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Abstract: Urban open public spaces that provide multiple services for residents are essential for
improving life quality and urban ecosystem function and promoting healthy development, the safety
of human settlements and the sustainable development of urban cities. Based on Sustainable
Development Goal 11.7 of the United Nations (UN) 2030 Agenda, this study combines the big earth
data with the Theil index, a coefficient of variation and Exploratory Spatial Data Analysis (ESDA)
to analyze the regional differences and spatial distribution of urban open public space in 2015 for
China, and uses the geographical detector to identify key factors that affect the distribution of open
public spaces. The results show that (1) open public space scales in provincial-level cities have an
‘East—Central-West’ low-lying land pattern in spatial distribution, where the eastern region has a
relatively larger open public space scale. (2) In the prefecture-level cities, the open public space scale
increases with an increase in city size and economic development level, and the differences in urban
open public space reduce with an increase in city size and increase with a decrease in the economic
development level. (3) Factors including economic development level, residents’ living standards,
the urbanization level and the population size have sound explanatory powers in varying degrees on
the scale of open public spaces; interactions between these factors have improved the explanatory
power of the scale of urban open public space.

Keywords: open public space; regional differences; influencing factors; sustainable development
goals (SDGs); China

1. Introduction

With the implementation of modern spatial planning policies and management, the role of open
public space in urban life has undergone a qualitative change [1]. Such changes not only contribute
to the improvement of the living environment and the city quality and meet the psychological and
physical health needs of residents [2], but also facilitate the long-term sustainable development of
cities. Currently, more than 50% of the world population lives in urban areas [3], and it is estimated
that the population living in urban areas will reach 66% by 2050 [4]. The urban areas in developing
countries will expand by three times by 2030 [5]. The urbanization rate in China has also increased
from 17.92% in 1978 to more than 59.58% in 2018. It is estimated that the urbanization rate will reach
70% by 2030 and will exceed 80% by 2050 [6]. However, in the process of rapid urbanization, a series of
severe challenges, such as energy consumption, carbon emissions, urban heat island effect, and traffic
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congestion, threaten the sustainable development of cities [7]. To this end, “Transforming our World:
The 2030 Agenda for Sustainable Development” sets Sustainable Development Goal 11 (SDG11) on
sustainable cities and communities, which, as clearly stated, need to “provide universal access to
safe, inclusive, accessible, and open public space, in particular for women, children, older persons
and persons with disabilities” (SDG11.7) [8]. The New Urban Agenda also proposes the building of
sustainable cities and human settlements for all residents, and highlights the role of public spaces [9].
Understanding the regional differences and spatial distribution of open public spaces in cites could
help very much in future decision-making processes about urban management. Thus, it is urgent to
identify the regional differences and spatial distribution of urban open public space and its influencing
factors to support the goals of SDG2030.

A large number of studies have focused on the supply of urban green space, the green accessibility
index, the availability of green space, and the impact of open space on sustainability [10-14].
For example, Henry et al. [10] analyzed the difference between green space supplies for major cities in
Germany and found that urban green space supply is related to household income, age and education
level, and this study will provide a reference for the analysis of influencing factors. Fan etal. [11]
analyzed the spatial distribution of the green accessibility index and the spatial distribution of cold
and hotspots. It was found that the green accessibility index of Shanghai city increased from 2000 to
2010, especially in Pudong and Baoshan district. Various methods of spatial analysis have been be
utilized in the following studies. Kabisch et al. [12] used land usage and population data to assess the
availability of green space for 299 European Union cities, and showed that the availability in southern
European cities was below average, while the Nordic cities were the opposite. Bertram et al. [13] found
that the number of and distance between urban green spaces have a significantly inverse U-shape
effect on life satisfaction, and the results can help optimize green space to improve life satisfaction.
Kilnarova et al. [14] used data from observations, questionnaires and other ways to analyze the impact
of open space between residential buildings in three cities in central Europe on sustainability. This
approach and the survey data sources reveal the effects of public space at the micro scale. Aletta [15]
investigated an open public space used mainly as a pedestrian crossing to analyze the relationship
between the audio stimuli and peoples’ behaviors. Bahriny et al. [16] studied patterns of urban park
use and their relationship to factors of quality, and found that a combination of factors concerning the
quality of the parks, such as the presence of facilities, existence of water and other special attractions.
A key aspect is the difference between male and female users, with some parks being much less
well-used by women, which is relevant to SDG11.7.

In contrast, studies about open public space in China have come relatively late and mainly focused
on open public space comparison, urban green space, open space planning, urban green land and other
fields. For example, Wei et al. [2] proposed that open space planning should be incorporated into the
current planning system by interpreting the open public space planning standards of representative
cities, such as the United States, the United Kingdom, and Australia. Jiang et al. [17] studied the
domestic and overseas open space planning models, and divided the open spaces into three categories:
linkage, ecology and society. The study proposed planning principles for different types of open public
space. Yang [18] focused on the ‘living space’ of the metropolis, highlighting the life quality, and the
social and cultural connotations of the open space. Chen et al. [19] found that urban area spread
outward from the center and the urban green space had only slightly changed, but with fluctuations
over time. Li et al. [20] used the Web of Science database as a document search engine and used
knowledge map visualization software to analyze the core research clusters of open space in countries
outside China into four categories: ecological benefits of public space, public space and public health,
management of public space, and protection and value assessment. Jin et al. [21] found that the linear
open space in the center of street not only serves the pedestrians, but also connects a mass rapid
transit system to support sustainable transportation. Assessing the ecosystem services of green spaces
could be used to assist urban planners and policymakers to optimize urban green space structure and
composition to maximize ecosystem service provision [22].
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In current open public space studies for China, the unified measurement indicator is still missing,
and less attention is paid to the connotations and objectives of open public space in SDG11.7, which
makes the research results difficult to compare with other countries. The recent research focuses more
on green space but less on other types of open public space, such as streets or both types, which do not
cover the evaluation of SDG11.7. In addition, the existing studies mainly utilized statistical and survey
data; however, the spatial-temporal resolution and accuracy of these data are relatively low. Thus, it is
difficult to provide support for sustainability decision-making at higher resolutions. Moreover, the
existing studies focused more on the current situation and planning of open public space in a single city,
but less on the distribution of urban open public space from a multi-scale perspective, and more on the
impact of a single factor, but less on the interactions between different factors in urban public spaces.

Big earth data is being used in the evaluation of Sustainable Development Goals (SDGs) to meet
data acquisition challenges [23,24]. The research on open public space based on big earth data is not
only a prerequisite for pursuing a better and more efficient urban residential environment, but is
also the key to achieving the UN Sustainable Development Goals 3, 5, and 8, and plays a vital role
in the sustainable development of cities. In view of this, the indicators of SDG11.7, the Taylor index,
coefficient of variation, ESDA and the geographical detector based on big earth data, are all used in this
study to analyze the open public space of provincial and prefecture-level cities in China. The spatial
distribution and influencing factors are used to provide a reference for open public space planning and
the development of livable cities, and, finally, to achieve sustainable development in city. The main
objectives of this study are to (1) achieve the relevant indicator of the open public space scale by using
big earth data based on the connotations and goal of open public space in SDG11.7, (2) identify the
distribution of the scale of open public space in China, and (3) identify the key factors influencing the
differences in urban open public space.

2. Materials and Methods

2.1. Data Source

The open public spaces of this study include public green spaces, squares, and all levels of
roads (highway, national highway, provincial highway, county roads, township roads, and urban
streets). The data includes navigation and land use data with a 100-meter resolution for China in 2015.
The national navigation vector data was stored in the PostgreSQL database. The land use data was
generated by visual interpretation based on Landsat 8 images, including six primary types of cultivated
land, woodland, grassland, water, residential land and unused land, and 25 secondary types (the data
set is provided by the Data Center for Resources and Environmental Sciences, Chinese Academy of
Sciences (http://www.resdc.cn)). The population data, the per capita Gross Domestic Product (GDP),
the per capita disposable income, and the urbanization rate are derived from the statistical bulletins of
the local cities. Some of the data are derived from the provincial statistical yearbooks. The statistical
data are used for the analysis of influential factors on open public space.

2.2. Methods

2.2.1. Measurement of Urban Open Public Space

The urban public open space mainly reflects the living comfort and quality of a city. Based on
the target of SDG11.7.1, this study mainly measures the proportion of urban open public spaces from
public green spaces, parks, squares and roads. The ‘urban land” sub-category is extracted from the land
use data to establish the spatial database of the national built-up area. Open public spaces (including
public green spaces and squares), and road data at all levels (e.g., highway, national highway, provincial
highway, county road, township road, and urban streets) are extracted from national navigation vector
data within urban boundaries defined by built-up areas. Road data is converted from line to polygon
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structure according to Chinese road width specifications (Table 1). According to the metadata of
SDG11.7.1, the formula is defined as follows [25]:

. Si—green space + Si-road

)

Sbuild—up

where P; is the proportion of open public space at kilometer grid scale, S;_gseen space is the area of public
green spaces and squares at kilometer grid scale, S;_,,,4 is the area of roads at kilometer grid scale,
and Spyiig—yp is the urban built-up area. The road widths used in this study are listed in Table 1.

Table 1. The road widths used in this study.

Road . National  Provincial County Township . Pedestrian
Level High Way Road Road Road Road City Street Path
Width (m) 50 40 30 30 25 15 10

The specific calculation process is described in the following way (Figure 1): (1) a national
kilometer grid is generated, and a Fishnet function is defined. The grid transformation method is
then used to generate the national kilometer grid. (2) The national grid is overlapped with the spatial
data of the public green space to generate the kilometer grid spatial data of the public green space.
(3) High-speed, provincial, county, and other urban roads are converted into polygon data according
to national road construction width specifications. This data is then overlapped with a national grid
to generate kilometer grids of road spatial data. (4) Road and public green space data are integrated
at the grid scale and divided by the total urban built-up area to determine the proportion of urban
open public space areas. (5) The results are converted from the kilometer grid scale to county, city,
provincial, and national scales based on spatial statistical analysis.
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Figure 1. Flow chart for the process of assessing the regional differences and influential factors of open
public spaces.

2.2.2. Regional Differences Measure of Urban Open Public Space

Coefficient of variation is used to measure regional differences in the scale of open public spaces in
Chinese cities. Differences in open public spaces in local regions lay the foundations for the following
analysis of influencing factors. The formula for the C; is defined as follows [26]:

@
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where Cy is coefficient of variation, n is the number of provinces (cities), p; is the scale of urban
open public space of provinces (cities), p is the average of p;. The larger the Cy value, the greater the
difference in the scale of urban open public space.

Theil index can decompose regional differences into intra- and inter-regional differences.
The formula for the Theil is defined as follows [26]:

m
Theil = Z T, In(mT;) = Tz + Tps 3)
i=1

Twz = Z T; ln( ) Z T; ln(mc ) Z T; ln(mw Tw) (4)

T,, = Teln(Te )+ Tcln(Tc )+ :rwm(:rw ) 5)
w

where T, represents intra-regional differences in the eastern, central and western regions of China:
the eastern region includes 11 provinces (autonomous regions or municipalities): Beijing, Tianjin,
Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan. The central
region includes Shanxi, Anhui, Jiangxi, Henan, Hubei, Hunan, Jilin, and Heilongjiang. The western
region includes 12 provinces: Guangxi, Chonggqing, Sichuan, Yunnan, Guizhou, Tibet, Shaanxi, Gansu,
Ningxia, Inner Mongolia, Qinghai and Xinjiang; T}, represents inter-regional differences among the
three regions; m represents the number of provinces (cities); m, 1., and m, represent the number of
provinces (cities) in each region, respectively; T; represents the ratio of the scale of open public spaces
(P;) in the province (city) i to the average value in China; T,, T;, and Ty, represent the ratio of the scale
of open public spaces in the cities to the average value in the three regions, respectively.

2.2.3. Spatial Pattern Measurement of Urban Open Public Space

Global Moran’s I in the ESDA method is used to judge the distribution characteristics of urban
open public space in 2015. It can judge whether the open public space scale has spatial autocorrelation
in China—that is, whether the scale in the adjacent city has a certain correlation with the change in
spatial distance. It is defined as [27]:

X Z;’nfl Wi/(P‘ B F)(P‘ B 1_3)

Moran’s I = S5y (6)
Var(I)

where m is the total number of provinces (prefecture-level cities); Wj; is the spatial weight matrix,
calculated by ArcGIS with the algorithm of ‘contiguity_edges_corners’; P; and P; are the open public
space scales of province (city) i and j; P is the average value of P;. Moran’s I values range from —1 to
1. If Moran’s [ is significantly positive, this indicates that the open public space scale of neighboring
cities is spatially concentrated. If Moran’s I is significantly negative, this indicates that the scale of
open public space in neighboring cities is significantly dispersed in space. In addition, the Z-test is
required for Moran’s I. In Equation (7), Z(I) is the standardized value of I; E(I) is the mathematical
expectation; Var(l) is the variance. Positive and significant Z value indicates that there is positive spatial
autocorrelation. Negative and significant Z values mean negative spatial autocorrelation. When the Z
value is zero, this means that random independent distribution exists.
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The G; Index is used to identify the Spatial Dependence and Spatial Heterogeneity of urban open
public space, and it can reveal whether spatial autocorrelation exists in some local areas. The index is
calculated as [26]:

o TP

i m p.
i:lPl

®)

where the G;" value is significantly positive, indicating the clustering of high values (above the average)
around zone i, it is the “hotspot”; otherwise, the low value (below the average) cluster is a “cold
spot” zone.

2.2.4. Analysis of the Factors Affecting the Distribution of Urban Open Public Space

Geographical detector is a statistical method for detecting spatial differentiation and revealing
the driving factors. Because there is no linear hypothesis in its application, a geographical detector
can effectively overcome the limitations of traditional statistical methods when dealing with different
variables, and is widely used in the research of natural and socio-economic problems of different scales.
In this study, factor detection and interactive detection in the geographical detector are used to identify
the key factors affecting the spatial differentiation of urban open public space, and to analyze the
impact of the interaction of influencing factors on the size of urban open public space.

(1) Factor Detection

Factor detection is used to identify the extent to which influencing factors explain the spatial
differentiation of urban open public space, and is defined as [28,29]:

1 v
g=1-— Y ©
no P

where g is the detection index of the influencing factors on spatial distribution of urban open public
space scale; 1 and ¢? are the sample size and variance of the prefecture-level city, respectively; n; and
1.2 are the sample size and variance in layer i. The g value is between zero and one. The larger the q

value, the stronger the explanatory power of the influencing factors on the spatial differentiation of
urban open public space, and vice versa.

(2) Interaction Detection

Interaction detection mainly identifies the inter-relationship among the factors that influence
the spatial differentiation of urban open public space, and the P value of the explanatory power
of factors, a and b, on the size of the open public space is taken as the evaluation standard [23,24].
If P(anb) < min(P(a), P(b)), this indicates that the interaction has a nonlinear reduction between a and
b. If min(P(a),P(b)) < P(anb) < max(P(a),P(b)), the interaction has a one-factor nonlinear reduction.
If P(anb) > max(P(a),P(b)), the interaction has a two-factor enhancement. If P(anb) > P(a) + P(b),
the interaction has a nonlinear enhancement. If P(anb) = P(a) + P(b), this indicates that the interaction
is independent between a and b.

o

3. Results
3.1. Differences in the Scale of Open Public Space in Chinese Cities

3.1.1. Open Public Space Differences at Provincial Level

In 2015, the average proportion of open public space areas in Chinese cities was 17.98%. Among
them, the proportions of 18 provinces, including Qinghai, Shaanxi, Guizhou, Shanxi, Jiangxi, Jilin,
Hubei, Hunan and Shandong, were lower than the average. The proportion of open public space in
Beijing has the biggest scale of 29.18%, followed by Shanghai (26.48%; Figure 2). While the proportion
of open public space in Guangxi, Inner Mongolia and Gansu provinces are relatively small, among
which the proportion is only 10.82% in Guangxi. Overall, the proportion in the eastern region has
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the biggest scale, followed by the western and central regions. The distribution of open public space
shows the ‘East—Central-West’ low-lying land pattern.
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Figure 2. Scale of urban open public space in China.

In 2015, the coefficient of variation (Cy) of open public space scale in China cities was 1.01, and the
Theil index was 0.03 (Figure 3). The overall regional differences in urban public open scale are mainly
caused by intra-regional differences than by inter-regional differences, and the former’s contribution
rate reaches over 69.79%. For Cy, the difference in the western region is the largest, followed by the
eastern region, and the smallest in the central region. In general, the regional difference in urban open
public space also shows the “East-Central-West” low-lying land pattern.

China| Chinal
inter-regiory
© intra-region| o Western region
o =}
B Western regi 2
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Central region
Eastern regiom Bastern region
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Theil index Cofficient of variation

Figure 3. The regional differences in open public space scale in China.
3.1.2. Open Public Space Differences in Prefecture-Level Cities

According to the ‘Notice on Adjusting the Standard for Cities’ Size Classification’ by China State
Council, cities are divided into five categories: small city (with less than 500,000 residents), and middle
city (with 500,000 to one million residents), larger city (with one to five million residents), mega city
(with five to 10 million residents), super city (with over 10 million residents). The median scale of open
public spaces in Chinese cities is close to the bottom quartile, and 54.38% of cities are below the average,
indicating that the scale of open public space in cities is clustering at a low value (Figure 4). From the
perspective of city size, the open public space scale of super cities, megacities, larger cities and medium
cities are centralized and evenly distributed. The open public space scale of small cities is close to the
bottom quartile, and 54.94% of small cities are below the average. On an economic development level,
the open public space scale of undeveloped cities is close to the bottom quartile, and 55.36% of cities
are below the average, which indicates that the scale of open public space in undeveloped cities is
clustering at a low value with an uneven distribution. Open public space scales of all types of cities,
except the undeveloped ones, are of even distribution.
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Figure 4. Boxplot of scale of urban open public space (the red represents city types by urban scale, and
the blue is by economic development levels).

In 2015, there were significant differences in the scale of open public space among various types
of cities. For city size, the scale of open public space in super cities is biggest, while that in small cities
is the smallest (Figure 5). The difference in the scale of open public space among cities of different sizes
is very big. Small cities have the biggest difference, with a coefficient of variation of 1.04, followed by
middle cities and super cities. Overall, the scale of open public space decreases with a decrease in city
size. In contrast, its difference decreases with an increase in city size.

Cities are classified into four economic development levels: developed, relatively developed,
relatively undeveloped and undeveloped, by breaks of 150%, 100% and 50%, respectively, per capita
GDP to the national average value. For different economic development levels, the scale of open public
space in developed cities is the biggest (reaching 20.26%), followed by relatively developed cities,
and the scale of undeveloped cities is smallest (only 13.44%, Figure 6). In addition, the difference in the
scale of open public spaces among undeveloped cities is largest, reaching 0.30, followed by relatively
developed cities, and the smallest is in developed cities, with a coefficient of variation of only 0.24.
On the whole, the scale of open public space in different cities decreases with a decrease in economic
development level, and the difference increases with a decrease in economic development levels.

Super cities Super cities
36%

Small Cities < > Megacities  Small Cities < . Mega cities

Middle cities Larger cities Middle cities Larger cities

Scale of urban open public space Coefficient of variation

Figure 5. The regional differences in open public space scale in different sized city.
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Figure 6. The regional differences in open public space at different economic development levels.

3.2. Spatial Distribution of Urban Open Public Space Scale in Chinese Cities

3.2.1. Spatial Distribution of Open Public Space Scale at Provincial Level

The 31 provinces with various open public space scales in China in 2015 are divided into low
value zone, relatively low value zone, median zone, relatively high value zone, and high value zone by
Jenks natural breaks classification method, using the ArcGIS tool. In terms of the spatial distribution
of the open public space scale (Figure 7a), the provinces in relatively low value zones account for
the highest proportion, reaching 29.03%, forming the contiguous area of Hebei-Shanxi-Shandong,
Hubei-Jiangxi-Hunan—Guizhou. Provinces in low value zones account for 22.58%, forming the
contiguous area of Heilongjiang—Inner Mongolia—Xinjiang-Gansu. Provinces in the high value areas
occupy the least proportion, only 12.90%, forming the dot-like distribution of the contiguous area of
Chonggqing, Beijing, Shanghai and Guangdong.

A
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Figure 7. (a) Spatial distribution and (b) cold-hotspot pattern of open public space scale at provincial
level in China.

The Global Moran’s I value of the open public space scale at provincial level is 0.28 under the
0.01 significance level, indicating there is positive spatial autocorrelation on the scale of open public
space at the provincial level. That is, provinces with a bigger open public space scale tend to cluster,
and provinces with a lower open public space scale are also clustering. Since the global Moran’s
I value only reflects the overall spatial agglomeration feature, ‘hotspots’, ‘sub-hotspots’, ‘sub-cold
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spots’, and ‘cold spots’ are used to reflect local spatial distribution (Figure 7b). The analysis shows
that the sub-hotspots dominate, followed by hotspots, sub-cold spots, and cold spots. Among them,
the provinces in the sub-hotspots account for the biggest proportion, reaching 80.65%, forming a
contiguous area of 25 provinces, Tibet-Qinghai—Gansu-Ningxia—Shaanxi-Shanxi-Hebei-Liaoning.
The proportion of hotspots reaches 9.68%, and is only distributed in Beijing, Tianjin, and Shanghai.
Only the Inner Mongolia autonomous region is in the cold spots area.

3.2.2. Spatial Distribution of Open Public Space Scale in a Prefecture-Level City

The prefecture-level cities with different open public space scales in 2015 are also divided into
low, relatively low, median, relatively high, and high value zones by the natural breaks classification
method. The open public space scales of urban agglomeration in Beijing-Tianjin-Hebei, Yangtze
River Delta, Pearl River Delta, Sichuan Basin, and Yunnan—Guizhou are larger than surrounding cities,
showing obvious ‘clustering’ characteristics. The higher value zone is consistent with the distribution
of urban agglomerations, and the scale of open public space in eastern cities is bigger than that of
central and western cities (Figure 7a).

From the perspective of prefecture-level cities (Figure 8a), the proportions of cities in low, relatively
low median, relatively high, and high value zones are 2.64%, 36.36%, 34.31%, 18.77%, and 7.92%,
respectively. From the perspective of spatial distribution, the northwest side of the Hu line (the black
line shown in Figure 8) is dominated by a relatively low value zone, and only the capital cities of
Xining and Yinchuan are in a high value zone. The southeast side of the Hu line is dominated by the
median zone, the relatively high value zone and the high value zone, and the high value zones are
mainly concentrated in developed cities.

The global Moran’s I value of the open public space scale in prefecture-level cities is 0.06,
compared to the significance test at 0.01, indicating that there is a positive spatial autocorrelation for
the prefecture-level cities. The ‘hotspot’, ‘sub-hotspot’, ‘sub-cold spot” and ‘cold spot’ categories are
used to reflect the local spatial distribution (Figure 8b). The northwest side of Hu line is a contiguous
area with the cold spot zone and sub-cold spot zone. The urban agglomeration in northern Tianshan
Mountains is a cold spot zone, and Lanxi is a sub-cold zone. On the southeast side of the Hu line,
Liaodong Peninsula, Beijing-Tianjin-Hebei and other urban agglomerations are sub-cold spot zones.
Urban agglomeration in western Taiwan Strait is a sub-hotspot zone, and the Beibu Gulf is a hotspot
zone. The open public space scales of urban agglomeration in Beijing-Tianjin—-Hebei, Yangtze River
Delta, Pearl River Delta, Sichuan Basin, and Yunnan-Guizhou are larger than the surrounding cities.
On the whole, the scale of open public space in Chinese cities shows a stepped decrease from the east
to the central area, then to the west.
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Figure 8. (a) Spatial distribution and (b) cold-hotspot pattern of open public space scale at
prefecture-level cities.
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3.3. Factors Affecting the Scale of Urban Open Public Space

Urban open public space is an important guarantee for promoting social development and
improving the life quality of residents. The scale of open public space is influenced by multiple
factors, and the factors are diverse and complex. Studies have shown that the scale of open public
space is affected by population size, residents’ living standards, the economic income of residents,
and population density [2,10,30-41]. In view of this, this study analyzes the key factors of the open
public space in prefecture-level cities from the aspects of economic development level, population
density, population size, urbanization rate, and residents’ living standards. Among them, per capita
GDP (x1) is used to represent the economic development level, total population/land area (x;) is used
to characterize population density, per capita disposable income (x3) is used to characterize residents’
living standards. The ratio of urban population to resident population (x4) is used to represent the
urbanization rate (Table 2).

The geographic detector is utilized to identify key factors affecting the scale of open public spaces.
The factor detection shows that the interpretation of the economic development level, residents’ living
standards, urbanization rate and population size on the scale of open public space have all passed the
significance test of 0.001 (Table 3), indicating that the above factors have significant impacts on the scale
of open public spaces. Among them, the interpretation of the residents’ living standards is the most
critical to the level of open public spaces, followed by economic development level, with urbanization
rate ranking thir.

Table 2. Description of explanatory variables.

Explanatory Variables Description (Unit) Mean Standard Deviation
Economic development level Per capita GDP (Yuan) 49,686.45 29,916.65
. . Total population/land
Population density area (people/km?) 3779.69 2688.05
Residents’ living standards Per.caplta disposable 27,119.71 6528.48
income (Yuan)
Proportion of urban
Urbanization rate population and Resident 51.42 16.42
population (%)
Population size Resident population 400.50 332.81
P (10,000 people) ' ’

Table 3. The explanatory power of various influencing factors on open public spaces at city level.

. q Value p Value
Detection Index (Detection Index) (Significant Level)
Economic development level (x;) 0.2088 0.000
Population density (x;) 0.2000 0.1616
Residents’ living standards (x3) 0.2272 0.000
Urbanization rate (x4) 0.1787 0.000
Population size (xs) 0.1064 0.000

The results of the interactive detection (Table 4) show that the interaction of each factor is mainly
a two-factor enhancement for the interpretation of the scale of the open public space. The interaction
between urbanization rate and other factors has a significant explanatory power. Among them,
the interaction between urbanization rate and population size has the highest explanatory power,
while the interaction between residents’ living standards and urbanization rate is second. The interaction
between population density and population size has the least impact. However, the interaction between
urbanization rate and population size has an important impact on the scale of open public space.
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Table 4. The interaction between influencing factors of open public space.

Economic Population Residents’ Living Urbanization
Factors Development Density (x2) Standards (x) Rate (xq)

Level (x;) ensity (xz andards (x3 ate (x4

Population density (x;) 0.2661

Residents’ living
standards (x3) 0.2784 0.2931
Urbanization rate (x4) 0.3098 0.2233 0.3100
Population size (xs) 0.3348 0.1469 0.3447 0.3735

4. Discussion

4.1. Spatial Heterogeneity of Urban Open Public Space

Given the characteristics of social and economic development and natural geography, there is a
big difference in the scale of open public space in Chinese cities. The results of this study are basically
consistent with the existing research, in that the scale of urban open public space in the eastern region
is significantly bigger than that in the central and western regions [30-32]. The reason is that, firstly,
the ratio of green land to built-up areas in the eastern region is the highest. Secondly, the provincial,
national, and county road areas in the eastern region, especially the urban road density areas, are higher
than the central and western regions. In addition, the higher level of economic development in the
eastern region is also a sound factor. Factors like these make the scale of open public spaces in eastern
region bigger than that of central and western regions. Liu et al. [30] found that, although the green
land rate in the eastern region in China is the highest, there is a convergence of regional differences in
the green land rate in built-up areas in Chinese cities. Wu et al. [31] found that the ratio of green land
rate to built-up areas showed a decreasing pattern from the southeast to northwest. Ye et al. [32] also
proposed that there was a significant difference in urban green space in China, and the level of urban
greening was stepped down from the east to the west.

4.2. The Residents” Living Standards and the Scale of Urban Open Public Space

Residents’ living standards have an important impact on the scale of open public spaces. With an
increase in resident income, resident demands for environmental conditions, infrastructure and public
services are gradually increasing, and residents are more inclined to live in areas with a larger scale of
open public space, which is basically consistent with the existing studies. For example, Choumert [33]
proposed that the demand for urban green space will increase with the increase in average household
income. Kline [34] found that per capita income had a positive impact on open public space, but the
impact was gradually waning; Kahn et al. [35] proposed that there was a positive correlation between
per capita income and public space. Yue et al. [36] pointed out that the distribution of the low-income
population was related to the accessibility of parks and green spaces, and the streets concentrated by
low-income populations had poor accessibility to parks and green spaces. A positive relationship
is found between the public green space scale in a resident’s local area and life satisfaction in urban
Australia, and public green space is welfare enhancing for urban residents, meaning that adequate
allowance should be made for its provision when planning urban areas [37].

4.3. The Economic Development Level and the Scale of Urban Open Public Space

The economic development level has a significant impact on the scale of open public space. Firstly,
with an improvement in the economic development level, the government not only improves the living
environment of the residents, but also improves the urban parks, green spaces, urban landscape and
transportation accessibility. Secondly, the construction of open public space requires a large amount of
financial support, so economically developed areas have a stronger capability to build open public
space than underdeveloped areas. This is basically consistent with the existing research. For example,
Xu et al. [38] pointed out that the decline of local government revenue will affect the input of green land



Sustainability 2020, 12, 2514 13 of 16

construction funds. Wu et al. [31] found that the green space area in built-up areas in cites is positively
correlated with the regional GDP, and that it decreases from the southeast to northwest in China.
Ye et al. [32] also found that GDP has a significant impact on the level of urban green space construction.
Liu et al. [39] found that the economic development level is the direct driving force for the green space
rate in built-up areas. The economic development level is not only a key factor affecting the green space
rate in the built-up areas, but also the factor that indirectly affects the population density and industrial
structure. Furthermore, another study indicated that urban green space coverage increases at the initial
stage of economic development, and then starts to decrease as GDP per capita exceeds RMB50,855,
then increases again at a higher GDP per capita level (RMB107,558) in Chinese cities [40]. This calls for
policy makers to effectively manage the tradeoffs between continuous economic development and
better natural amenities.

4.4. The Population Size and the Scale of Urban Open Public Space

The factor of population size and the scale of the open public space are mutually reinforced in
Chinese cities. This not only reflects people’s demands for a better environment and the agglomeration
effect, but also reflects the mutually promoted relationship between the urban population and the
green land, which is consistent with the existing research. During the reconstruction of an old city,
the city authorities will plan for more open public space, such as building parks and widening roads.
In another way, when new urban districts are to be built, authorities will construct more open public
space to improve the urban ecological environment. For example, Wu et al. [31] showed that the green
space area in built-up areas positively correlated with the population size. Liu et al. [41] found that
the increase in population in cities promotes the expansion of green space and the population size is
one of the key elements to ensure that the urban green space will achieve its given ends. Ye et al. [32]
demonstrated that the relationship between urban population size and green area was a two-way
promotion, mainly reflected in the following aspects: on one hand, with the increase in population,
the urban ecological environment has been continuously improved and urban green space construction
has also increased; on the other hand, urban green spaces play a crucial role in maintaining urban
ecosystem sustainability by providing numerous ecosystem services [22]. As the urban green space
increases, urban ecosystem services provided by green spaces will improve, which will attract a large
number of people to gather and result in an increase in urban population.

5. Conclusions

This study analyzes the regional differences, spatial distribution and influencing factors of urban
open public space scales in Chinese cities using the Theil index, coefficient of variation, ESDA and a
geographic detector combined with big earth data. We conclude that:

(1) In 2015, the average proportion of open public space areas in Chinese cities was 17.98%
at provincial level, and the scale of open public space in Beijing was the biggest, reaching
29.18%. The spatial distribution of the open public space scale at the provincial level shows the
‘East-Central-West’ low-lying land pattern. Its regional difference also was an ‘East-Central-West’
low-lying land pattern. The spatial distribution of the open pubic space scale is consistent with the
spatial layout of China’s economic development. The open pubic space scales in 18 provinces are
lower than the average, where those provinces are mainly located in the central and western region
and have a lower economic development level;

(2) For the prefecture-level cities, the urban open public space scale is increasing with the increase
in city size and economic development level. The scale of open public spaces in super cities is biggest,
while that of small cities is the smallest. Moreover, it is biggest (reaching 20.26%) in developed cities,
compared to the relatively developed, relatively undeveloped and undeveloped cities. There exists
a positive spatial autocorrelation of the open public space scale in prefecture-level cities. The open
public space scales of urban agglomeration in Beijing-Tianjin-Hebei, Yangtze River Delta, Pearl River
Delta, Sichuan Basin, and Yunnan-Guizhou, with their higher economic development levels, are larger
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than surrounding cities, showing obvious ‘clustering’ characteristics. The Hu line is the feature
line of China’s population distribution and, to some extent, it also becomes the dividing line of the
urbanization level. The population size on the southeast side of the line accounts for more than
94% when compared to the northwest. Cities on the southeast side of the line have generally higher
urbanization and economic development levels than the national average. The open public space on
the southeast side of the Hu line has a large scale, while the scale on the northwest side of the Hu line
is relatively small. The overall urban public space scale shows a stepped decrease from the east to the
central sides, then to the west;

(3) There is a significant difference in the spatial distribution of urban open public space scales
in prefecture-level cities. The differences in urban open public space reduce with an increase in city
size, and increase as the economic development level decreases. The open public space scales of super
cities, megacities, larger cities and medium cities are centralized and evenly distributed. The open
public space scales of all types of cities except the undeveloped are of even distribution. For city size,
small cities have the biggest difference with a coefficient of variation of 1.04, followed by middle cities
and super cities. For different economic development levels, the difference in the scale of open public
spaces among undeveloped cities is largest, reaching 0.30, followed by relatively developed cities,
and is the smallest in developed cities with a coefficient of variation of only 0.24;

(4) The factors, including economic development level, the residents’ living standards, the
urbanization rate and the population size, have sound explanatory powers on the scale of open public
space. Among them, the interpretation of the residents’ living standards is the most critical to the
level of open public space, followed by economic development level, and urbanization rate ranks
third. As urbanization, population sizes and economic development levels increase, residents” growing
demands for open public space will facilitate more planning and construction of open public spaces.
The interaction between various factors has improved the explanatory power of the scale of open
public spaces in cities. The interaction between urbanization rate and population size has the highest
explanatory power.

This work especially achieves a breakthrough in data source, and solves the core evaluation
content of SDG11.7.1. However, the following shortcomings still exist: according to the concepts of
open public space in SDG11.7.1, the open public space types in this study currently only contain green
public space and road data, but no other types; the open public space cannot be identified as available
to all by sex, age and persons with disabilities; the accessibility of various types of open public spaces
is not considered.
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