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	 Under the background of rapid urbanization, an in-depth understanding of the spatiotemporal 
variation characteristics of urban park systems is crucial for rational park allocation and 
sustainable ecological environment development. Using the central urban area of Beijing as a 
case study, we employed the Arc Geographic Information System（ArcGIS） and Fragstats 
platforms to analyze the spatial pattern and service level quantitatively. We also explored the 
overall features and partition disparities of the spatiotemporal changes in the urban park system 
from 2000 to 2020 and revealed their policy-driven factors. The results showed that the urban 
park system in the central urban area of Beijing has expanded continuously, with an average 
annual growth rate of 18.45% in the number of parks from 2000 to 2020. This growth exhibits 
four stage characteristics: rapid growth (2000–2005), more rapid growth (2005–2010), steady 
growth (2010–2015), and accelerated growth (2015–2020). The evolving park system tends 
towards complexity and diversification. The most significant direction of the dynamic change of 
the system varies across different stages, with the alterations between the fourth and sixth ring 
road being particularly prominent. Concurrently, the increase in the number of parks facilitates 
the continuous enhancement of the system’s service capacity while also aggravating the 
repetitive allocation of parks to some extent. Although the emphasis has shifted from quantity 
growth to rational layout development, there are still numerous park service blind areas and 
severe duplicate configurations in the city. Service levels also vary significantly among diverse 
zones, indicating unbalanced development across the system. Notably, the repetitive allocation 
situation of parks in some zones has exacerbated again in recent years, so it is urgent to pay 
attention to the scientific layout of parks. The priority of policy implementation is the main 
cause of these spatiotemporal differences in the system, which promotes the differentiated 
increase in the park number and subsequently leads to the unbalanced development of the 
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system. Finally, in this paper, we proposed corresponding optimization strategies as a reference 
for the accurate allocation and fine management of the park system.

1.	 Introduction

	 China has undergone more than 40 years of economic growth, social transformation, and 
spatial reconstruction since the start of reform and opening up. Concomitantly, urban 
development goals and people’s needs have evolved differently, and China entered a stage of 
high-quality development in 2020.(1) At the same time, China’s urban landscape construction 
standards are continually improving, and landscape greening continues to evolve, undergoing a 
shift from focusing on quantity growth to quality improvement.(2) Moreover, with increasing 
urbanization, cities continue to expand outward, leading to changes in the urban environment 
and its ecosystem. Finally, China’s green space system is becoming more comprehensive, with 
significant expansion in green spaces and a more rational pattern. Urban parks play a crucial role 
within this green space system and have shown distinct trends and characteristics in their spatial 
distribution. In recent years, the planning and implementation of the park system have become a 
crucial part of urban ecological environment assessment, and various cities have actively carried 
out research on the park system. Therefore, exploring the spatiotemporal characteristics of the 
urban park system holds significant practical implications in comprehending its current 
development status and future construction.
	 Most studies at home and abroad take parks as a whole or a part of urban green space for 
dynamic analysis. For instance, Zhou and Wang and Liu et al. studied the dynamic changes in 
urban green landscape patterns in cities like Kunming(3) and Shanghai,(4) respectively, by 
combining the overall and partition analysis methods, where they also analyzed the influencing 
factors related to policies. On the other hand, Xu et al. took the park as a whole and examined 
the spatiotemporal changes in green space patterns from various perspectives, such as 
emergency avoidance,(5) accessibility,(6) and supply–demand.(7) However, at present, in-depth 
studies on the urban park system primarily focus on static analyses within a given year, with 
research content mainly centered around assessing park accessibility, fairness, and layout 
optimization.(8–12) In recent years, some scholars have explored the spatiotemporal variation of 
the urban park system. However, their primary emphasis has been on the statistical analysis of 
spatial pattern alterations, such as in Zhengzhou,(13) Beijing,(14) Haikou,(15) and Wuhu,(16) rather 
than on comprehensive assessments. The current research on the spatiotemporal evolution of 
China’s urban park system is still in its early stages, with a notable absence of multi-temporal, 
multi-perspective, and comprehensive investigations into the underlying spatiotemporal 
evolution mechanisms. This deficiency leads to a lack of scientific guidance for optimizing the 
future park system.
	 Existing studies have revealed that spatial pattern analysis at home and abroad often uses GIS 
for spatial statistics and visualization, quantifies landscape metrics using the Fragstats platform, 
and characterizes spatial distribution differences through zoning.(3,4,13,14) The evaluation of 
service level mainly takes the balance between supply and demand as the measurement standard, 
based on metrics such as the service radius coverage rate of park green space and per capita park 
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green space.(17–19) Moreover, the evolution of green space is often analyzed in conjunction with 
policies, which are the leading factors for the change of green space in parks.(20,21) Therefore, 
using the central urban area of Beijing as an example, using GIS and the Fragstats platform, we 
studied a dual perspective, spatial pattern and service level, via integration of comprehensive 
analysis and partition analysis. We quantitatively analyzed spatiotemporal changes in the urban 
park system from 2000 to 2020 and revealed policy-driven factors to propose optimization 
strategies.

2.	 Materials and Methods

2.1	 Overview of study area

	 As the capital of China, Beijing is one of the fastest-growing and most densely populated 
cities in China and the world. Since Beijing's bid for the Olympics in 2001, the construction of 
the city’s park system has grown rapidly. The central urban area of Beijing is of immense 
importance as a core component of its spatial structure and plays a crucial role in building a 
harmonious and livable city. In this study, we focused on the central urban area of Beijing, which 
spans from 116°2’E to 116°38’E and 39°45’N to 40°9’N. It encompasses six districts: Dongcheng, 
Xicheng, Chaoyang, Haidian, Fengtai, and Shijingshan. The total area covered by these districts 
amounts to approximately 1378 square kilometers (Fig. 1).(22) Moreover, the urban road network 
structure of Beijing divides the central urban area into different ring layers, such as the second, 
third, fourth, fifth, and sixth ring roads.

2.2	 Study data

	 We divided the urban park system of Beijing from 2000 to 2020 into five phases: 2000, 2005, 
2010, 2015, and 2020. On the basis of the five-period historical remote sensing images as the 
primary data source, and according to the List of Beijing City Parks (first batch)(23) published on 
April 25, 2023 and the park category assessment conditions(24) published by the Beijing 

Fig. 1.	 (Color online) Location of study area.



3092	 Sensors and Materials, Vol. 36, No. 7 (2024)

Municipal Bureau of Landscape, the parks were checked and supplemented by visual 
interpretation, and the location, scale, and outline of the parks at each time node were 
determined. The detailed information of each park was recorded through the GIS platform, and 
we established the database of the five-phase urban park system (Fig. 2). According to the Urban 
Green Space Planning Standard (GB51346-2019),(17)  we divided the parks into six levels 
according to their size, namely, Level 1 (≤1 hm2), Level 2 (1–5 hm2), Level 3 (5–10 hm2), Level 4 
(10–20 hm2), Level 5 (20–50 hm2), and Level 6 (> 50 hm2). 
	 The map of China was drawn according to approval number GS (2019) 1818 issued by the 
Ministry of Natural Resources, PRC. The administrative boundaries of each district in the 
central urban area of Beijing were registered and drawn in GIS software following to the basic 
geographic map of administrative boundaries issued by the Beijing Municipal Commission of 
Planning and Natural Resources (approval number Jing S (2022) 019), combined with remote 
sensing image maps, for zoning analysis and statistics.
	 In view of the need of big data for spatiotemporal research, the point of interest (POI) data of 
residential communities in the central urban area of Beijing was obtained through the Gaode 
Map to reflect the residential built environment of the urban area. On the basis of data demand 
and acquisition, the POI data included four time nodes (2005, 2010, 2015, and 2020) to calculate 
the service level at the end of each research period. 
	 All urban-park-related policies involved in the study, including park-related standards, 
planning, opinions, and other information at various levels, were mainly obtained through 
government departments such as the Landscaping Bureau, the Development and Reform 
Commission, and the Planning and Natural Resources Commission.

2.3	 Study methods

2.3.1	 Spatial level of analysis

	 We employed a two-tiered spatial analysis framework, encompassing overall and partitioned 
approaches, to investigate the urban park system from a whole perspective, along various 

Fig. 2.	 (Color online) Map of urban park system from 2000 to 2020.
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directions, and with diverse buffers. Among them, the directional analysis helps study the effect 
of urban construction in different directions on the urban park system, and the concentric 
analysis can reflect the gradient change of the park system from an urban construction center to 
a suburban area.
	 With Tiananmen Square as the center, the central axis of Beijing as the north–south axis, and 
roads from the second ring road to the sixth ring road as the buffer distance, we introduced a 45° 
fan-shaped azimuth division and a six-ring buffer division in the study area. Ultimately, we 
divided the research area into eight sectors (Ⅰ–Ⅷ) for the directional analysis and six buffers 
(A–F) ranging from the center to the second ring, third ring, fourth ring, fifth ring, sixth ring, 
and outside the sixth ring for the concentric analysis (Fig. 3).

2.3.2	 Spatial pattern analysis

	 The contents of spatial pattern analysis mainly included scale change and landscape pattern 
change. Among them, we measured the scale change by the number of parks and its dynamic 
change degree (DCD), which expresses the growth rate of the number of parks and reflectes the 
change rate of a certain type of park in a given period. The specific formula of the DCD is(25)

	 1 100%b a

a

P PK
P T
−

= × × ,	 (1)

where K is the DCD of the urban park system, Pa and Pb are the numbers of parks in the urban 
park system at the start and end of a period, respectively, and T is the period in years.
	 Landscape metrics are usually used to quantify the spatiotemporal changes in landscape 
pattern configuration,(3,4) which can be measured with the software Fragstats 4.2. We selected 
six landscape metrics, namely, three class-level metrics and three landscape-level metrics, to 

Fig. 3.	 (Color online) Directional and concentric zones of the urban park system.
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analyze the heterogeneity of the park system (Table 1), reflecting the complexity and diversity of 
the urban park system.

Table 1
Landscape metrics.
Metrics Equations

Class level

Percentage of landscape 
(PLAND)

Pi = proportion of the 
landscape occupied by 
patch type (class)i. aij = 
area (m2) of patchij. A = 
total landscape area (m2). 
Unit: Percent.

Patch density 
(PD)

ni = number of patches in 
the landscape of patch-
type classi. A = total 
landscape area (m2). Unit: 
Number per 100 hectares.

Landscape shape index 
(LSI)

eik
*  total length (m) of edge 

in the landscape between 
patch types (classes) i and 
k, including the entire 
landscape boundary and 
some or all background 
edge segments involving 
classi.
A = total landscape area 
(m2).

Landscape 
level

Aggregation index 
(AI)

gii = number of like 
adjacencies (joins) 
between pixels of patch 
type (class)i based 
on the single-count 
method. max → gii = 
maximum number of 
like adjacencies (joins) 
between pixels of patch 
type (class)i (see below) 
based on the single-count 
method.
Pi = proportion of the 
landscape occupied by 
patch type (class)i. Unit: 
Percent

Shannon’s diversity index 
(SHDI)

Pi = proportion of the 
landscape occupied by 
patch type (class)i.

Shannon’s evenness index 
(SHEI)

Pi = proportion of the 
landscape occupied by 
patch type (class)i, m = 
number of patch types 
(classes) present in the 
landscape, excluding 
the landscape border if 
present.
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2.3.3	 Service level analysis

	 The content of the service level analysis consisted primarily of the coverage rate and overlap 
rate of the park service. We quantified these two metrics mainly based on the residential scale 
covered by the service radius of the park’s green space. On the basis of the latest standards, the 
service radius of parks of 5000 m2 and above is set at 500 m, then the service radius of parks 
under 5000 m2 is set at 300 m.(18,19) We used the POI data of residential communities to reflect 
the residential built environment and to calculate the service level at the end of each research 
period, the POI data included four time nodes (2005, 2010, 2015, and 2020).
	 Park service coverage is expressed as the proportion of the number of residential communities 
covered by the park service radius. The formula is 

	 100%rPoi
r

rPoi

MK
A

= × .	 (2)

	 The park service overlap rate is expressed as the proportion of the number of residential 
communities covered by repeated coverage to the total coverage. The formula is

	 100%rPoi
r

rPoi

mk
M

= × ,	 (3)

where Kr represents the coverage rate of park service, that is, the proportion of residential 
communities covered by the park service radius (unit: %), MrPoi is the number of POIs of 
residential communities covered by the park service radius, and ArPoi is the total number of POIs 
of the residential communities. The larger the Kr, the stronger the service capacity t of the park 
system. kr represents the overlap rate of park services, that is, the proportion of residential areas 
repeatedly covered by the park service radius (unit: %). mrPoi refers to the number of POI of 
residential communities repeatedly covered by the park service radius. The larger the kr, the 
more serious the duplicate configuration of the park system.

3.	 Results

3.1	 Variation of spatial pattern of park system

3.1.1	 Overall pattern analysis

	 From 2000 to 2020, the number of parks in the central urban area of Beijing continued to 
increase, with an average annual increase of 18.45%, and the added parks were mainly 
distributed on the periphery of the core area (Fig. 4). Among them, Level 3 parks underwent the 
most rapid changes, exhibiting a DCD as high as 22.92%. The DCD of parks at all levels 
presented is ordered as: Level 3 > Level 2 > Level 1 > Level 4 > Level 5 > Level 6. At different 
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stages, between 2000 and 2005, there was a DCD of 9.86%, with Level 1 to Level 4 park 
numbers increasing rapidly at approximately 10% per year. Subsequently, from 2005 to 2010, the 
number of parks increased significantly, with a DCD of 16.43%, the growth rate of parks at all 
levels increased by more than 12%, and the DCD of Level 5 parks was as high as 30%. Between 
2010 and 2015, although park numbers continued to increase across all levels, the DCD was 
relatively small at less than 8%. However, from 2015 to 2020, the DCD increased again compared 
with the previous phase. Overall, the DCD in the park system from 2000 to 2020 showed a trend 
of first increasing, then decreasing, and then adding. We divided the whole into four growth 
stages: rapid growth, more rapid growth, steady growth, and accelerated growth. Moreover, 
there were differences in the changes of different levels of parks in diverse phases.
	 To further investigate the overall pattern change in parks across all levels, we employed class-
level and landscape-level metrics to quantify the landscape pattern transformation. We revealed 
that the percentage of landscape (PLAND) and patch density (PD) for Level 1 to Level 5 parks 
increased significantly (Fig. 5). Notably, there was a rapid rise in the PLAND of Level 5 parks 
from 2005 to 2010, primarily the expansion of country parks in the suburbs. However, while the 
proportionate acreage occupied by Level 6 parks remained superior, it decreased over time, 
suggesting that the number of smaller parks has substantially increased, leading to an increased 
degree of fragmentation in the urban park system. Furthermore, we observed that the landscape 
shape index (LSI) for all levels of parks has been consistently increasing over time, indicating 
that park shapes were becoming increasingly complex, with smaller parks exhibiting greater 
complexity. These class-level findings highlighted that urbanization has increasingly restricted 
the construction of parks. In conjunction with the analysis of the landscape-level metric of the 
urban park system (Table 2), we observed an apparent downward trend in the aggregation index 
(AI), suggesting that while the number of parks continued to increase, the distribution of parks 
was expanding outwardly. Meanwhile, the Shannon diversity index (SHDI) and Shannon 
evenness index (SHEI) demonstrated a notable upward trend, suggesting a gradual diversification 
of park types and an increase in fragmentation. However, it has fortified the relative balance 

Fig. 4.	 (Color online) Dynamic change degree of park system from 2000 to 2020.
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between parks at all levels. Overall, the above findings demonstrated that with the progression of 
urbanization, urban parks across all levels continued to enrich and expand the construction of 
the urban park system, accompanied by more significant interference from urbanization, and the 
urban park system tended to be complicated and diversified. Consequently, the construction of 
the future park system needs more precise strategies to promote its development.

3.1.2	 Partition pattern analysis

	 Through the directional analysis, we found that the number of parks in the eight directions of 
the park system significantly increased from 2000 to 2020. However, there were significant 
differences in the growth rate in each orientation (Fig. 6). In terms of the growth in each stage, 
initially, from 2000 to 2005, the number of parks in each direction increased rapidly, with the 
DCD in directions VI and VII exceeding 15%. Next, from 2005 to 2010, more rapid growth 
occured in all orientations, with the DCD in directions I to III surpassing 20%, reaching a peak 
of 28.63% in direction II. Following this, from 2010 to 2015, the growth rate in all orientations 
slowed down, with the DCD falling below 10%, and that in direction Ⅶ being the highest at 
7.55%. Finally, from 2015 to 2020, the DCD of all orientations increased again, with that in 
direction III reaching 16.18%. Overall, there were distinct differences in the DCD in different 
directions at various stages. Although the number of parks in each orientation has demonstrated 
a significant increase, the direction of the most significant change in the park system has been 
changing with urban development.
	 Through the concentric analysis, we observed a significant increase in the total number of 
parks within the different buffers from 2000 to 2020. However, the growth rates in each buffer 
showed striking differences (Fig. 7). Notably, the DCD in buffers D and E increased to 30%, 
indicating the most substantial growth. In terms of the increase in each stage, initially, the 
dynamic variation in buffers C and D during 2000–2005 was the highest, about 16%. Next, from 
2005 to 2010, the growth in buffers D and E was conspicuous with a DCD surpassing 20%, and 

Fig. 5.	 (Color online) Changes in class-level metrics: (a) PLAND, (b) PD, and (c) LSI.

Table 2
Changes in landscape-level metrics.
Metric 2000 2005 2010 2015 2020
SHDI 0.96 1.09 1.24 1.27 1.33
SHEI 0.54 0.61 0.69 0.71 0.74
AI (%) 99.02 98.85 98.59 98.57 98.45 
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the dynamic variation in buffer E was as high as 30.63%. Following this, from 2010 to 2015, the 
DCD decreased significantly but showed an increasing trend toward suburban areas, where there 
was more construction of peripheral parks. Finally, from 2015 to 2020, the DCD in buffers A to 
E increased again. The findings highlighted notable disparities in the DCD of the park system in 
different buffers at varying stages. Among them, the DCD of each phase within the third ring 
road was less than 10%, and the most significant DCD was mainly in the zones between the 
fourth and the sixth ring roads.

Fig. 6.	 (Color online) Dynamic change degree of park system in different directions.

Fig. 7.	 (Color online) Dynamic change degree of park system in different buffers.
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3.2	 Variation of service level of park system

3.2.1	 Overall service level analysis

	 The continuous growth of the park system led to an increase in the coverage rate of park 
services from 2000 to 2020, reaching 71.48% in 2020. Concurrently, the overlap rate of park 
services also increased, peaking at 63.93% in 2020, reflecting the severe duplicate configuration 
situation of the park system (Table 3). Notably, the overlap rate surged from 54.61 to 63.22% 
from 2005 to 2010, indicating that the more rapid increase in park numbers exacerbated the issue 
of duplicate park services to some extent. However, after 2010, the overlap rate stabilized, 
showing that the park system began to focus on the rational layout of parks. Among them, the 
300 m service radius park was primarily utilized to supplement park system construction in the 
initial stages, with the overlap rate decreasing. Notably, during 2015–2020, the overlap rates of 
the parks with 300 and 500 m service radiuses parks significantly increased again. We 
emphasized the pressing need for attention to the rational layout of parks at all levels to prevent 
resource wastage. To provide a more intuitive representation of the park system’s service level, 
we visualized the coverage of park services at different time nodes and conducted kernel density 
analysis on the POI of residential communities within the service radius. As depicted in Fig. 8, 
with the advancement of urban construction, the park system has gradually expanded outward, 

Table 3
Change in park service levels.

Year
Park service coverage rate Park service overlap rate

300 m service 
radius (%)

500 m service 
radius (%) Total (%) 300 m service 

radius (%)
500 m service 

radius (%) Total (%)

2005 1.77 54.77 55.14 15.49 53.71 54.61
2010 3.02 63.29 63.89 8.29 61.84 63.22
2015 3.26 67.96 68.28 7.93 62.14 62.62
2020 3.93 70.52 71.48 10.31 64.19 63.93

Fig. 8.	 (Color online) Coverage area of park service radius and POI core density of residential communities.
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and the service coverage of urban parks has also been continuously improved. Nonetheless, by 
2020, there were still numerous blind areas within the scope of the fifth ring road of the city, 
indicating that a large number of parks and green spaces were still insufficient to meet people’s 
needs for nearby recreation.

3.2.2	 Partition service level analysis

	 We further analyzed the service level of the park system by combining eight directions and 
six buffers and found that the service level of the park system in different zones had significant 
spatiotemporal differences. From the perspective of varying directions, the coverage rate of each 
stage exhibited an increasing trend, albeit the coverage rate among orientations displayed 
notable disparities (Fig. 9). In 2005, the coverage rate in direction Ⅵ reached 63.36%, whereas 
the coverage rates in other directions were under 60%, with that in orientation Ⅱ being only 
45.66%. With the acceleration of the construction of the park system in each partition, the 
coverage rate in each direction exceeded 65% by 2020, attaining a higher service capacity of the 
park system, of which that in direction II reached 79.34%. At the same time, the overlap rate in 
different directions also showed an overall upward trend, but the overlap rate in all directions 
was significantly different. In 2005, the overlap rate in direction Ⅵ with a higher coverage rate 
was merely 29.93%, indicating that the park distribution was reasonable at this time. From 2005 
to 2010, the overlap rate increased significantly, with that in orientation II increasing rapidly 
from 47% to 66.81%, indicating that the excessively rapid increase in the number and coverage 
of parks conversely aggravated the repeated configuration of parks in this area to a certain 
extent. Since 2010, the overlap rate has exhibited a downward trend, signifying that the park 

Fig. 9.	 (Color online) Service level of the park system in different directions.
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system has begun to approach a more rational distribution. However, the overlap rate in direction 
VI has been increasing at a relatively fast speed, necessitating urgent attention to the accurate 
allocation of parks in this area. After 2015, the overlap rate in directions Ⅴ to Ⅷ all increased. 
By 2020, the overlap rate in all directions was almost exceeded 60%.
	 From the perspective of different buffers, the coverage rate was also on the rise overall, but 
the coverage rates among buffers were significantly different (Fig. 10). In 2005, the coverage 
rates in buffers C to F were less than 60%, suggesting that the construction of the peripheral 
park system in the urban core area was not yet perfect. From 2005 to 2010, the coverage rates in 
buffers D and E increased more rapidly, indicating a significant increase in the service capacity 
between the fourth and sixth ring roads. With the acceleration of the construction of each 
buffer’s park system, the coverage rates in buffers A to E exceeded 65% by 2020, reaching a 
high state of service capacity, with that in buffer D reaching 78.67%. Concurrently, the overlap 
rates in different buffers also showed a rising trend overall, but the overlap rate in each buffer 
varied significantly. In 2005, the overlap rates in buffers C to E with the lower coverage rates 
were also smaller, among which, that of buffer E was only 34.13%, primarily owing to the 
imperfect park system construction. From 2005 to 2010, the overlap rate increased significantly, 
especially in areas outside the core. After 2010, the overlap rate showed a distinct downward 
trend, and the park system began to approach a rational layout. However, the overlap rate in 
buffer E has been growing at a relatively fast speed, suggesting a trend of irrational park 
allocation. After 2015, the overlap rates in buffers B and D also began to increase. By 2020, the 
overlap rate within the sixth ring almost exceeded 60%.
	 In general, the construction of the park system is constantly improving, and it has shifted 
from focusing on quantity growth to high-quality development of reasonable layouts. However, 

Fig. 10.	 (Color online) Service level of  park system in different buffers.



3102	 Sensors and Materials, Vol. 36, No. 7 (2024)

there were still many park service blind areas and serious duplicate configurations in the city. 
Furthermore, significant disparities in service levels among different districts contributed to an 
uneven park system development. Notably, at the same time as the rapid increase in the number 
of parks to improve the service capacity of the park system, the unreasonable layout further 
aggravated the phenomenon of repeated park configuration. In recent years, the repeated 
configuration in some zones has worsened again, so it is essential to pay attention to the 
scientific layout of parks in different zones and accurately improve the service level of the park 
system.

4.	 Discussion

4.1	 Analysis of policy-driven factors

	 By meticulously analyzing key greening policies from 2000 to 2020, we further explored 
how policies affected the formation of spatiotemporal characteristics of the urban park system 
(Fig. 11).
	 From 2000 to 2010, landscaping was mainly affected by a series of government policies under 
the influence of green isolation construction projects and the Olympic Games, and the change in 
the park system primarily manifested in the increase in the number of parks. From 2000 to 2005, 
influenced by the successful bid for the Olympic Games, the Beijing Urban Green Space System 
Planning aimed to achieve a 40% green coverage rate by 2005, during which the number of 
urban parks increased rapidly.(26) Concurrently, Beijing launched the First Green Isolation Belt 

Fig. 11.	 Relationship between the evolution of important green policies and the spatiotemporal changes of the park 
system from 2000 to 2020.

Note: The first green isolation area (referred to as the "One Green" area) is located between the third ring road and the fifth ring road. 
The second green isolation area (referred to as the "Two Green" area) is mainly located from the fifth ring road to the sixth ring road.
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construction project on a large scale, leading to the most rapid growth in the number of urban 
parks between the third and fifth ring roads,(27) among which the Fengtai District actively 
implemented the greening task of the green separation area, and the park system changed 
significantly. From 2005 to 2010, the construction of the park system was aimed mainly to 
achieve the 2008 Olympic greening target as the key, and through the statutory planning to 
regulate the park system.(28,29) During this period, the number of parks at all levels experienced 
a sharp increase, with the number of parks in the Chaoyang District, particularly in the area 
surrounding the Olympic Forest Park, exhibiting the fastest growth.(30) Simultaneously, the 
initiation of construction on the First Green Isolation Area Country Park Ring and the emphasis 
on the construction of a Second Green Isolation Area directly contributed to the emergence of a 
multitude of country parks in the suburbs, with the parks situated between the fourth and sixth 
ring roads exhibiting the most rapid growth.(31,32) At the same time as the rapid increase in the 
number of parks, we also found that the overlap rate of park services also increased rapidly, 
exacerbating the duplicate configuration of the park system. In this period, the park system 
overemphasized the increase in the number of parks and lacked a reasonable layout for the park 
system.
	 From 2010 to 2020, landscaping was mainly influenced by urban development planning and a 
series of government policies under the influence of the China International Garden Expo 
(Beijing), and the park system shifted to a high-quality development stage. From 2010 to 2015, 
Beijing’s park system expanded steadily, with the Expo’s influence significantly improving the 
greening around the exhibition venue, where the number of parks in the Fengtai District, 
particularly around the Expo Park, increased relatively rapidly during this period.(33) From 2015 
to 2020, the expansion pace of the park system accelerated again. During this period, China 
pursued high-quality development, focusing on the imbalance of urban growth, and advocated 
for continuously increasing the total amount of green space and reinforcing the development of 
small and green microspaces to eradicate blind spots covered by parks, which led to a relatively 
rapid increase in the number of parks.(22) Concurrently, to strengthen the connection between the 
central urban area and the urban subcenter, the Chaoyang District proposed the establishment of 
a green corridor connecting the urban subcenter, where the number of parks in the zone linking 
the urban subcenter in the Chaoyang District increased rapidly.(34) At the same time as the 
deceleration of the growth rate in the number of parks, we also revealed a slowdown in the 
growth of the park service overlap rate. During this era, the park system ceased to prioritize 
merely an increase in the number of parks and instead began to emphasize the rational layout of 
parks.
	 Through the above research, we found that the policy at the municipal level emphasized the 
improvement of green indicators, directly promoting the overall growth of the number of parks, 
whereby the park system as a whole expands outward. However, the differences in spatiotemporal 
changes in the park system were closely related to the emphasis of policy implementation, and 
the execution of policies was often responsive to the pressing demands of urban development. 
These policies can better demonstrate their effectiveness by leveraging specific aspects, such as 
the rapid increase in the number of large-scale parks in the outer ring region following the 
construction of a country park ring. Furthermore, policy implementation for major events like 
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the Olympic Games and the Expo was concentrated on specific areas of various districts, with 
the growth of parks primarily centered around the event’s core site. Similarly, the development 
of the green isolated areas and the requirements for connecting the subcenter also strengthened 
the growth of parks primarily within designated areas. Notably, policy support was particularly 
heavy between 2005 and 2010, which directly led to a swift expansion of the park system. The 
robust execution of these strong oriented policies has significantly accelerated the differential 
growth of the number of parks in specific periods, types, and zones, also resulting in an 
imbalanced development of the park system to some extent. Overall, policies had a profound 
impact on the construction of the park system, with the intensity and orientation of these policies 
directly influencing the strength of park system construction at different levels, zones, and 
stages. 

4.2	 Park system optimization strategies

	 An accurate understanding of the spatiotemporal characteristics of the park system is 
essential for the high-quality development and management of Beijing’s urban park system. On 
the basis of the characteristics and changing trends of Beijing’s park system, we put forward the 
optimization direction of Beijing’s park system layout and policy management strategies.

4.2.1	 Precise configuration: to achieve a balanced layout of the park system​

	 To eliminate blind spots in park service coverage as soon as possible, the construction of the 
park system should rationalize park locations at all levels while increasing their number, thereby 
preventing resource wastage due to excessive park allocation and ensuring a balanced 
distribution of parks, ultimately ensuring that all the city’s residents can enjoy the park service. 
Hence, in the future construction of the park system in the central urban area of Beijing, we 
should improve the park construction of the blind area of park service coverage as quickly as 
possible and preferentially realize the construction of parks in areas with elevated residential 
intensity in blind areas. After visualizing the POI points of the uncovered residential areas, we 
can intuitively find that the construction of the park system in the central urban area of Beijing 
in the future should speed up the construction of small and green microspaces to meet the park 
service supply within the third ring road (Fig. 12). Concurrently, the “One Green” area with high 
residential intensity is still the emphasis of construction. Furthermore, with the outward 
expansion of urban construction, it is necessary to strengthen the supply of parks in suburban 
built-up areas to achieve full coverage of the park system service. 

4.2.2	 Fine management: to efficiently improve the service level of the urban park system

	 The development of the park system necessitates the development of scientific and 
comprehensive statutory documents for guidance, such as master and green space system 
planning. Moreover, it also requires various policies to ensure the successful implementation of 
these plans. During the park system construction process, to satisfy the requirements of sub-
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indexes, administrative departments should strictly control the time node and specify the precise 
regions to issue policy documents, including requirements, notices, and opinions, to directly 
guide the implementation of urban park construction. At the same time, the district governments 
should enhance the awareness of sharing among all the people to vigorously promote the 
practical implementation of park system planning and construction in each region. Future 
policies should also take the clear orientation and intensity of the policy support of greening 
isolated areas as a reference to propose high-intensity and strong regionally oriented policies for 
each regional park system and strive to formulate the Beijing One Region One Policy to achieve 
the fine management of the construction of the urban park system. As a final note, the 
government should set up a performance appraisal mechanism for the construction of the park 
system to supervise the effective implementation of the policy, and thereby effectively promote 
an urban park system that serves all people.

5.	 Conclusions

	 Park system planning is a new measure for adopting the development situation and needs of 
the urban ecological environment in the new era of China. It is essential to understand the 
evolution mechanism of the urban park system to provide scientific guidance. With the 
progression of urbanization, the urban park system has become more complex and diversified. 

Fig. 12.	 (Color online) POI quantity distribution of residential communities in the blind area of park system service 
coverage.
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Taking the central urban area of Beijing as an example, we deeply analyzed its evolution 
mechanism on the basis of spatial patterns and service levels, combined with policy-driven 
factors. We revealed that the spatiotemporal variation of the park system has significant 
differentiation characteristics. The degree of development and emphasis in different periods 
have been changing with the changes in intensity of policy support and implementation 
emphasis. Although the park system has entered the stage of high-quality development, there are 
still many park service blind areas and serious duplication. The development of the park system 
is also unbalanced. Notably, in recent years, the repeated configuration of parks in some zones 
has exacerbated again. It is essential to pay attention to the precision of park location in the 
development stage of urban stock to avoid resource wastage. In short, the future construction of 
the park system should include not only scientific planning the park layout, but also 
encouragement of governments at all levels to implement strong oriented policies for fine 
management to avoid excessive allocation and unbalanced development of parks resulting from 
the pursuit of a single index, and the enjoyment of parks by all people should be ultimately 
realized.
	 Compared with previous studies, the innovations in this study are as follows. We selected a 
relatively novel spatiotemporal research subject and analyzed the spatiotemporal evolution of the 
urban park system rather than urban green space, which is closely related to people’s daily life. 
We conducted multiperiod research combining urban development with phases, with the 
research period closely corresponding to the stages of urban development in China from the 
Tenth Five-Year Plan to the Thirteenth Five-Year Plan. We performed a multi-perspective 
analysis of urban supply and demand, combining the spatial pattern reflecting objective supply 
and the service level reflecting material supply and demand to examine the spatiotemporal 
characteristics. We conducted an in-depth exploration of the formation of the evolution 
mechanism and analyzed different spatial scales, including the whole area and regions, to 
strengthen the accurate diagnosis of spatiotemporal features and identification of key zones. 
Furthermore, we combined the spatiotemporal difference characteristics with the analysis of 
policy evolution to deeply explore the change mechanism of the park system. 
	 Nonetheless, there are still some limitations in this study, which is mainly focused on the 
characteristics of spatiotemporal changes and the selection of relatively key indicators for 
analysis. However, the spatiotemporal characteristics of the park system and its influencing 
factors are extremely complex. In the future, we can further establish more dimensional and 
multistandard evaluation index systems for spatiotemporal changes in the park system for in-
depth analysis. This will scientifically guide the planning and construction of the urban park 
system.
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