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Abstract: Urban parks provide multiple ecosystem services as an important element of the urban
space and improve human health and wellbeing. This study used the Gaussian-based 2SFCA method
to evaluate the spatiotemporal distribution of and changes in park accessibility within the Sixth
Ring Road in Beijing over 15 years. The study also used bivariate correlation analysis to analyze
the relationship between urbanization factors and park access. The results showed that the overall
park accessibility in both quantity and proximity had increased from 2000 to 2015, but there were
still certain areas (percentage) that had limited access to parks. The inequity of distribution in
park accessibility had been detected accompanying the rapid increase in park quantity in 2015.
Furthermore, the development of urban parks mismatched that of urbanization in terms of urban
land increase. The correlation between accessibility changes and population urbanization is not
significant. Proper urban green space planning based on the distribution of population density and
urban land use is indispensable in avoiding the aggravation of inequity in the process of urban
expansion. This study contributes to the assessment of the current park allocation efficiency and
helps urban planners and policymakers make prompt adjustments in the rapidly urbanizing process.

Keywords: urban expansion; urban parks; accessibility change; inequality; megacity; Beijing

1. Introduction

Urban green spaces such as parks, street greenery, playgrounds, as well as those
informal green spaces with spontaneous vegetation play an important role in improving
the quality of life and wellbeing of urban residents [1,2]. As important components of
the green space, urban parks provide multiple ecosystem services such as heat island
mitigation [3,4], air pollution purification [5,6], noise reduction [7], etc. Urban parks could
also provide a wide range of cultural ecosystem services for citizens, including leisure
and recreation, aesthetic appreciation and education [8,9]. Urban parks have also been
recognized as contributing to human wellbeing by creating positive impacts on physical
and mental health [1,10-15]. As an essential part of green infrastructure, urban parks
also offer various socioeconomic benefits [16-18]. However, urban land, especially land
for green space development, has increasingly become limited with the acceleration of
urbanization in cities with high-density populations. Thus, the mismatch between residents’
demand and the supply of green spaces might increase in metropolises and developing
countries [19,20]. Therefore, the disparities in the distribution of urban parks and green
spaces for residents have received increasing attention during the past two decades [21].

The equity of urban parks and green spaces or lack thereof has been widely reported in
recent years with increasing attention on the social inclusion and equity contexts of urban
greening, given that accessibility might influence whether urban residents can benefit from
various ecosystem services provided by those green spaces during urban development or
not [22]. Previous studies have found that areas with larger urban parks and green spaces
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or lower population density usually have higher accessibility [23,24]. The differences
in accessibility of urban parks among different racial and socioeconomic groups might
result from unequal political power and the corresponding disproportionate allocation of
environmental amenities [25-28]. However, most previous studies have investigated park
accessibility and inequity at a single time and longitudinal study on rapidly urbanizing
cities is insufficient.

For China, the urban population is expected to reach 6.68 billion by 2050, accounting
for 68% of the world’s population, and more than 255 million people from this population
are predicted to become urban residents [29]. Therefore, the relationship between demand
and supply of public green spaces is increasingly concerning [30]. The distribution of
park and green spaces accessibility has been analyzed in many studies [31-33], and the
effects of social and economic data on green space equity have been discussed [19,34-36].
Some literature has also touched upon accessibility dynamics and the effects of the rapid
urbanization process, but few studies have been reported for megacities [20].

To enrich our understanding of the underlying processes of the inequity and facilitate
the development of an inequity mitigation policy in large cities undergoing rapid urban-
ization, we took Beijing as a case study and used the Gaussian-based, two-step floating
catchment area (2SFCA) method [37,38] to measure the park access level. Based on the
accessibility in 2000, 2005, 2010 and 2015, we investigated the changes in the distribution
of urban park accessibility and the relationship with population and urban land data at
the sub-district level of Beijing. The aims of our research were: (1) to map the spatial
distribution pattern and identify the disparity of urban park accessibility in Beijing; (2) to
reveal the dynamics in urban park accessibility from 2000 to 2015; and (3) to examine how
urbanization factors (in terms of both population density and urban land use), as well as
policies related to urban green spaces, have led to change and equity in accessibility to
urban parks.

2. Materials and Methods
2.1. Study Area

Beijing, located in the north of the North China Plain, is the capital city of China. The
total area of Beijing city with its 16 municipal districts is 16,411 km?. Beijing has experienced
rapid urbanization since the 1978 Reform and Opening-up Policy [39] and the average
annual growth rate of urban land areas during the past four decades has been reported
to be around 3.5% [40]. To improve the resilience of the urban ecosystem and the living
quality of residents, Beijing government has designed policies and strategies to construct,
restore and conserve parks and green spaces in Beijing. Particularly, a series of initiatives has
been carried out to increase the provision of urban parks and the famous Beijing Olympic
Forest Park in Chaoyang District, constructed in 2008, has been the largest urban greening
landscape in Asia. According to the Beijing Statistical Yearbook, the green park area of Beijing
had reached 35.2 ha by the end of 2019, and the park area was 16.4 m? per capita [41].
Our study is focused on the main urbanized area which is within the Sixth Ring Road and
includes 12 administrative districts and numerous sub-districts (Figure 1). The study area
was approximately 2267 km? and held about 12.2 million permanent residents in 2000 and
about 13.9 million in 2015.
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Figure 1. Study area of the sub-districts within Sixth Ring Road in Beijing (A), the location of Beijing
in China (B), and the districts of Beijing (C).

2.2. Data Sources

We used multiple data sources to explore the accessibility dynamics and driving
factors. Our population data at the sub-district level in 2000 and 2010 were extracted from
the Sixth National Population Census of China. The demographic data of 2005 and 2015
were calculated according to the annual growth rate of the population at each sub-district
from 2000 to 2010 based on the exponential growth model. The exponential growth model,
which is a typical model for population forecasting, is suitable for Beijing before 2015
when the urbanization rate was high and there were no considerable population policy
changes [42]. The type of green space dataset might lead to substantial differences in
identifying the green spaces availability [43]. In this study, we mainly refer to Google
satellite aerial maps as they have rather high resolution and are easy to access, which could
facilitate park availability assessment. The shapefile of the location and the boundary of
the parks were created based on the Google satellite aerial maps (https://www.google.
com/earth/, accessed on 12 March 2020), as well as the Baidu electronic maps (https:
//map.baidu.com/, accessed on 12 March 2020). Parks within a 1.5 km distance from
the boundary of the study area were also included, considering the “edge effect”. Parks
in 2000 were identified after checking the directory in Beijing Parks and Forestry Census
Compilation, and those of 2005, 2010 and 2015 were identified based on the park directories
in the Beijing Parks Yearbook and Beijing Parks and Forestry Yearbook. A total number of 81, 86,
88 and 173 parks within the study area have been identified in 2000, 2005, 2010 and 2015,
respectively. We selected parks larger than 2 ha to quantify urban green space size in this
study, according to the standard of the Accessible Natural Greenspace Standards (ANGSt)
recommendation of 2 ha as the minimum size of accessible green space for each person [44].
The spatial resolution of urban land cover data is 30 m and this set of land use production
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was mainly extracted from Landsat satellite images by the Institute of Geographic Sciences
and Natural Resources Research, Chinese Academy of Sciences.

2.3. Calculation and Mapping of Urban Park Accessibility

The urban park access dynamics were analyzed based on the presence of urban
parks in this study and the accessibility of urban parks was evaluated from two major
aspects: quantity and proximity characteristics. The quantity of the urban park describes
the densities of park acreage within each sub-district [45], and was calculated using the
following formula:

Q4= A4q/S4, 1)

where the Qg is the quantity of the urban park in the sub-district d, A4 is the total area of
the urban parks in sub-district d, and Sy is the total area of sub-district d.

The proximity of urban parks was evaluated using the Gaussian-based two-step float-
ing catchment area (2SFCA) method [37,38] at the sub-district level. The pioneering work
was proposed as 25FCA, which defined accessibility using a dichotomous measure [37].
The Gaussian-based 2SFCA differentiated access within the catchment to avoid the problem
in the 2SFCA model, wherein it tends to give higher accessibility scores to areas with low
accessibility [21]. The steps of the Gaussian-based 2SFCA are summarized as follows.

First, for each park location j, search all population locations k that are within a
threshold d from j, thus forming the catchment for park location j. Then, weigh populations
at k using a Gaussian function (G), and sum up the populations within the catchment for j
as the potential users for the park at j. The ratio (R;) of the park j to the population is as
follows:

R=S/ Y G (dkj, do)Pk, )
ke{d<do}

where Py is the population at location k with its centroid in the catchment (i.e., dy; < do)
from park location j; dy; is the travel distance between population location k and park
location j; S; is the capacity (i.e., size in acres) of park at j; G is the friction-of-distance

written as:
1 dkj 2 1
- 7)><(%) *67(7

).
7(%) ’ lf dk] S dO/ (3)
0, lf dkj > dy

e

G(dk]-,do) —

Second, for each population location i, search all parks 1 within the threshold dy from
i, thus forming the catchment for the population at i. Then, sum up discounted R using
the Gaussian function (G) within the catchment area i to obtain the spatial accessibility at
population location i:
A= ), G(di,do)R, (4)
le{dy<do}

where 1 represents all parks within the catchment of population location i. The accessibility
score A; implies the number of parks per capita in a neighbourhood.

In this study, we chose the catchment threshold (dp) of 2 km as the maximum distance.
A survey conducted in Guangzhou found that a 20 min walking distance is a critical divide
in determining whether the public would walk to urban green spaces [46]. Additionally,
biking has become a widespread means of transportation due to the popularity of shared
bikes in Beijing. Considering that the normal walking speed for the public is between
3.6 and 7.2 km/h, and biking speed is between 10 and 15 km/h, we decided that the
maximum time is approximately 20 min walking or 10 min biking. Thus, the distance
threshold of 2 km is adopted in the study. We did not calculate the distance via route
system and adopted the static 2 km buffer zone since the urban roads within the study
area went through changes at multiple levels from the government during the 15-year
urban expansion process. Furthermore, a 2 km buffer distance covered approximately
97% of all residents in the study area, which avoided many zero values of accessibility in
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many census tracts. The travel distance from the origin to the destination was calculated
as the Euclidean distance. Although network distance is more precise than Euclidean
distance, the latter is simple to compute. In the previous study, a very strong correlation
between Euclidean and network distances was found across the metropolitan area of
Montreal [47]. Next, geographic centroids of parks and sub-districts were used to calculate
the distance between the two locations. The reason for using geographic centroids is that
although using the entrance of parks is considered more accurate when calculating the
distance, the real entrances are often difficult to identify on the map, and some entrances
are often inaccessible. Some studies have used geographic centroids for distance calculation
previously [23,48].

3. Results
3.1. Changes in Scale and Spatial Distribution of Urban Parks from 2000-2015 in Beijing

The parks were divided into six classes based on their sizes (ha). Table 1 shows the
number of parks in different classes in four statistical years. From 2000 to 2010, most urban
parks are within 100 ha. Figure 2 shows a higher density of parks in the center of the city;
few parks are located near the north of the Sixth Ring Road.

Table 1. The number of urban parks from 2000 to 2015 in Beijing.

Park Class ! 2000 2005 2010 2015
1 35 36 37 60
2 36 40 41 96
3 6 6 6 7
4 3 3 3 4
5 1 1 1 2
6 0 0 0 4
Total 81 86 88 173

1 Park class: Class 1, 2-10 ha; Class 2, 10-100 ha; Class 3, 100-200 ha; Class 4, 200-300 ha; Class 5, 300-500 ha;
Class 6, >500 ha.

(A) 2000

Park centroid (ha)

o 2-10 0 10-100 O 100200 O 200300 ) 300500 () =500

Figure 2. The distribution of the centroids of urban parks in 2000 (A), 2005 (B), 2010 (C), and 2015
(D) in Beijing.
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The number of parks increased significantly from 2010 to 2015, but less change had
occurred from 2000 to 2010. In the meantime, it was the speedy urbanization in Beijing
and the initiation of country park development from 2008 in the isolation areas which
included the first isolation area from the Fourth to the Fifth Ring Road and the second
isolation area from the Fifth to the Sixth Ring Road. Newly established parks are mainly
small and mid-sized ones, and over half of them are in Haidian and Chaoyang District.
The park density in Haidian and Chaoyang District increased by 172.7% in 2010 to 120% in
2015, while parks in the central city including Dongcheng and Xicheng District have barely
changed. Four large parks (over 500 ha) belonging to country parks were newly included
in 2015, which are all close to the Fifth or Sixth Ring Road since the edge of the study area
was relatively far from the city center, which could carry many large parks.

3.2. Distribution and Changes of Park Access in Quantity Characteristic

We first analyzed park accessibility using park quantity (ha/km?) characteristics.
Limited accessibility seemed to be prevalent throughout the city in 2000 (Figure 3). Park
access varied among sub-districts to a certain extent. In 2000, the central area of the city
appeared to have a higher quantity than the outer city. Some sub-districts in the western
parts of the city which were between the Fifth and Sixth Ring Roads had larger parks than
the ones located at the same distance from the city center. A large number of sub-districts
had poor or zero access to parks. In 2005, a few parks were newly built in the central,
southern and northeastern parts of the city.

(A) 2000_ ®)2005 (©) 2010 (D) 2015

g iy PP o P
[ 2 o SR> &

§,

I“l

! #I-&
R

i :ﬁ%ﬁ,&u x\;@‘ L

Quantity (ha/km?) [10 [070-1 1 13 1 3-20 O 20
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Figure 3. Urban park accessibility in quantity characteristic from 2000 to 2015. (A-D) represented
the distribution pattern of urban park quantity in 2000, 2005, 2010 and 2015, respectively and
(E-G) represented the change in urban park quantity from 2000-2005, 2005-2010 and 2010-2015,
respectively.

The overall pattern of the spatial distribution of park access varied slightly from 2000
to 2010. In 2015, the accessibility to parks in terms of park quantity increased dramatically.
A great number of new parks were renovated, and most of them spread around the Fifth
Ring Road and expanded outwards. Sub-districts in Haidian and Chaoyang Districts have
experienced rapid growth in park quantity. Although park access in the city periphery had
certain improvements in 2015, some sub-districts still have no parks over 2 ha.

3.3. Distribution and Changes in Park Access in Proximity Characteristic

Figure 4 describes the distribution and changes in park access in proximity aspect
from 2000 to 2015. From 2000 to 2010, sub-districts with a proximity over 0 mainly formed
around the middle of the city, with higher accessibility in the southern areas than in the



Forests 2021, 12, 1796

7 of 15

northern. Urban park accessibility significantly increased from 2010 to 2015, but the largest
changes were found between the Fourth and Fifth Ring Road where the first isolated
area greening project was implemented and was then followed by the country park ring
development project. The situation improved significantly for 70 sub-districts with park
access over 0 who gained low and moderate access in 2015. The accessibility of 18 sub-
districts in Changping, Haidian and Chaoyang reached over 10 ha/km? and two of them
even reached more than 40 ha/km? in individual areas.

(4)2000 (D) 2015

L ] I

Proximity change (m*person) [ ]-87——30 Ml -1—05 [ 1002 [WM1-5 v
B -30—5 HEE-05-001 (@00.2-05 Hl530 0 10 20 40
-5—1 [(Jo [ 0.5-1 M 30-85 T ki A

Figure 4. Distribution and changes of accessibility of 2 km catchment. (A-D) represent the distribu-
tion pattern of urban park proximity of 2 km catchment in 2000, 2005, 2010 and 2015, respectively;
(E-H) represent the change of urban park proximity of 2 km catchment from 2000-2005, 2005-2010,
2010-2015 and 2000-2015, respectively.

As shown in Figure 4E-H, changes to park access in proximity suggested a more
complex situation compared to the quantity characteristic. Overall, park access increased
from 2000 to 2015 for the catchment of 2 km and the mean value of access increased from
7.58 m? to 9.31 m? per capita. However, changes to park accessibility in different areas
varied in different periods. From 2000-2005, 70% of the sub-districts with park access
experienced a loss of accessibility and most of them had a minor decrease of less than 3 m?
per capita while two sub-districts lost over 10 m? per resident in proximity. The value of
proximity in other sub-districts changed from 0.02 m? to 2.09 m? per resident because of
rapid population growth and less increase in park access.

Changes in accessibility for sub-districts became more heterogeneous from 2005 to
2010. The number of sub-districts whose park access increased was the same as those who
suffered from a decrease in park access. A sub-district in Shijingshan District benefitted
from the great enhancement of park proximity for a 2 km catchment with an increase of
over 80 m? per capita. At the same time, a few sub-districts showed a great loss in park
access, ranging from 24 m? to 60 m? per resident.

Third, some sub-districts in the southern and eastern parts of the city have witnessed
a moderate increase in park access from 2010 to 2015. The number of parks increased
along with the growth of population in these areas. However, there are some sub-districts
experiencing a greater reduction in park proximity. For example, the accessibility of a
sub-district in the Shijingshan District decreased by over 80 m? per capita. Overall, the total
decrease of accessibility exceeded the increase, and thus park accessibility demonstrated a
decrease pattern in those five years.

Finally, the changes in park accessibility in the overall 15 years from 2000 to 2015 can
be seen in Figure 4H. Over 70% of the sub-districts have a slight fluctuation in park access
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within 5 m? per capita, sub-districts with an increase in park access were mainly located
near and within the Fifth Ring Road, while sub-districts with a decrease of accessibility of
parks were scattered from the inner to the outer city. Particularly, a sub-district in Haidian
District suffered a loss of over 60 m? per resident in park access during the studied 15 years.

It should be noted that some sub-districts still suffered from inaccessibility in the four
statistical years. Except for the sub-districts with a reduced population which we did not
include in the analysis, many sub-districts had no accessibility to parks over 2 ha for the
2 km catchment. About 40% of the sub-districts still had zero accessibility. Those areas were
mainly located in the city periphery and were remote from those small or medium-sized
parks in the central city.

3.4. Urbanization and Park Accessibility Changes

Park access was not significantly associated with the population density or urban land
area in all of those three points of 2000, 2005 and 2010. However, it is noteworthy that
although with the population density, the relationship showed no significance in 2015, the
park access had a significant negative correlation with urban land area in 2015 (Figure 5).

Year
2000 2005 2010 2015

< 0 T T T T )
3
=
T 0.1 A1
]
£ 021
i
£
=] 403 1
o

04 - ® Population = Urban land =

Figure 5. Bivariate correlation between park access and urbanization variables of population density
and urban land proportion (** denote the significance of correlation coefficient estimate at the
0.01 level).

Figures 6 and 7 show the relation between park access changes and urbanization
during the studied 15 years in terms of population and urban land, respectively. Changes
in park access from 2000 to 2005 showed a strong correlation with population density in
2005 (Figure 6). In addition, changes in accessibility from 2010 to 2015 were significantly
correlated with the urban land proportion from 2010 to 2015. Changes in park access
showed a positive correlation with urban land area in 2015.

o 039 = 2000-2005 ® 2005 2005-2010 = 2010
3 041 B 20102015 W 2015 W 2000-2015
=
g 03 -
Q
& 02 -
=
5 0l “‘
5 o]
o o {EE
oq | 2000-2005 2005-2010 | 2010-2015 | 2000-2015
Population

Figure 6. Bivariate correlation between changes in park access and population urbanization (** denote
the significance of correlation coefficient estimate at the 0.01 level).
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Figure 7. Bivariate correlation between changes in park access and land urbanization (* and ** denote
the significance of correlation coefficient estimate at the 0.05 and 0.01 level, respectively).

4. Discussion
4.1. Urban Park Accessibility Dynamics over 15 Years

We have discussed the spatial distribution pattern of urban park accessibility in park
quantity and proximity. This study shows that the presence of parks is still insufficient
across the study area and the distribution of accessibility in terms of park quantity is not
equal. This finding is consistent with previous studies that were conducted in high-density
cities in China, such as Hangzhou and Beijing [19,34,49]. Sub-districts with high park
quantity are mainly located in Dongcheng and Xicheng District and those near large parks
such as Beijing Sun Park (also known as Beijing Chaoyang Park), the Summer Palace and
the Old Summer Palace. This study reveals the great demand for parks in Fengtai District
and most areas around the Sixth Ring Road, especially those in Changping and Shunyi
District, by examining the number of parks over 2 ha in the Sixth Ring Road for 15 years.
The development of park quantity in 15 years is imbalanced as well. The number of parks
in Chaoyang District increased significantly from 2000 to 2015. As for the parks distributed
on the border of the study area, the construction of parks in the southern regions was better
than in the northern, and the number of parks on the western side was still inadequate.

Although the general proximity of the parks in the study area had increased, different
levels of park accessibility among sub-districts were identified. Areas with high accessibility
are mainly located in the inner city or in sub-districts with large parks in the outer city.
For example, in 2015, with the completion of the Olympic Forest Park, the accessibility
of the surrounding areas increased. The result was consistent with previous studies in
Beijing [50-52]. Different areas experienced substantially different changes from 2000 to
2015; most of the sub-districts experienced a slight increase or decrease in park access,
areas with reduced accessibility are mainly in the city center, and a few were distributed
on the edge of the Sixth Ring Road. The sub-districts with increased park proximity were
adjacent to each other. The overall trend of increased accessibility might be mainly due to
an increase in park investments in individual areas, while others have seen little change or
even a decrease.

By investigating the quantity and proximity of parks, the study found that some areas
with a higher quantity of parks may not present higher proximity and vice versa. The
spatial inequality of park access in the study area means that it is necessary to pay more
attention to the population and urban development speed of the concerned areas. Local
governments might overemphasize the quantity of green space and may not pay sufficient
attention to the elaborate allocation of green space according to the development pattern of
the city [53]. Instead of large investment in large parks and green spaces in areas far away
from residents, the construction of parks should keep up with the regional urbanization
process [49].
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4.2. Spatiotemporal Disparity in Response to Population and Land Urbanization

The correlation analysis showed some interesting results in the relationship between
park proximity and urbanization data. First, for correlation analysis between park access
and population density, no significant differences were found in every single year. This
finding is similar to the previous study in Wuhan, which found inconsiderable correlation
between population density and walking accessibility to parks [20]. Wu and Kim [54]
investigated 221 cities in China and found that areas with high population density suffered
more serious inequity problems. Moreover, we found that the areas with higher urban land
proportion were disadvantaged at park accessibility in 2015, which means that the con-
struction of parks lags behind the urbanization process. Therefore, it is of great importance
for megacities to identify the areas with spatial inequity in park accessibility, especially
those areas that would experience continual urbanization. Research on the spatially explicit
changes in park accessibility would be necessary to guide the future planning and policy
implementation of green spaces [24,49]. The distribution and structure of urban parks
would be optimized effectively if greening strategies could be targeted toward the areas
with access deficit.

Second, more significant correlations were found between the changes in urban park
access and urbanization indicators. We found that the accessibility of parks over 2 ha is
mainly affected by urban land proportion in high-density cities like Beijing, while the pop-
ulation density is not a significant impact factor. Changes in accessibility from 2000 to 2005
are positively associated with population density, and in the latter part of 15 years, urban
land proportion exerted a positive and significant impact on park accessibility. In the initial
stage of the statistical years, population density was a dominating influencing factor of
park access, which helped in identifying the inequity of park accessibility in terms of urban
land use. This result showed that within the 2 km threshold distance, areas with higher
urban land use proportion had higher proximity. Areas with less developed urbanization
processes might have received less attention or investment for park construction, and there
might be no large demand for parks in suburban sub-districts.

In the light of the above findings, it is essential to consider both equities of the
distribution of and equities of changes in park access. We can find limited correlations
between the urbanization variables (population density and urban land proportion) and
park accessibility. However, urban land proportion has been identified as a key driving
factor of changes in park access in the correlation analysis. The local government should
consider the dynamics of park accessibility from the population and land urbanization
aspects and incorporate them into the analysis framework of the driving mechanism of
changes in park accessibility.

4.3. Policy and Urban Planning Promotion

Table 2 shows that the national and local governments have developed a series of
policies and standards to increase urban green spaces from 2000 to 2015. During 2000-2010,
the local government proposed the Beijing City Overall Plan (2004-2020) which promoted
the construction of Beijing’s first isolation greenbelt in 2001 followed by the launch of the
second isolation greenbelt construction in 2003, resulting in the substantial development of
parks and green spaces in Beijing. During the 12th Five-Year Plan period from 2011 to 2015,
the Beijing Municipal Government formulated the “Three Greening Actions Plan” and
other guidelines to further promote the construction of parks and green spaces in Beijing
and improve the urban ecological environment.
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Table 2. Policies and regulations of urban forest construction in Beijing.

Year Institution Item Relative Contents
2000-2010
- Increase the number of
Beijing Municipal .
.. ribbon parks and green
Commission of Green Space System
2002 . . spaces around roads and
Planning and Natural Planning in Beijing
waterways as well as country
Resources
parks
Beijing Municipal Beijing Master Plan Construction (.)f the .1n1t1a1
2004 two urban isolation
Government (2004-2020)
greenbelts
Ministry of Housing Standards of National Park green space service
2005 and Urban-Rural . . o
Landscape Garden City radius coverage > 70%
Development
. Increase green belt and build
2009 Beijing Municipal Green S pace Sy'sfem the ring-distributed urban
Government Planning in Beijing .
parks around the city
20102015
Strengthen urban park,
Beijing Municipal Regulations of Beijing country pat kand rural Park
2010 g N : construction and provide
People’s Congress Municipality on Greening .
more green activity spaces
for the public
Strengthen construction and
Beijing Municipal Beijing Public Green management and provide
2010 Forestry and Parks Land Construction behavior standards for public
Bureau Management Measures green land construction
management
Beijing Municipal Three Greening Actions  Increase per capita green area
2011 Forestry and Parks & p P 2g
Plan to 153 m
Bureau
. . Guidance for promoting
Ministry of Housing the healthy development Visible greenness in 300 m
2012 and Urban-Rural S .
of urban forestry and and visible parks in 500 m
Development . -
greening enterprise
2012 Beijing Municipal Beijing Wetland Set up wetland parks and

People’s Congress

Protection Legislation

wetland reserves

In this study, we found that the urban park supply has improved from 2000 to 2015
and the results were similar with some other cities in China. Wei [49] investigated the
changes in park accessibility from 2000 to 2010 in Hangzhou and found that both the
quantity and proximity of parks had improved. The spatiotemporal research in Wuhan
also found a synchronic increase in supply and demand of green spaces from 2010 to 2014
and highlighted the crucial impact of policy and urban planning factors on changes in park
accessibility [20]. Therefore, conducting a longitudinal study on park accessibility is essen-
tial for evaluating the outcomes of greening policies, and could inform policymakers and
stakeholders when it comes to adjusting park allocation and retaining rational accessibility
of urban parks, especially in the context of rapid urbanization.

Local governments should also consider the long-term tradeoffs of the standards and
policies related to urban parks and construction of green spaces. The shift from inequity
to equity cannot simply lie with increasing the park quantity. Therefore, taking both the
outcome and changes of park access into account is essential to the sustainable development
of efficient and effective urban planning policies [20,49]. Investigating changes in urban
park accessibility over time can reflect the outcomes of urban park construction and provide
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an opportunity for urban planners and policymakers to assess the distribution efficiency of
park allocation.

4.4. Contributions, Limitations and Implications

Our study evaluated the spatiotemporal disparity of accessibility of urban parks in
Beijing at different periods based on the Gaussian-based 2SFCA method provided by
Dai [21]. We also identified the change in park accessibility and analyzed the correlations
between that and urban land use and population density.

The study on park accessibility dynamics in Beijing is meaningful and practical for not
only other megacities in China, but also those large cities worldwide. Rapidly urbanizing
cities in developing countries might have been confronted with the problems of limited
park resources and spatial inequality (or social inequality); other cities in developed
countries may also face the problems of social and economic inequity in park access. This
longitudinal research could help us understand the relationship between accessibility
and the urbanization process [49]. Findings about the influence of land and population
urbanization on access inequity could provide practical insights into environmental justice
and help urban planners develop proper strategies of park allocation and construction for
future sustainable urban development.

This study has some limitations. The main research on urban parks and green spaces
accessibility focuses on three aspects: the acreage [15,55,56], the proximity [21,57] and the
quality of the parks and green spaces [27,58,59]. We adopted the static 2 km buffer zone to
calculate the proximity in this study, not via the route system. Available multi-temporal
spatially explicit urban road productions in the future could be applied to reduce the
uncertainty and error in park proximity evaluation. This research only considered two of
the above-mentioned factors, and the quality of the parks was not included in our analysis.
Previous research has pointed out that park quality is an important factor that affects
the access of public parks for residents [60]; some places may be poorly maintained or
have fewer amenities so that people who live nearby have relatively low accessibility. In
addition, park landscape feature extracted from high-resolution satellite imagery could be
incorporated in future research to improve park quality analysis. However, we have not
obtained the data for park amenities, cleanliness and maintenance. Park landscape feature
extracted from satellite imagery could be incorporated in future research to improve park
quality analysis. This study only considered the parks with an area of more than 2 ha, and
some micro parks were ignored. However, considering the land shortage of the inner city,
it is very difficult to develop large parks and green spaces in highly urbanized areas. In
addition, other kinds of green spaces, such as some informal green spaces, are neglected by
stakeholders, but they are also critical in providing urban ecosystem services [2]. Therefore,
more investment in pocket parks and informal green spaces could be considered due to the
scarce land resources, and research on park quality improvement such as an increase in
entertainment facilities and maintenance is also needed. Future research should pay more
attention to different social groups, especially vulnerable groups like children and senior
citizens, and reveal the disparities of different groups to inform local urban green space
planning.

5. Conclusions

This study evaluated the spatiotemporal distribution and changes of park accessibility
using the Gaussian-based 25FCA method within the Sixth Ring Road in Beijing over 15
years and the relationship between urbanization factors and park access was also analyzed
using bivariate correlation analysis. The results showed that overall park accessibility in
both quantity and proximity has increased in 15 years, but there are still certain regions that
have limited park access across the study area. Some areas with a greater quantity of parks
may not have higher park proximity and vice versa. The inequity of distribution of park
accessibility has been detected despite the rapid increase in park quantity in 2015. Results
of the correlation analysis showed that some significant correlations were found between
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the changes in urban park access and urbanization indicators. Changes in accessibility
from 2000 to 2005 are mainly associated with population density, and after that, there
was a significant positive correlation between park accessibility and land urbanization
instead. Therefore, the results corroborated that the supply of urban parks mismatched the
development of urbanization in terms of urban land use, and park access change might
not be influenced by population urbanization. Proper urban planning incorporated with
the distribution information of population density and urban land area is indispensable
to avoid the aggravation of inequity in the process of urban expansion and promote the
sustainable development of the megacity.
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