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Abstract: Urban-scale green spaces have been a central topic as of late, but community-scale green
spaces are overlooked in urban studies. This paper takes community green spaces in the main
urban area of Beijing as the case to quantitatively interpret the spatial-temporal patterns of their
service efficiency and distribution characteristics. The measurement section of the paper includes
two parts: the first part compares the applicability of two major green space service efficiency
measurement methods on the community scale and determines that the Shortest Time Distance
method performs better in describing the spatial-temporal patterns of service efficiency. The second
part applies the Time Distance Entropy method to initially identify the locational relationship between
community green spaces and neighboring residential buildings, then proposes the Green Space
Distribution Coefficient method based on this relationship to analyze the ‘courtyard’, ‘mixed’, and
‘centralized’ distribution types alongside the transition relationships between them, and the spatial-
temporal patterns of distribution characteristics are measured. The results of service efficiency
reveal that the community paradigms transform from ‘humanistic-oriented’ to ‘benefit-oriented’
as the Shortest Time Distance measurement values show an ascending trend with the passage of
years and the outward expansion of the ring roads. The results of distribution characteristics reveal
that the community residential culture transforms from ‘closeness’ to ‘detachment’ as Green Space
Distribution Coefficient measurement values show a descending trend under the same conditions.
Based on the measurements, this paper further provides several optimizing strategies for community
green spaces in the central urban area of Beijing.

Keywords: community green spaces; community paradigm; distribution characteristics; residential
culture; service efficiency; spatial-temporal patterns

1. Introduction

Green space is an integral part of the urban function, carrying irreplaceable landscape
and ecological values [1]. As a place for outdoor activities, it also holds a distinctive public
service attribute [2], driving the evaluation of its service quality to become a major issue in
the built environment [3]. Evaluation of the environmental quality of green spaces is mainly
based on the service efficiency indicator [4], and its prevalent measurement methods are:
1. Regional Statistic method; 2. Gravity Model method; and 3. Shortest Distance method [5].
The three methods have been widely applied in urban-scale green space studies [6–8],
and it is worth noting that the cases in the previous studies are parks, squares, and other
places of city scale [9–11]. For instance, Tang focused on the impact of urbanization on
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the spatial-temporal patterns of green spaces [12]; Sun et al.analyzed the spatial-temporal
distribution of urban land from several small towns in China [13]; Borana et al. evaluated
urban growth through Remote Sensing, GIS, and Shannon’s Entropy Model, which can be
effectively applied in Bhilwara City, Rajasthan [14]. However, they are all implemented
on an urban scale, and research in the community context is still limited. Furthermore,
research in the community context is still limited. Green spaces of community scale can
carry more intimate and convenient public activities than those of city scale [15], while
their distribution characteristics are more diverse and show distinct pattern differences
with the passage of time and the shift in urban locations [16,17], reflecting the orientation
transformation of community paradigms and residential cultures [18].

Therefore, this paper raises the following research questions: 1. How can service
efficiency measurement methods of urban-scale green spaces be appropriately applied at the
community scale? 2. How can one quantitatively measure the distribution characteristics of
community green spaces based on service efficiency indicators? 3. What changes have taken
place in the service efficiency and distribution characteristics patterns of community green
spaces in the spatial and temporal dimensions, respectively? 4. What kind of orientation
transformation do the patterns reflect in the community paradigms and residential cultures
of Beijing? This research investigates the above issues using the main urban area of Beijing
as the study area.

2. Background

The feasibility of evaluating the qualities of green space through service efficiency
indicators has received considerable academic acknowledgement [19–21]. In 1997, Pearce
introduced the concept of Nature’s Service, arguing that landscape green space is an
essential part of urban life [22]. Coombes took the example of Bristol, UK to argue that
urban green space accessibility indicators can significantly influence the quality of its
services [23]. In China, Yu et al. advocated that the service efficiency of urban green spaces
should be measured by human-oriented accessibility indicators [24], and, following this
perspective, Liu et al. focused on two major forms of green space, urban parks and squares,
to explore the applicability of various measurement methods [25] and concluded that the
Regional Statistic method measures service efficiency based on green space per capita,
activity attendance, etc., and its measurement results are superficial [26]. The Gravity
Model method recognizes the bidirectional relationship between green space supply and
resident demand and measures the service efficiency through a weighted operation based
on the distance between supply and demand spots [27]. The Shortest Distance method
measures service efficiency through the indicators of spatial distance, time distance, or
other accessibility cost factors [28].

The above methods have also raised many related studies on the distribution character-
istics of green spaces: Olsen et al. described the distribution characteristics of green spaces
in Georgia, USA in the middle of the last century using the Gravity Model method [29].
Comber et al. combined the Regional Statistic method with microeconomic theory to
explore the effect of differences in residents’ religious identity on the distribution of urban
green spaces [30]. Tang et al. derived the evolutionary trend of public green space in
Shanghai from geographical equity to social equity by a joint analysis using Gravity Model
and Shortest Distance methods [31]. However, most of the existing studies were conducted
on urban-scale green spaces, and few studies are on a community scale.

Compared with urban-scale green spaces, community green spaces carry a higher
frequency of public activities and can clearly reflect the living conditions of residents [32],
while their patterns clearly vary with the change of planning orientations in the spatial and
temporal dimensions (Figure 1 shows diagrams and photographs of typical community
green spaces at different built year ranges). Therefore, this paper fills the gap in green
space study on the community scale and proposes accurate quantitative measurement
methods for the service efficiency and distribution characteristic indicators, alongside their
spatial-temporal patterns in the main urban area of Beijing.



ISPRS Int. J. Geo-Inf. 2022, 11, 610 3 of 23

Figure 1. Diagrams and photographs of typical community green space in each time stages.

3. Methodology
3.1. Case Selection and Data Sources

Housing policies and design specifications can pose a significant impact on the main
urban area [33–35], so the study selected six main urban districts of Beijing as the study
area, which are delineated according to the ring roads and street boundaries (Figure 2).
Among the selected districts, Xicheng District and Dongcheng District are located within
the 2 ring road and are the political-administrative districts of Beijing. Chaoyang District
and Haidian District are mainly located within the 2–5 ring roads and carry Beijing’s
financial and educational functions, respectively. Fengtai District and Shijingshan District
are located in the western and southern suburbs of the city, respectively, carrying a large
residential population. It should be emphasized that within the second ring road is the
Historic Landscape Preservation Area [36], and there are special community types such as
courtyards and single-family dormitories [37] that may affect the regional measurement
results, so the area within the second ring road is excluded.

The data are of two categories: (1) urban-scale data, including the Shapefile data of
main urban districts, ring roads, and 141 streets in the study area that were directly obtained
from the OSM website [38]; and (2) community-scale data, including 3142 community
boundary Shapefile data, 24,341 residential building AOI (Area of interest) data, and
20,109 green space AOI data in the study area, among which the community boundary
data were obtained from the OSM website; residential building data were provided by
the National Tibetan Plateau Data Center [39], and green space data were drawn from the
Google Satellite Map [40].

3.2. Study Features and Measurement Methods
3.2.1. Measurement Methods of Service Efficiency

To accurately measure the service efficiency, the Regional Statistic method with low
accuracy was excluded. In the Gravity Model method, the Gaussian-based 2-Step Floating
Catchment Area (hereafter 2SFCA) method, which is widely applied in urban-scale green
space studies, was selected. Since residents’ movement within the community is mainly via
walking and the measurement results of spatial and temporal distance costs are similar, the
Shortest Time Distance method was selected. The operation processes of the two methods
were as follows: (1) the 2SFCA method: the method was proposed by Radke [41], and then
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Luo assigned a relative distance-based attenuation weight to it [42]. The mechanism of the
method is shown in Figure 3, and the operation steps were as follows:

Step1 : Rj =
Sj

∑k∈{dkj≤d0}G
(

dkj, d0

)
× Pk

G
(

dkj, d0

)
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)

2

−e
−1
2

1−e
−1
2

(
dkj ≤ d0

)
0

(
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Step2 : Ak = ∑
j∈(dkj≤d0)

G
(

dkj, d0

)
Rj (2)

where Sj is the scale of green space supply, measured by metric area, and d0 is the search
radius, measured in 150 m based on residents’ walking preference for community green
space [43]. The demand point k in this study is the residential buildings in the communities
where the green space is connected, and Pk is the number of residents in each residential
building. dkj is the walking distance between the supply point and the demand point.

G
(

dkj, d0

)
is the Gaussian coefficient. Ak is the sum of the supply intensity Rj for each

supply point within the search radius d0, with G
(

dkj, d0

)
as the attenuation weight. The

service efficiency level of community green space is reflected by the mean value of Ak
for the community. In this study, the measurement of 2SFCA was conducted through the
geopandas module of Python to improve the efficiency of the calculation.

Figure 2. Overview of the research area.
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Figure 3. The mechanism of 2SFCA method.

(2) Shortest Time Distance method: The method measures the shortest time cost taken
by residents to reach the neighboring green space. In this study, the start point is each
residential building in the case communities, and the endpoint is each green space in the
corresponding community. The data from the OSM is difficult for ensuring the accuracy of
the community road network and coordinating the actual road conditions in different study
areas, while the Baidu Map API [44] provided us with a more accurate way: By entering the
coordinates of the start and end points in the URL of the API, the walking time cost based
on the big data of the map can be returned, and the shortest time distance can be filtered
to enhance the accuracy and improve the efficiency of the calculation. The operation has
three steps: 1. obtain the coordinates of each residential building and green space in the
case communities by ArcMap; 2. take the residential buildings in each community as the
start points and the green spaces as the endpoints to request the Baidu Map API to obtain
the walking time costs between them; and 3. apply the smallest order in Python to filter
the shortest time distance from the residential building to the neighboring green space.
The service efficiency level of community green space is reflected by the mean value of the
shortest time distance of the selected community. The mechanism of the method is shown
in Figure 4. In this study, the processing of geographic data was conducted in the Arcmap,
and the acquisition of the Shortest Time Distance values is achieved through the requests
module of Python.

Figure 4. The mechanism of the Shortest Time Distance method.
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3.2.2. Measurement Methods of the Distribution Characteristics

Since there are few studies on the distribution characteristics of community green
spaces, this part of the study had two steps: 1. preliminary identifying the distribution
characteristics of community green spaces, and 2. proposing and applying a more
effective quantitative measurement method based on the identification conclusion. These
distribution characteristics are revealed through a process from identification to application.

Before the measurement, the Greening rates of the selected cases were conducted and
classified by the built year ranges and urban ring road ranges to assess the impact of the
area proportion indicator on the study, and the results are shown in Table 1 and Figure 5.

Table 1. Spatial-temporal distribution of Greening rates.

1949–1978 1978–1998 1998–2022

2–3 ring road 29.12% 28.71% 31.26%
3–4 ring road 28.82% 28.44% 32.17%
4–5 ring road 28.51% 29.65% 32.02%

5 ring road 34.69% 31.70% 33.42%

Figure 5. Spatial-temporal distribution of Greening rates.

As shown in Table 2, the distribution of Greening rates varied little across urban
locations and built year ranges. Except for the slightly higher values outside the 5-ring
road during 1949–1978 and 1978–1998, the values in other conditions remained around
30%. Therefore, the study could exclude the interference of the area proportion factor in the
measurement results and focus on the spatial-temporal pattern changes of the graphical
distribution characteristics of community green spaces.

Table 2. Spearman’s rank correlation coefficients between locations and built years.

Built Year Range 1949–1978 1978–1998 1998–2022

Spearman’s rank correlation coefficient 0.5121 0.4338 0.3622

To identify these graphical characteristics, Dou Q. inferred that there was an evolutionary
pattern of green space from ‘courtyard’ type distribution among residential buildings to
‘centralized’ type distribution in the center of the community as the years progressed [45]
(consistent with Table 1). The ‘courtyard’ type distribution indicates that the green spaces
are located beside residential buildings and the time costs for residents to reach the nearest
green space are evenly distributed, while the ‘centralized’ type distribution indicates that
the time costs are unevenly distributed. Therefore, the identification step was conducted
based on the orderliness degree of the shortest time distance distribution, and the method
of Time Distance Entropy was introduced, which was calculated as follows:
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Assuming that there were several residential buildings in the target community, all
shortest time distances between residential buildings and adjacent green areas were di-
vided into five sub-ranges, which represented 5 levels from ‘short’ to ‘long’, and then the
numbers of residential buildings falling into each sub-range were counted, which were
A1–A5. Finally, the time distance entropy H of the target community was operated by the
following equation:

Step 1 : Pi = Ai/A = Ai/ ∑5
i Ai Step 2 : H = −∑5

i=1 Pi × logPi (3)

The value of H can reflect the orderliness degree of the shortest time distance distri-
bution [46]; the higher the value, the smaller the correlation between the location of green
spaces and residential buildings, and vice versa. The results of the Time Distance Entropy
method can initially identify the ‘centralized’ and ‘courtyard’ type distributions.

It should be noted that this method can only initially identify the degree of ‘attach-
ment/detachment’ of community green spaces to residential buildings but cannot char-
acterize their graphical distribution at the planning level, so an accurate measurement of
their spatial graphical distribution pattern will be proposed later in the article regarding
the identification results. In this study, the measurement of the Time Entropy value was
conducted through the geopandas module of Python.

3.2.3. Spatial-Temporal Dimension Model

The temporal dimension model is formed by classification according to the built-year
ranges of the case communities. After the founding of the People’s Republic of China (PRC),
the development of communities could be divided into the Danwei Compound phase from
1949 to 1978 [47], the Reformed Housing phase from 1978 to 1998, and the Commodity
Housing phase from 1998 to the present [48]; therefore, the case communities were classified
according to the three phases in the temporal dimension. The spatial dimension model
is formed by classification according to the ring roads of Beijing; according to the spatial
structure of Beijing, the case communities are classified into four categories: the 2–3 ring
road, the 3–4 ring road, the 4–5 ring road, and those outside of the 5-ring road [49]. To
visualize the spatial-temporal patterns of the measurement indicators, the measurement
values of each indicator were divided by natural breaks into five levels (level 1–level 5) from
small to large, then the case communities were divided based on the temporal dimension
model, and finally, the percentage of the green spaces in different levels of communities of the
spatial dimension model was calculated, which was displayed in a classification bar chart;
meanwhile, the numbers of communities in each spatial range were also plotted as a reference.

To avoid the influence of excessive correlation between the two dimensions on the
experimental results, Spearman’s rank correlation coefficients between the location of each
case community and its built year under different temporal ranges were calculated, and the
results are shown in Table 2. Most of the coefficients in the table are lower than 0.5, except
for 1949–1978, where the coefficient is merely slightly larger than 0.5, indicating that there
are no excessive correlations between the two and ensuring the value of conducting the
study in both dimensions.

Supported by the above research methodology and data, the research framework of
this paper is shown in Figure 6.
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Figure 6. The research framework of the paper.

4. Results
4.1. Spatial-Temporal Patterns of Service Efficiency
4.1.1. Service Efficiency Measurement Based on the 2SFCA Method

As per the research plan, the mean values of Ak for each community were measured
and presented through the spatial-temporal classification model (Table 3, Figures 7 and 8).
From the measurement results, it could be seen that:

Table 3. Specific measurement results of the 2SFCA method.

1949–1978

Urban Location level 1 level 2 level 3

2 ring road–3 ring road 26.8% 22.9% 50.4%
3 ring road–4 ring road 57.3% 42.7% 0.0%
4 ring road–5 ring road 100.0% 0.0% 0.0%

5 ring road– 12.3% 87.7% 0.0%

1978–1998

Urban Location level 1 level 2 level 3 level 4

2 ring road–3 ring road 53.5% 46.5% 0.0% 0.0%
3 ring road–4 ring road 39.6% 20.6% 0.0% 39.8%
4 ring road–5 ring road 22.8% 37.5% 0.0% 39.6%

5 ring road– 8.5% 15.9% 57.3% 18.3%

1978–1998

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 69.1% 30.9% 0.0% 0.0% 0.0%
3 ring road–4 ring road 28.3% 30.1% 41.5% 0.0% 0.0%
4 ring road–5 ring road 9.4% 11.1% 10.6% 33.3% 35.7%

5 ring road– 32.2% 35.4% 32.4% 0.0% 0.0%

All Time Stages

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 45.8% 36.8% 17.4% 0.0% 0.0%
3 ring road–4 ring road 28.8% 21.9% 31.0% 18.2% 0.0%
4 ring road–5 ring road 10.6% 11.8% 10.3% 29.3% 37.9%

5 ring road– 18.1% 28.0% 34.6% 19.3% 0.0%
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Figure 7. Measurement results of the 2SFCA method.

(1) During 1949–1978, there were no communities with green space service efficiency
of level 4 and level 5. The level 3 communities all appeared within the 2–3 ring road,
accounting for 50.4% of the total. Level 2 communities were mainly found in the two ranges
of the 2–4 ring road (accounting for 22.9% and 42.7%, respectively) and were not found in
the 4–5 ring road. The proportions of level 1 communities in the 2–5 ring roads showed
a significant upward trend with the outward expansion of the ring roads (accounting for
26.8%, 57.3%, and 100%, respectively). It should be noted that the number of communities
outside the 5-ring road is very small (around 25, and slightly fluctuates with the drop of
null value) in this period, and the randomness of the measurement results was accordingly
significant, so the discussion outside the 5-ring road of this period was excluded. All the
following operate like this.

(2) During 1978–1998, level 5 communities did not appear, and level 4 communities
were evenly distributed in the two ranges of the 3–5 ring road (accounting for 39.8%
and 39.6%, respectively) and were 18.3% outside the 5-ring road. Level 3 communities all
appeared outside the 5-ring road (57.3%). The proportions of level 1 communities decreased
with the outward expansion of the ring roads, and level 2 communities did not present an
obvious distribution pattern.

(3) After 1998, level 5 communities emerged, and similar to level 4 communities,
were all located in the 4–5 ring road (the proportions were 33.3% and 35.7%). Level
3 communities existed only outside the 3-ring road, with higher proportions in the 3–4 ring
road and outside the 5-ring road (accounting for 41.5% and 32.4%, respectively), and with a
lower proportion (10.6%) in the 4–5 ring road. The level 1 and level 2 communities took
the 4–5 ring road as a watershed, decreasing in their internal ranges with the outward
expansion (69.1% and 30.9% to 9.4% and 11.1%, respectively) and rebounding to 32.2% and
35.4%, respectively, in the external ranges.

Generally, there is an obvious ‘unipolar’ feature in the measurement by the 2SFCA
method, i.e., communities with one single service efficiency level are concentrated in a
narrow number of spatial ranges, leading to limitations in the division of service efficiency
levels in other ranges, and even creating a situation where only one level exists in a
certain range, making the method unable to comprehensively describe the spatial-temporal
patterns of service efficiency on the community scale.
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Figure 8. The spatial-temporal patterns of the 2SFCA method.

However, the above situation can be explained by the mechanism of the 2SFCA
method. In the case communities, the neighboring building distance is around 20 m, while
the preferred walking distance of residents is around 150 m. Therefore, different search
areas may contain a large number of duplicate green spaces that the measurement results do
not present significant differences within the same community, and hence the diversity of
values is greatly reduced. In addition, communities of the same type produce approximate
measure results and exhibit convergent measure values in the same range, resulting in the
above situation.

4.1.2. Service Efficiency Measurement Based on the Shortest Time Distance Method

As per the research plan, the mean values of the shortest time distance for each
community were measured and presented through the spatial-temporal classification
model (Table 4, Figures 9 and 10). From the measurement results, it could be seen that:

(1) During 1949–1978, level 1 and level 2 communities accounted for about 20.0% of
the total number of the 2–5 ring road. Level 3 communities were evenly distributed in the
other ranges (about 20.0%) except for a relatively small proportion in the 3–4 ring road
(8.4%). All level 4 communities were evenly distributed in the ranges of the 2–4 ring road,
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accounting for 23.3% and 26.0%, respectively. Level 5 communities presented an increasing
trend with the outward expansion of the ring roads (accounting for 5.2%, 25.6%, 30.0%, and
64.3%, respectively).

Table 4. Specific measurement results of the Shortest Time Distance method.

1949–1978

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 20.8% 23.4% 27.3% 23.3% 5.2%
3 ring road–4 ring road 16.1% 23.9% 8.4% 26.0% 25.6%
4 ring road–5 ring road 30.9% 21.3% 17.8% 0.0% 30.0%

5 ring road– 11.5% 6.6% 17.6% 0.0% 64.3%

1978–1998

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 27.2% 26.5% 33.9% 12.3% 0.0%
3 ring road–4 ring road 22.1% 26.6% 26.3% 10.2% 14.7%
4 ring road–5 ring road 21.6% 17.2% 10.7% 23.5% 26.9%

5 ring road– 9.8% 14.5% 14.3% 28.1% 33.2%

1978–1998

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 29.4% 27.9% 12.2% 21.8% 8.7%
3 ring road–4 ring road 29.6% 27.7% 18.8% 14.6% 9.4%
4 ring road–5 ring road 23.7% 18.4% 20.0% 18.5% 19.4%

5 ring road– 14.2% 14.6% 23.3% 25.9% 22.0%

All Time Stages

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 23.6% 27.7% 25.8% 17.8% 5.1%
3 ring road–4 ring road 20.0% 24.5% 23.2% 15.2% 17.0%
4 ring road–5 ring road 22.4% 18.3% 15.8% 22.7% 20.8%

5 ring road– 10.7% 14.1% 17.6% 29.7% 27.9%

Figure 9. Measurement results of the Shortest Time Distance method.

(2) During 1978–1998, the proportions of level 1 and level 2 communities declined with
the outward expansion of the ring roads (27.2% and 26.5% to 9.8% and 14.5%, respectively).
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The proportion of level 3 communities was divided by the 4–5 ring road, decreasing with
the outward expansion in the interior (33.9% to 10.7% from 2–3 ring to 4–5 ring) and
rebounding to 14.3% in the exterior of the 5 ring road, while the proportions of level 4 and
level 5 communities increased significantly with the outward expansion (12.3% and 0.0%
to 28.1% and 33.2%, respectively).

Figure 10. The spatial-temporal patterns of the Shortest Time Distance method.

(3) After 1998, the proportions of each level community showed an outward-shifting
trend in the bar chart, with level 4 and level 5 communities sharing a similar proportion of
each range as in 1978–1998 and level 3 communities showing an increasing trend (12.2%
to 23.3%) with the outward expansion of the ring roads. Level 1 and level 2 communities
had a proportion of around 30.0% in both ranges of the 2–4 ring road and then declined to
about 14.0% with the outward expansion.

Generally, the Shortest Time Distance method provides an accurate and comprehensive
measurement of the service efficiency of community green spaces; in the spatial dimension,
the service efficiency of community green spaces decreases with the outward expansion of
the ring roads (the shortest time distance is inversely proportional to service efficiency).
In the temporal dimension, the community green spaces gradually establish standardized
design strategies associated with their urban locations and, with the 4–5 ring road as a
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watershed, the service efficiency of the interior ranges is distributed in ascending order,
while that of the exterior range is distributed in descending order. In addition, the propor-
tions of high-level communities also increase over time.

Generally, the spatial-temporal patterns of the community green spaces’ service effi-
ciency provide an insight into the community paradigm transformation of Beijing’s main
urban area. In the early years of the People’s Republic of China, due to the limitations of
the economic level and lack of construction experience, communities were funded by the
government and distributed ‘for free or at low cost’ [50]. The green spaces were located
directly in the open spaces next to the residences based on the principle of proximity to
activities, making them unconstrained in the master plan and providing a desirable service
efficiency. Later, with the implementation of the Reform and Opening Policy and Housing
Commercialization Policy, communities began to exhibit commercialized attributes and
serve as profit-oriented [51]. Real estate developers established standardized planning
paradigms for the communities according to their urban locations to attract customers,
which also made the community green spaces obey strict planning patterns; this is when
the service efficiency decreased, and green spaces showed a standardized ascending or
descending feature according to their urban locations.

4.2. Spatial-Temporal Patterns of Distribution Characteristics
4.2.1. Distribution Characteristic Identification Based on the 2SFCA Method

As per the research plan, the mean values of time distance entropy for each community
were measured and presented through the spatial-temporal classification model (Table 5,
Figures 11 and 12). From the measurement results, it could be seen that:

Table 5. Specific measurement results of the Time Distance Entropy method.

1949–1978

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 19.4% 16.2% 23.1% 22.3% 19.0%
3 ring road–4 ring road 26.8% 14.0% 16.7% 25.5% 16.9%
4 ring road–5 ring road 25.8% 36.4% 8.7% 10.0% 19.2%

5 ring road– 0.0% 40.0% 31.1% 0.0% 28.9%

1978–1998

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 19.1% 23.2% 13.0% 22.8% 21.9%
3 ring road–4 ring road 18.6% 19.4% 18.8% 24.1% 19.0%
4 ring road–5 ring road 21.7% 21.8% 20.1% 20.8% 15.5%

5 ring road– 23.2% 13.6% 23.3% 9.4% 30.4%

1978–1998

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 46.7% 6.7% 10.8% 19.2% 16.6%
3 ring road–4 ring road 21.5% 24.6% 19.1% 14.9% 19.9%
4 ring road–5 ring road 25.9% 16.1% 21.6% 20.0% 16.5%

5 ring road– 0.0% 24.2% 25.7% 21.5% 28.5%

All Time Stages

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 25.7% 17.5% 16.1% 21.8% 19.0%
3 ring road–4 ring road 15.3% 22.7% 27.7% 19.5% 14.7%
4 ring road–5 ring road 22.8% 21.2% 18.3% 19.7% 18.0%

5 ring road– 10.3% 21.1% 21.7% 15.6% 31.2%

(1) During 1949–1978, the proportions of level 5 communities were similar across the
ranges of the 2–5 ring road, accounting for 19.0%, 16.9%, and 19.2%, respectively, from the
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inner to outer rings. Level 4 communities were evenly distributed across the two ranges of
2–4 ring roads, with proportions of 22.3% and 25.5%, respectively, then decreasing to 10.0%
in the 4–5 ring road. The proportions of level 3 communities decreased with the outward
expansion of rings (23.1% to 8.7%), and the proportions of level 1 and level 2 communities
increased in the same condition (19.4% and 16.2% to 25.8% and 36.4%, respectively).

Figure 11. Measurement results of the Time Distance Entropy method.

(2) During 1978–1998, the overall values were evenly distributed across the 2–5 ring
road, and the proportions of level 5 communities declined within the 5-ring road and
rebounded outside the 5-ring road (21.9%, 19.0%, 15.5%, and 30.4% from the inner to outer
rings). The proportions of level 2–level 4 communities were evenly distributed within the
2–5 ring road but decreased significantly outside the 5-ring road. The proportions of level
1 communities remained around 19.0% within the 2–4 ring road and 22.0% outside the
4 ring road, showing a slightly increasing trend.

(3) After 1998, the 2–3 ring road only accounted for less than 20.0% of the communities
on most levels, except for the very large proportion of level 1 communities (46.7%). In
other ranges, level 1 communities were all distributed in the 3–5 ring road, and the value
increased slightly (21.5% to 25.9%) with the outward expansion of the ring roads. The
number of level 2–level 5 communities mostly floated around 20.0%, among which the
values of level 3-level 5 communities have an overall increasing trend with the outward
expansion, while the proportions of other level communities remained stable.

The above results allow a preliminary identification of the distribution characteristics
of community green spaces. In the spatial dimension, the time distance entropy values
show a homogeneous distribution in each range, with the 5-ring road as the watershed. The
internal ranges were mostly level 1–level 2 communities, mainly showing a ‘courtyard’ type
distribution, while the external ranges were mostly level 4–level 5 communities, mainly
showing a ‘concentrated’ type distribution. In the temporal dimension, the proportions
of high-level communities increased through time, indicating that communities tend to
adopt a ‘centralized’ type distribution of green space rather than a ‘courtyard’ type as time
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progresses, and the locations of community construction also showed a slight tendency to
move outward over time.

Figure 12. The spatial-temporal patterns of the Time Distance Entropy method.

4.2.2. Proposal and Application of the Green Space Distribution Coefficient Method

The results of the Shortest Time Distance method show that residents tend to choose green
space activities in close proximity, and the spatial-temporal pattern of Time Distance Entropy
also initially reveals the transition of community green space distribution characteristics from
a ‘courtyard’ type to a ‘centralized’ type, so this section will propose a more accurate and
graphical evaluation method for green space distribution characteristics based on the above
results and describe their spatial-temporal patterns in detail.

Figure 13 displays the spatial distribution diagram of community green space based on the
results of the Shortest Time Distance method and the Time Distance Entropy method, showing
public activity preferences of the ‘courtyard’ and ‘centralized’ type green space, respectively.



ISPRS Int. J. Geo-Inf. 2022, 11, 610 16 of 23

Figure 13. The spatial distribution diagram of community green space.

According to Figure 5, the Greening rate did not vary significantly in the spatial and
temporal dimensions, so the number of green spaces in the community was inversely
proportional to the average area of each green space in the community, and the number of
‘courtyard’ type green spaces in the community was much larger than that of ‘centralized’
green spaces. It is further inferred that if the number of green spaces in a community
is large and the average distance between them and the neighboring residences is small,
they tend to show a ‘courtyard’ type distribution and, vice versa, a ‘concentrated’ type
distribution. Based on this conclusion, this paper proposes the Green Space Distribution
Coefficient Fg to measure this graphical feature, and its operation process is as follows:

Step 1 : Dm =
D1 + D2 + D3 + . . . + Dn

n
Step 2 : Fg = n× 1

Dm
=

n2

D1 + D2 + D3 + . . . + Dn
(4)

In the above equation, n represents the number of green spaces in the community, D1,
D2...Dn represent the shortest time distance between each green space and the neighboring
residential buildings, and Dm is the mean value of the shortest distances. The larger
the Fg, the more green spaces in the community tend to be distributed in a ‘courtyard’
type distribution and, vice versa, in a ‘centralized’ type distribution. According to this
method, the Fg of each community were calculated and presented by the spatial-temporal
classification model (Table 6, Figures 14 and 15). In this study, the measurement of the
Green Space Distribution Coefficient value was conducted through the geopandas module
of Python. From the measurement results, it could be seen that:

Table 6. Specific measurement results of the Green Space Distribution Coefficient method.

1949–1978

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 21.7% 22.1% 14.8% 20.4% 21.0%
3 ring road–4 ring road 16.7% 24.3% 31.6% 27.5% 0.0%
4 ring road–5 ring road 13.2% 20.6% 29.8% 0.0% 36.4%

5 ring road– 31.8% 0.0% 0.0% 68.2% 0.0%

1978–1998

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 24.5% 27.3% 16.9% 20.9% 10.5%
3 ring road–4 ring road 20.3% 22.9% 14.0% 13.7% 29.1%
4 ring road–5 ring road 13.9% 17.2% 25.7% 28.2% 15.0%

5 ring road– 26.8% 11.9% 17.4% 13.9% 30.0%
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Table 6. Cont.

1978–1998

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 33.2% 11.4% 16.3% 21.7% 17.4%
3 ring road–4 ring road 23.4% 20.3% 23.3% 19.2% 13.9%
4 ring road–5 ring road 16.2% 13.7% 19.6% 22.5% 27.9%

5 ring road– 26.1% 25.6% 16.7% 12.3% 19.3%

All Time Stages

Urban Location level 1 level 2 level 3 level 4 level 5

2 ring road–3 ring road 25.5% 22.7% 14.4% 23.4% 14.1%
3 ring road–4 ring road 20.1% 19.8% 22.5% 17.7% 20.0%
4 ring road–5 ring road 12.2% 18.6% 23.3% 22.5% 23.4%

5 ring road– 22.7% 24.0% 20.4% 14.2% 18.7%

Figure 14. Measurement results of the Green Space Distribution Coefficient method.

(1) During 1949–1978, level 1–level 5 communities were concentrated in the 2–3 ring
road. Most of them had no significant difference in the proportions of communities in
each level (about 20.0%), except for a slightly smaller percentage of level 3 communities
(14.8%). In the other rings, the sums of level 1–level 2 communities and level 4–level
5 communities were close to each other, indicating that the green spaces in this stage
presented the distribution characteristics of both ‘courtyard’ type and ‘centralized’ type,
which is defined as a ‘mixed’ type distribution characteristic in this paper.

(2) During 1978–1998, except for the proportions of level 1–level 2 communities in the
2–3 ring road (accounting for 24.5% and 27.3% respectively), which held larger proportions
than level 4–level 5 (accounting for 20.9% and 10.5% respectively), the proportions of
high-level communities in all other ranges was larger than that of low-level communities;
in particular, the proportions of level 4–level 5 communities were significantly larger than
those of level 1–level 2 communities in the two ranges of the 3–5 ring road with a large
community amount, indicating that the community green space outside of the 3-ring road
had already been extensively designed in a ‘courtyard’ type distribution.
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Figure 15. The spatial-temporal pattern of the Green Space Distribution Coefficient method.

(3) After 1998, community green spaces within the 4–5 ring road were mainly dis-
tributed in the ‘courtyard’ type, while the community green spaces of other ranges were
mainly distributed in a ‘centralized’ type. It is speculated that because Beijing’s universities,
research institutions, urban parks, and Olympic venues are mainly concentrated in the
4–5 ring road, the communities within the range have more staff dormitories, student
dormitories, or family apartments, and therefore maintain a ‘welfare’ attribute [52], while
the rest of the ranges are developed for ‘commercialization’ purposes, and ‘centralized’
type green spaces are widely applied in community planning to meet the aesthetic and
efficient spatial layout.

The results of the above measures provide an in-depth description of the spatial-
temporal patterns of community green space distribution characteristics. In the spatial
dimension, unlike the time distance entropy, the community green spaces between the
4–5 ring road maintain a ‘courtyard’ type distribution, except for the green spaces of the
other ranges, which show a ‘concentrated’ type distribution. In the temporal dimension,
except for the distribution of community green spaces in the 4–5 ring road, which did not
change significantly over time, the community green spaces in all other ranges showed
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a ‘mixed-courtyard-centralized’ evolutionary pattern. In general, the Green Space Distri-
bution Coefficient method revealed the distribution characteristics of community green
spaces more comprehensively, and the analysis results also presented a good fit with the
spatial patterns in Table 1.

Generally, the spatial-temporal patterns of the distribution characteristics of commu-
nity green spaces provide insight into the transformation of the residential cultures of
Beijing’s communities. In the early years of the People’s Republic of China, communities
were mostly in the form of ‘unit compounds’, and the planning paradigm was at the
exploratory stage [53]. Although most of the green areas were arranged near residential
buildings, there were still a few ‘centralized’ green areas that did not obey this feature,
thus showing a ‘mixed’ type distribution. Later, due to economic resource constraints,
community green spaces began to follow a strict ‘courtyard’ type distribution, efficiently
serving adjacent residential buildings while also providing residents with private, small-
scale places to interact and form a close neighborhood relationship. This relationship has
been disrupted by the commodification of housing, which has led to more ‘centralized’
green space in subsequent neighborhoods, which, while more open, denies a sense of
security and privacy to immediate neighbors and reduces the tendency for more distant
residents to engage in public activities. Furthermore, community green spaces in the inner
ring road ranges of the city are generally the ‘courtyard’ types of distribution, while those
in the outer ranges are generally the ‘concentrated’ types of distribution, further suggesting
that policies tend to constrain the main districts of the city more strictly, while communities
in the outer ranges are generally oriented to maximize benefits.

4.3. Discussion

Through the measurement results, the study classifies the communities in the main
urban area of Beijing according to the spatial-temporal dimension model and tries to
provide practical suggestions for optimizing the service quality of community green
spaces. As shown in Table 2, since there is no significant correlation between the temporal
and spatial dimensions, the optimization suggestions will be presented in the above two
dimensions, respectively:

(i) In the temporal dimension, green spaces in the communities built between 1949 and
1978 are mainly of the ‘mixed’ type distribution, carrying private communications of close
neighbors and ensuring community-wide public activities through local large-scale green
spaces. However, their service efficiency levels are evenly distributed and can still be
improved, so the distance between local ‘courtyard’ type green spaces and residential
buildings should be reduced, while the master plan for community green spaces should be
maintained. Green spaces in the communities built between 1978 and 1998 are mainly of the
‘courtyard’ type distribution with high service efficiency, but they lacked community-scale
gathering places, so the ‘courtyard’ type green spaces in the center of the community
could be expanded or the ends of the closed ‘pocket-like’ roads could be transformed into
‘centralize’ type green spaces. In addition, the form of green spaces can be optimized to
be more attractive. Green spaces in the communities built since 1998 are mainly of the
‘centralized’ type distribution, lacking places for communication between close neighbors,
and the distribution of service efficiency levels is extremely uneven, so it is necessary to
add ‘courtyard’ type green spaces near residential buildings, while ‘centralized’ type green
spaces can also be partially divided into ‘courtyard’ type green spaces.

(ii) In the spatial dimension, with the 4–5 ring road as a watershed, community
green spaces present great service efficiency in their interior but are more neglectful of
service efficiency in the exterior, so it is needed to curtail the distance between green
spaces and residential buildings in communities outside the 5 ring road to make the
community green spaces more accessible. In addition, most of the communities outside the
4–5 ring road are of the ‘centralize’ type distribution, so it is needed to increase the amount
of ‘courtyard’ type green spaces to stimulate intimate communications between close
neighbors. Community green spaces of the 4–5 ring road mainly preserve the ‘courtyard’
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type distribution, so in the optimization process, some local ‘courtyard’ type green spaces
can be combined into a ‘centralized’ green space to carry the community-wide public
activities. Besides, the distribution types of community green spaces within the 4 ring road
need to be specifically classified according to the Green Space Distribution Coefficient and
then targeted for optimization.

In addition, the measurement results of the Shortest Time Distance and the Green
Space Distribution Coefficient can be applied as a guide to optimize the service quality of
community green spaces in specific cases and to support the development of relevant policies.

5. Conclusions

This section may be divided into subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

The above research process allows for the following responses to the research questions
posed in this paper:

1. The Shortest Time Distance method can effectively measure the service efficiency
of green spaces on the community scale, while the 2FSCA method is less effective. As the
results of the Shortest Time Distance method are more concise and intuitive, they are closer
to the public activity preferences of residents on the community scale, and their accuracy
can be guaranteed with the assistance of Baidu Map API, while the area search property of
the 2SFCA method affects the delineation of its measurement levels, making it difficult to
describe the service efficiency of the community green spaces comprehensively.

2. According to Time Distance Entropy measurement results, this paper proposes a
Green Space Distribution Coefficient method based on the ‘courtyard’ and ‘centralized’ type
distributions of community green spaces. Unlike Time Distance Entropy, the calculation
of the Green Space Distribution Coefficient not only contains the locational relationships
between green spaces and neighboring residential buildings but also includes the spatial
graphical elements of green space in the community, which can describe the distribution
characteristics more comprehensively and accurately. It also analyzes the ‘mixed’ type
distribution characteristics that have not been found in the existing studies.

3. The results of the Shortest Time Distance method and the Green Space Distribution
Coefficient method allow the following conclusions of the spatial-temporal patterns of the
service efficiency and distribution characteristics of the community green spaces:

(i) Based on the temporal pattern of service efficiency, green spaces follow a trend
of becoming standardized and this indicator spontaneously decreases due to excessive
obedience to graphical constraints during the transformation of communities from ‘welfare’
to ‘commercial’ attributes. Based on the spatial pattern, the service efficiency of community
green spaces tends to decrease with the outward expansion of the ring roads, indicating
that communities tend to provide desirable green space service quality in the inner ranges
while neglecting this indicator in the outer ranges.

(ii) Based on the temporal pattern of distribution characteristics, community green
space has undergone the evolutionary process of ‘mixed type-courtyard type-centralized
type,’ indicating that it actually underwent an ‘exploration process’ in the early stage
of the People’s Republic of China, and adopted ‘courtyard’ type distribution afterwards
to cope with the poor economic level of the reform housing phase, and subsequently
adopted ‘centralized’ distribution to comply with the principle of profit maximization in the
commodity housing phase. Based on the spatial patterns, except for the community green
space in the 4–5 ring road, which has always maintained a ‘courtyard’ type distribution,
those in the interior ranges have changed from ‘courtyard’ to ‘centralized’ type with the
commercialization of housing, while that in the exterior range has always maintained a
‘centralized’ type distribution.

4. Taking the spatial-temporal patterns of the service efficiency and distribution
characteristics of community green space as a perspective, the following transformation
process of Beijing’s community paradigms and residential cultures can be interpreted:



ISPRS Int. J. Geo-Inf. 2022, 11, 610 21 of 23

(i) According to the spatial-temporal patterns of the service efficiency of green spaces,
the community paradigms generally show an orientation transformation from ‘humanistic-
oriented’ to ‘benefit-oriented’ with the passage of the built years and the outward expansion
of construction sites. From the temporal dimension, the early community green spaces
lacked graphical constraints but guaranteed the convenience of public activities, while
the later community green spaces had a standardized design paradigm but neglected the
satisfaction of convenience due to the excessive pursuit of attraction and profit factors.
From the spatial dimension, community green spaces in the inner ring road ranges show
high service efficiency and provide good quality public activities, while the outer ranges
neglect the quality of public activities in order to guarantee lower design costs and shorter
construction cycles.

(ii) According to the spatial-temporal patterns of the distribution characteristic of green
spaces, the residential cultures of the community change from ‘closeness’ to ‘detachment’
with the passage of the built years and the outward expansion of construction sites. From
the temporal dimension, the early ‘courtyard’ type community green spaces provided
small-scale places for neighborhood interaction, while the ‘centralized’ type distribution of
community green spaces in later years replaced such places. From the spatial dimension,
except for the 4–5 ring road community green spaces, which always maintain the ‘courtyard’
distribution, the community green spaces in the inner ranges are initially of ‘courtyard’
type and ‘mixed’ type distribution characteristics in the early stage, which establish a close
neighborhood network. In the later stages, however, they are affected by the housing
commercialization policy and show the ‘centralized’ type distribution characteristic, which
destroys this close network, while the community green spaces in the outer ranges mostly
show the ‘centralized’ type distribution characteristics, and the neighborhood relationship
is always more distant.

Based on the above conclusions, this paper attempts to propose the following opti-
mization options for community green spaces in Beijing: For communities built in the early
years and located in the inner ranges (within the 4 ring road), the parts of the ‘courtyard’
type and ‘mixed’ type green spaces that have good service efficiency should be preserved
and optimized to maintain the ‘humanistic’ and ‘closeness’ characteristics of the community,
while ‘centralized’ type green spaces should be added in places to optimize the community
landscape and ensure public activities on the community scale. For the communities built
later and located in the outer ranges (outside the 5-ring road), there is a need to increase the
proportion of ‘courtyard’ type green space, while reducing the relative distance between
green spaces and neighboring residential buildings, to provide better service efficiency and
create a close-knit neighborhood environment. For communities within the 4–5 ring road,
it is necessary to develop appropriate renewal strategies for optimization based on the spe-
cific community attributes (‘welfare’ or ‘commercial’) and evaluation results. The methods
evaluated in this paper can also provide quantitative guidance on its design strategies and
optimization interventions. In addition, this paper also expects to inspire more attention
and discussion on community green space with the support of the above conclusions.
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