegetation coverage ratio at the 1.6 km and 3.2 km thresholds was significantly positively correlated with the proportion of older members of the population in all four regions. One possible explanation for this is the existence of well-greened urban centers. Cities with a longer history tend to have centers packed with historical green spaces [39], most of which are close to the homes of the elderly. The geographical pattern of cities—for example, a mountain in the middle of a city or a river passing through an urban center—might also contribute to more green spaces within the city center where more old people live, as these natural elements are often conserved as part of UGSs [81,83].



It is interesting to note that the proportion of non-local residents is significantly positively correlated with accessible park areas across the east-coastal and central regions. This further supports the trend of migrant workers clustering in suburban areas with more parks. The east-coastal and central cities have experienced the largest urban expansion in the past two decades, accumulating a large number of migrant workers from the western hinterland into the urban edge in the east-coastal and central cities [74,79]. In addition, urbanization has a longer history in these regions, which has left these already densified urban centers unable to accommodate both the influx of migrant populations and the installation of new parks. The pursuit of leasing expensive inner-city land to private sectors for profitable real estate development further drives local governments to install parks at the edge of the city, where the land is cheaper. However, vegetation coverage was negatively associated with the proportion of non-local migrant members of the population in all regions. This is likely because the disadvantaged migrant population, which is often comprised of low-income and less-skilled workers, might prioritize affordable housing and working opportunities over access to parks [71,75]. As a consequence, they tend to cluster in areas with less green space (captured as low vegetation coverage) in the dense affordable residential communities mentioned above.





3.3. Limitations and Areas for Future Research


The data used to calculate UGS distribution might serve as a potential limitation. The commercial map of POI data is unable to record pocket gardens and narrow linear waterfront and street-side public spaces, which provide residents with small but usable green spaces. To fill this gap, we calculated vegetation coverage using 30 m resolution satellite images. Still, using the NDVI to extract vegetation pixels could be subject to some inaccuracy. Even though the growing season Landsat imageries were selected, the 30 m resolution might overlook UGSs such as recently planted small street trees. However, we use the most comprehensive and consistent data to cover entire urban areas across the country. Given the census data availability, only three indicators were used to filter different social groups. The resolution of the socioeconomic dataset can hardly discern any finer grain (community or building level) socio-spatial disparity among urban populations. If it becomes available in the future, more systematic data in smaller census units with detailed socioeconomic information can be used to examine the (in)equality of UGS distribution in greater depth.



This study focuses on distributional equity of UGS in China. As many scholars argue, an equal spatial pattern does not constitute an equal process of UGS distribution [29,84]. Other factors such as the historical legacy of urban land use and planning, preexisting social segregation, and park funding mechanisms might all influence the UGS distributional patterns as urbanization continues [4,29,85,86]. This goes beyond the scope of our study but certainly highlights a new direction for future research, particularly in Chinese cities where the greening mechanisms and urbanization histories are vastly different from their Western counterparts. Lastly, we used a place-based indicator to measure park area and vegetation coverage. Yet, these metrics could not capture people’s perceptions toward UGSs nor their actual usage, as socioeconomic and psychological statuses might be influential in the process of analyzing actual usage [2,87]. A nation-wide survey or interviewing process might uncover such differences.





4. Conclusions


This study explores how UGS is distributed among different social groups at a relatively fine-grain township level across China. To the best of our knowledge, this is the first study to analyze all urban areas across the country, through which the emerging UGS inequality in Chinese cites is identified in terms of a few nuances examined in similar national studies worldwide. Our results indicate a bi-fold outcome of UGS distribution; the areas with higher portions of younger and senior populations tend to have fewer parks but more vegetation around their homes, while internal migrant residents—one vulnerable group—settle in areas with more park areas but with low nearby vegetation coverage. The regional comparison further highlights that a disparity of UGS distribution might reveal itself in areas with varying economic development and rates of urbanization. Such outcomes might result from interaction among different factors including land use, park funding mechanisms, green space planning, and regulations. At large, the regional comparison serves to expand our understanding of environmental justice issues with regards to UGS by drawing up a national-level study from a developing country that is concurrently experiencing rapid urban expansion and growing UGS investment.



These bi-fold results of diverging UGS distribution among different socioeconomic groups of people call for more location-oriented and user-specific afforestation guidance and evaluation standards. Instead of relying on traditional quantity-based indicators (such as green space per capita within city borders) to guide and assess UGS provision [37], integrating intra-urban spatial distributions of green space and the patterns of different residents into current planning regulations, guidelines, and evaluation processes could assist in reducing any potential (un)equal distribution of UGS, thus providing equal green space opportunities for urban dwellers. Additionally, decision-makers and planners should be alerted to the fact that afforestation processes that seek to mitigate inequality can generate undesirable outcomes such as gentrification, which hamper the positive effects of high park areas near marginal groups, particularly the non-local migrant people [2,17,88,89,90,91]. In order to avoid jeopardizing the equality of future UGS planning outcomes, potential factors causing inequality in UGS distribution—such as funding mechanisms, historical land use, and/or green space management—ought to be incorporated into the UGS distribution process; this will, however, require further nuanced studies on the detailed mechanisms driving UGS distribution outcomes.
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Table A1. Sensitive analysis: regression for entire country using townships with population density larger than 1000 per km2.






Table A1. Sensitive analysis: regression for entire country using townships with population density larger than 1000 per km2.














	VARIABLES
	Model 1

Percentage of People under Age 14
	Model 2

Percentage of People under Age 14
	Model 3

Percentage of People above Age 65
	Model 4

Percentage of People above Age 65
	Model 5 Percentage of Internal Migrant Population
	Model 6 Percentage of Internal Migrant Population





	Park area accessible within 1.6 km
	−0.019 ***
	
	0.001
	
	0.064 ***
	



	
	(0.002)
	
	(0.002)
	
	(0.009)
	



	Vegetation coverage rate within 1.6 km
	0.005 *
	
	0.025 ***
	
	−0.201 ***
	



	
	(0.003)
	
	(0.003)
	
	(0.015)
	



	Park area accessible within 3.2 km
	
	−0.007 ***
	
	0.002 ***
	
	0.016 ***



	
	
	(0.001)
	
	(0.001)
	
	(0.004)



	Vegetation coverage rate within 3.2 km
	
	0.012 ***
	
	0.018 ***
	
	−0.199 ***



	
	
	(0.003)
	
	(0.003)
	
	(0.015)



	Average housing area per capita
	−0.010
	−0.008
	0.023 ***
	0.019 **
	−0.072 *
	−0.066



	
	(0.008)
	(0.008)
	(0.008)
	(0.008)
	(0.042)
	(0.042)



	Unemployment rate
	0.041 ***
	0.038 ***
	0.132 ***
	0.135 ***
	−0.690 ***
	−0.700 ***



	
	(0.008)
	(0.008)
	(0.008)
	(0.008)
	(0.042)
	(0.042)



	Percentage of employed in education industry
	−0.019
	−0.009
	−0.452 ***
	−0.440 ***
	1.376 ***
	1.286 ***



	
	(0.040)
	(0.039)
	(0.039)
	(0.039)
	(0.215)
	(0.215)



	Percentage of employed in health industry
	0.151 *
	0.124
	0.764 ***
	0.744 ***
	−4.551 ***
	−4.242 ***



	
	(0.077)
	(0.076)
	(0.077)
	(0.076)
	(0.420)
	(0.421)



	Percentage of employed in 2nd tier industry
	−0.063 ***
	−0.060 ***
	−0.032 ***
	−0.033 ***
	0.394 ***
	0.379 ***



	
	(0.003)
	(0.004)
	(0.003)
	(0.004)
	(0.019)
	(0.019)



	Percentage of employed in 3rd tier industry
	−0.093 ***
	−0.085 ***
	−0.020 ***
	−0.017 ***
	0.553 ***
	0.493 ***



	
	(0.004)
	(0.004)
	(0.004)
	(0.004)
	(0.023)
	(0.024)



	Log of Population density in 2010
	−0.403 ***
	−0.316 ***
	0.730 ***
	0.632 ***
	−2.159 ***
	−1.942 ***



	
	(0.056)
	(0.054)
	(0.055)
	(0.054)
	(0.304)
	(0.298)



	
	
	
	
	
	
	



	Constant
	18.710 ***
	17.356 ***
	−0.195
	0.456
	60.569 ***
	63.346 ***



	
	(0.747)
	(0.751)
	(0.742)
	(0.750)
	(4.066)
	(4.130)



	
	
	
	
	
	
	



	Observations
	4928
	4910
	4928
	4910
	4928
	4910



	R-squared
	0.563
	0.564
	0.301
	0.302
	0.385
	0.383



	Province Dummy
	YES
	YES
	YES
	YES
	YES
	YES



	Ecozone Dummy
	YES
	YES
	YES
	YES
	YES
	YES







Standard errors in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1. Observations are excluded in the 1st and 99th percentiles of the variable accessible park areas in 1.6 km and 3.2 km.
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Table A2. Sensitive analysis: regression for entire country using townships within urban land use.






Table A2. Sensitive analysis: regression for entire country using townships within urban land use.














	VARIABLES
	Model 1

Percentage of People under Age 14
	Model 2

Percentage of People under Age 14
	Model 3

Percentage of People above Age 65
	Model 4

Percentage of People above Age 65
	Model 5 Percentage of Internal Migrant Population
	Model 6 Percentage of Internal Migrant Population





	Park area accessible within 1.6 km
	−0.019 ***
	
	0.002
	
	0.061 ***
	



	
	(0.002)
	
	(0.002)
	
	(0.010)
	



	Vegetation coverage rate within 1.6 km
	0.006 *
	
	0.019 ***
	
	−0.186 ***
	



	
	(0.003)
	
	(0.003)
	
	(0.016)
	



	Park area accessible within 3.2 km
	
	−0.007 ***
	
	0.001
	
	0.020 ***



	
	
	(0.001)
	
	(0.001)
	
	(0.004)



	Vegetation coverage rate within 3.2 km
	
	0.013 ***
	
	0.013 ***
	
	−0.177 ***



	
	
	(0.003)
	
	(0.003)
	
	(0.016)



	Average housing area per capita
	−0.017 **
	−0.018 **
	0.020 **
	0.016 **
	−0.038
	−0.025



	
	(0.008)
	(0.008)
	(0.008)
	(0.008)
	(0.044)
	(0.044)



	Unemployment rate
	0.025 ***
	0.026 ***
	0.125 ***
	0.126 ***
	−0.614 ***
	−0.628 ***



	
	(0.008)
	(0.008)
	(0.008)
	(0.008)
	(0.044)
	(0.044)



	Percentage of employed in education industry
	0.014
	0.017
	−0.468 ***
	−0.457 ***
	1.214 ***
	1.134 ***



	
	(0.041)
	(0.041)
	(0.041)
	(0.041)
	(0.224)
	(0.224)



	Percentage of employed in health industry
	0.153 *
	0.121
	0.852 ***
	0.842 ***
	−4.902 ***
	−4.622 ***



	
	(0.080)
	(0.080)
	(0.079)
	(0.079)
	(0.435)
	(0.435)



	Percentage of employed in 2nd tier industry
	−0.065 ***
	−0.061 ***
	−0.032 ***
	−0.033 ***
	0.412 ***
	0.397 ***



	
	(0.004)
	(0.004)
	(0.004)
	(0.004)
	(0.020)
	(0.020)



	Percentage of employed in 3rd tier industry
	−0.091 ***
	−0.083 ***
	−0.020 ***
	−0.018 ***
	0.563 ***
	0.510 ***



	
	(0.004)
	(0.005)
	(0.004)
	(0.004)
	(0.024)
	(0.025)



	Log of Population density in 2010
	−0.167 ***
	−0.120 ***
	0.565 ***
	0.502 ***
	−2.027 ***
	−1.825 ***



	
	(0.041)
	(0.040)
	(0.041)
	(0.039)
	(0.222)
	(0.216)



	Constant
	17.224 ***
	16.226 ***
	0.907
	1.447 **
	59.055 ***
	61.129 ***



	
	(0.696)
	(0.703)
	(0.690)
	(0.694)
	(3.781)
	(3.831)



	Observations
	4613
	4606
	4613
	4606
	4613
	4606



	R-squared
	0.564
	0.564
	0.310
	0.312
	0.383
	0.382



	Province Dummy
	YES
	YES
	YES
	YES
	YES
	YES



	Ecozone Dummy
	YES
	YES
	YES
	YES
	YES
	YES







Standard errors in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1. Observations are excluded in the 1st and 99th percentiles of the variable accessible park areas in 1.6 km and 3.2 km.
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Table A3. Sensitive analysis: regression for entire country using townships officially coded as urban.
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	VARIABLES
	Model 1

Percentage of People under Age 14
	Model 2

Percentage of People under Age 14
	Model 3

Percentage of People above Age 65
	Model 4

Percentage of People above Age 65
	Model 5 Percentage of Internal Migrant Population
	Model 6 Percentage of Internal Migrant Population





	Park area accessible within 1.6 km
	−0.020 ***
	
	0.007 ***
	
	0.039 ***
	



	
	(0.002)
	
	(0.002)
	
	(0.012)
	



	Vegetation coverage rate within 1.6 km
	0.001
	
	0.010 ***
	
	−0.129 ***
	



	
	(0.003)
	
	(0.003)
	
	(0.016)
	



	Park area accessible within 3.2 km
	
	−0.009 ***
	
	0.003 ***
	
	0.015 ***



	
	
	(0.001)
	
	(0.001)
	
	(0.005)



	Vegetation coverage rate within 3.2 km
	
	0.011 ***
	
	0.000
	
	−0.115 ***



	
	
	(0.003)
	
	(0.003)
	
	(0.018)



	Average housing area per capita
	0.008
	0.008
	−0.016 *
	−0.019 *
	0.074
	0.075



	
	(0.010)
	(0.010)
	(0.010)
	(0.010)
	(0.053)
	(0.053)



	Unemployment rate
	−0.011
	−0.009
	0.170 ***
	0.170 ***
	−0.805 ***
	−0.820 ***



	
	(0.009)
	(0.009)
	(0.009)
	(0.009)
	(0.047)
	(0.047)



	Percentage of employed in education industry
	−0.034
	−0.028
	−0.442 ***
	−0.439 ***
	1.255 ***
	1.250 ***



	
	(0.038)
	(0.038)
	(0.040)
	(0.040)
	(0.212)
	(0.212)



	Percentage of employed in health industry
	0.217 ***
	0.189 **
	0.727 ***
	0.740 ***
	−4.365 ***
	−4.243 ***



	
	(0.075)
	(0.075)
	(0.079)
	(0.079)
	(0.417)
	(0.419)



	Percentage of employed in 2nd tier industry
	−0.048 ***
	−0.045 ***
	−0.034 ***
	−0.036 ***
	0.336 ***
	0.330 ***



	
	(0.004)
	(0.004)
	(0.004)
	(0.004)
	(0.023)
	(0.023)



	Percentage of employed in 3rd tier industry
	−0.073 ***
	−0.067 ***
	−0.024 ***
	−0.026 ***
	0.508 ***
	0.476 ***



	
	(0.004)
	(0.005)
	(0.005)
	(0.005)
	(0.024)
	(0.025)



	Log of Population density in 2010
	−0.178 ***
	−0.118 ***
	0.498 ***
	0.424 ***
	−2.118 ***
	−1.828 ***



	
	(0.037)
	(0.035)
	(0.039)
	(0.037)
	(0.207)
	(0.197)



	Constant
	17.045 ***
	16.057 ***
	1.946 **
	2.857 ***
	64.714 ***
	64.186 ***



	
	(0.732)
	(0.740)
	(0.769)
	(0.773)
	(4.055)
	(4.116)



	Observations
	3905
	3924
	3905
	3924
	3905
	3924



	R-squared
	0.531
	0.533
	0.344
	0.348
	0.345
	0.341



	Province Dummy
	YES
	YES
	YES
	YES
	YES
	YES



	Ecozone Dummy
	YES
	YES
	YES
	YES
	YES
	YES







Standard errors in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1. Observations are excluded in the 1st and 99th percentiles of the variable accessible park areas in 1.6 km and 3.2 km.
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Figure 1. Study area and urban census units (townships) in four regions of China. 
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Figure 2. Townships defined as urban area and urban green space (UGS) distributions in Beijing. 
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Figure 3. Provincial disparities of park area (a uses 1.6 km and c uses 3.2 km) and box plots of park area by province (b uses 1.6 km and d uses 3.2 km). 
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Figure 4. Provincial disparities of vegetation coverage (a uses 1.6 km and c uses 3.2 km) and box plots of vegetation coverage by province (b uses 1.6 km and d uses 3.2 km). 
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Figure 5. Nationwide coefficients between different social groups and urban green space distributions. 
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Figure 6. Coefficients between different social groups and urban green space distributions by in four regions. 
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Table 1. Descriptive statistics of township-level social groups, urban green space distributions, and county-level socioeconomic attributes.
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Descriptions

	
Mean

	
S.D.

	
Min

	
Max






	
Dependent variables

	

	

	

	




	
Percentage of people under age 14 (%)

	
12.94

	
4.39

	
0.00

	
43.99




	
Percentage of people above age 65 (%)

	
8.40

	
3.36

	
0.00

	
27.77




	
Percentage of internal migrant population (%)

	
36.64

	
20.08

	
0.00

	
100.00




	
Independent variables (urban green space)

	

	

	

	




	
Park area accessible within 1.6 km buffer (m2/person)

	
115.51

	
4790.68

	
0.00

	
357,453.63




	
Park area accessible within 3.2 km buffer (m2/person)

	
260.23

	
7712.45

	
0.01

	
410,407.50




	
Vegetation coverage rate within 1.6 km buffer (%)

	
34.76

	
22.76

	
0.01

	
99.02




	
Vegetation coverage rate within 3.2 km buffer (%)

	
41.99

	
23.91

	
0.17

	
99.35




	
Independent variables (county level socioeconomic factors)




	
Average housing area per capita (m2)

	
30.23

	
7.13

	
10.51

	
68.46




	
Unemployment rate (%)

	
37.56

	
10.26

	
11.31

	
63.94




	
Percentage of employed in 2nd tier industry (%)

	
29.42

	
15.60

	
1.36

	
76.13




	
Percentage of employed in 3rd tier industry (%)

	
44.34

	
21.62

	
3.87

	
89.61




	
Percentage of employed in education industry (%)

	
3.46

	
1.89

	
0.31

	
13.85




	
Percentage of employed in health industry (%)

	
1.96

	
1.16

	
0.12

	
9.31




	
Population density (person per km2)

	
7046.97

	
8733.52

	
1.29

	
68,662.70








n = 6178.
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Table 2. Regression analysis for entire country.
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	VARIABLES
	Model 1

Percentage of People under Age 14
	Model 2

Percentage of People under Age 14
	Model 3

Percentage of People above Age 65
	Model 4

Percentage of People above Age 65
	Model 5 Percentage of Internal Migrant Population
	Model 6 Percentage of Internal Migrant Population





	Park area accessible within 1.6 km
	−0.020 ***
	
	0.002
	
	0.063 ***
	



	
	(0.002)
	
	(0.002)
	
	(0.009)
	



	Vegetation coverage rate within 1.6 km
	0.009 ***
	
	0.025 ***
	
	−0.197 ***
	



	
	(0.002)
	
	(0.002)
	
	(0.013)
	



	Park area accessible within 3.2 km
	
	−0.008 ***
	
	0.001
	
	0.023 ***



	
	
	(0.001)
	
	(0.001)
	
	(0.004)



	Vegetation coverage rate within 3.2 km
	
	0.015 ***
	
	0.020 ***
	
	−0.196 ***



	
	
	(0.003)
	
	(0.002)
	
	(0.014)



	Average housing area per capita
	−0.019 ***
	−0.018 **
	0.025 ***
	0.022 ***
	−0.065 *
	−0.058



	
	(0.007)
	(0.007)
	(0.007)
	(0.007)
	(0.039)
	(0.039)



	Unemployment rate
	0.032 ***
	0.030 ***
	0.127 ***
	0.131 ***
	−0.653 ***
	−0.670 ***



	
	(0.007)
	(0.007)
	(0.007)
	(0.007)
	(0.039)
	(0.039)



	Percentage of employed in education industry
	0.022
	0.031
	−0.474 ***
	−0.467 ***
	1.344 ***
	1.292 ***



	
	(0.038)
	(0.038)
	(0.036)
	(0.036)
	(0.204)
	(0.204)



	Percentage of employed in health industry
	0.146 *
	0.121
	0.860 ***
	0.841 ***
	−4.765 ***
	−4.528 ***



	
	(0.075)
	(0.075)
	(0.071)
	(0.071)
	(0.400)
	(0.400)



	Percentage of employed in 2nd tier industry
	−0.064 ***
	−0.062 ***
	−0.033 ***
	−0.033 ***
	0.377 ***
	0.365 ***



	
	(0.003)
	(0.003)
	(0.003)
	(0.003)
	(0.017)
	(0.018)



	Percentage of employed in 3rd tier industry
	−0.094 ***
	−0.085 ***
	−0.019 ***
	−0.016 ***
	0.560 ***
	0.501 ***



	
	(0.004)
	(0.004)
	(0.004)
	(0.004)
	(0.022)
	(0.022)



	Log of Population density in 2010
	−0.116 ***
	−0.089 ***
	0.499 ***
	0.432 ***
	−2.047 ***
	−1.753 ***



	
	(0.033)
	(0.032)
	(0.031)
	(0.030)
	(0.176)
	(0.169)



	Constant
	16.958 ***
	16.120 ***
	1.252 **
	1.646 ***
	61.265 ***
	62.863 ***



	
	(0.617)
	(0.617)
	(0.582)
	(0.584)
	(3.274)
	(3.300)



	Observations
	6055
	6055
	6055
	6055
	6055
	6055



	R-squared
	0.534
	0.535
	0.291
	0.291
	0.370
	0.368



	Province dummy
	YES
	YES
	YES
	YES
	YES
	YES



	Ecozone dummy
	YES
	YES
	YES
	YES
	YES
	YES







Standard errors in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1. 123 observations are excluded in the 1st and 99th percentiles of the variable accessible park areas in 1.6 km and 3.2 km.
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Table 3. Regional comparison.






Table 3. Regional comparison.














	East-Coastal
	
	
	
	
	
	





	VARIABLES
	Under

age 14
	Under age 14
	Above age 65
	Above age 65
	Non-local migrant
	Non-local migrant



	Park area accessible within 1600 m
	−0.024 ***
	
	0.001
	
	0.120 ***
	



	
	(0.003)
	
	(0.003)
	
	(0.016)
	



	Vegetation coverage rate within 1600 m
	0.008 **
	
	0.031 ***
	
	−0.218 ***
	



	
	(0.003)
	
	(0.004)
	
	(0.020)
	



	Park area accessible within 3200 m
	
	−0.011 ***
	
	−0.002
	
	0.049 ***



	
	
	(0.001)
	
	(0.001)
	
	(0.006)



	Vegetation coverage rate within 3200 m
	
	0.013 ***
	
	0.025 ***
	
	−0.201 ***



	
	
	(0.004)
	
	(0.004)
	
	(0.022)



	Constant
	17.365 ***
	16.160 ***
	−2.369 **
	−2.149 **
	78.565 ***
	81.506 ***



	
	(0.877)
	(0.887)
	(0.962)
	(0.987)
	(5.065)
	(5.204)



	Observations
	2550
	2543
	2550
	2543
	2550
	2543



	R-squared
	0.544
	0.550
	0.341
	0.341
	0.458
	0.457



	Central
	
	
	
	
	
	



	VARIABLES
	Under

age 14
	Under age 14
	Above age 65
	Above age 65
	Non-local migrant
	Non-local migrant



	Park area accessible within 1600 m
	−0.024 ***
	
	0.003
	
	0.098 ***
	



	
	(0.003)
	
	(0.003)
	
	(0.016)
	



	Vegetation coverage rate within 1600 m
	0.022 ***
	
	0.019 ***
	
	−0.201 ***
	



	
	(0.006)
	
	(0.004)
	
	(0.027)
	



	Park area accessible within 3200 m
	
	−0.010 ***
	
	0.003 **
	
	0.033 ***



	
	
	(0.001)
	
	(0.001)
	
	(0.007)



	Vegetation coverage rate within 3200 m
	
	0.032 ***
	
	0.016 ***
	
	−0.235 ***



	
	
	(0.006)
	
	(0.005)
	
	(0.030)



	Constant
	21.755 ***
	20.147 ***
	0.562
	0.693
	45.212 ***
	51.677 ***



	
	(1.010)
	(1.077)
	(0.783)
	(0.826)
	(4.811)
	(5.173)



	Observations
	1457
	1454
	1457
	1454
	1457
	1454



	R-squared
	0.411
	0.408
	0.177
	0.174
	0.205
	0.191



	Western
	
	
	
	
	
	



	VARIABLES
	Under

age 14
	Under age 14
	Above age 65
	Above age 65
	Non-local migrant
	Non-local migrant



	Park area accessible within 1600 m
	−0.022 ***
	
	0.001
	
	0.011
	



	
	(0.004)
	
	(0.003)
	
	(0.018)
	



	Vegetation coverage rate within 1600 m
	0.002
	
	0.018 ***
	
	−0.185 ***
	



	
	(0.006)
	
	(0.005)
	
	(0.029)
	



	Park area accessible within 3200 m
	
	−0.008 ***
	
	0.002
	
	−0.001



	
	
	(0.002)
	
	(0.001)
	
	(0.008)



	Vegetation coverage rate within 3200 m
	
	0.004
	
	0.016 ***
	
	−0.171 ***



	
	
	(0.006)
	
	(0.005)
	
	(0.030)



	Constant
	24.167 ***
	23.807 ***
	1.750 **
	1.826 **
	39.978 ***
	39.839 ***



	
	(0.877)
	(0.874)
	(0.765)
	(0.765)
	(4.226)
	(4.244)



	Observations
	1296
	1303
	1296
	1303
	1296
	1303



	R-squared
	0.477
	0.477
	0.191
	0.192
	0.343
	0.337



	Northeastern
	
	
	
	
	
	



	VARIABLES
	Under

age 14
	Under age 14
	Above age 65
	Above age 65
	Non-local migrant
	Non-local migrant



	Park area accessible within 1600 m
	−0.001
	
	−0.001
	
	−0.014
	



	
	(0.003)
	
	(0.003)
	
	(0.019)
	



	Vegetation coverage rate within 1600 m
	−0.011 **
	
	0.031 ***
	
	−0.103 ***
	



	
	(0.005)
	
	(0.006)
	
	(0.035)
	



	Park area accessible within 3200 m
	
	−0.001
	
	0.001
	
	−0.008



	
	
	(0.001)
	
	(0.001)
	
	(0.008)



	Vegetation coverage rate within 3200 m
	
	0.003
	
	0.015 **
	
	−0.097 ***



	
	
	(0.005)
	
	(0.006)
	
	(0.036)



	Constant
	16.494 ***
	14.210 ***
	3.209 *
	5.672 ***
	12.686
	12.618



	
	(1.396)
	(1.458)
	(1.694)
	(1.790)
	(9.488)
	(9.866)



	Observations
	752
	755
	752
	755
	752
	755



	R-squared
	0.262
	0.264
	0.216
	0.199
	0.193
	0.190







Standard errors in parentheses; *** p < 0.01, ** p < 0.05, and * p < 0.1; and county control variables, provincial and eco-geographical zone dummies are included but not reported.
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