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Abstract: Urbanization leads to the occupation of green areas, directly contributing to a high level
of fragmentation of urban green spaces, which, in turn, results in numerous socioeconomic and
environmental problems. Consequently, an understanding of the relationships between patterns of
urban green spaces and urbanization processes is essential. Although previous quantitative studies
have examined this relationship, they have not included an exploration of spatial heterogeneities
in the effects of urbanization on the spatial patterns of urban green areas. We therefore applied a
spatiotemporal perspective to examine the above relationship, while considering the wider planning
context. First, we quantified the extent of fragmentation of urban green spaces using landscape metrics
comprising the largest patch index (LPI) and landscape shape index (LSI). Next, using the calculated
spatial metrics and nighttime light data (NTL) for central Beijing for the period 1992–2016, we applied
a geographically weighted regression model to assess variations in the spatiotemporal effects of
urbanization on the fragmentation of urban green spaces. The results showed that urbanization
initially occurred mainly in the northern parts of Beijing, whereas urbanization of southern urban
fringe areas occurred after 2008. The reduction in green spaces along with increasing fragmentation
and complex spatial patterns are indicative of issues relating to Beijing’s rapid urbanization and
planning policies. This study contributes to an understanding of how urbanization influences
fragmentation of urban green spaces and offers insights for the planning of urban green spaces from
the perspective of promoting sustainability.
Keywords: urbanization; urban green spaces fragmentation; Beijing; spatial heterogeneities;
geographically weighted regression

1. Introduction
Urbanization can be defined as a process of population aggregation within cities that results in
sequential economic and social changes [1]. In China, the urbanization rate (i.e., the urban population
as a percentage of the total population) increased from 17.9% in 1978 to 56.7% in 2016 and is expected to
reach 70% by 2050 [2]. Previous studies have demonstrated that urbanization is often associated with a
change in the pattern of urban green spaces [3]. This pattern entails occupation of green spaces [4] and
directly contributes to a high level of fragmentation of urban green spaces that relates to morphological
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changes of green patches and their dispersion in space [5]. As crucial components of urban landscapes
and ecosystems, urban green spaces play key roles in the provision of environmental services [6,7],
contributing to improved physical health [8], fulfilling the psychological needs of urban citizens [9], and
bringing about social and economic benefits [6,10]. The degradation and fragmentation of urban green
spaces can lead to many environmental and socioeconomic problems [11,12]. Specifically, degradation
of these spaces may result in the destruction of animals’ habitats, a reduction of biodiversity, and
disruption of urban ecosystems [13]. Fragmentation is associated with an increased likelihood of
biological invasions, a decline in the health of urban ecosystems, and deterioration in the quality of
human living and working environments, thus hindering the achievement of sustainability [5]. Given
the importance of green space in urban areas, a systematic and comprehensive understanding of the
dynamics and spatiotemporal characteristics of the fragmentation of urban green spaces in relation to
processes of rapid urbanization can contribute to informed decision making and the formulation of
appropriate green policies.
Previous qualitative studies have demonstrated that urbanization plays a crucial role in
determining the spatial patterns of urban green areas [3,14–19]. However, most of these studies
have not explored spatial heterogeneities in the effects of urbanization on these spatial patterns.
Moreover, because urbanization is a complex process, entailing both spatial and temporal variation
across different cities [20], its characteristics cannot be fully captured through an analysis of spatial
changes confined to one time period. It is necessary to explore quantitative relationships between spatial
patterns of urban green areas and urbanization relating to spatiotemporal changes [21]. To address
this gap, we focused especially on spatial and temporal heterogeneities in an examination of the
relationships between spatial patterns of green spaces and urbanization, set against a context of wider
planning policies.
An assessment of the spatiotemporal effects of urbanization on the fragmentation of urban
green spaces requires an analysis of spatial and temporal changes relating urbanization with the
fragmentation of urban green spaces. Landscape fragmentation metrics have been widely applied
in studies using different quantitative representations to reveal the characteristics of urban spatial
patterns. With a focus on spatial patterns, many of these studies have applied landscape metrics in
combination with spatial-temporal gradient analysis to investigate fragmentation processes [5,22–24]
and dynamics [3,17,25]. In this study, we applied landscape fragmentation metrics to measure the
extent of fragmentation of urban green spaces. Previous studies were constrained by the lack of
accurate and timely data indicating levels of urbanization in different sections of urban areas. The
introduction of nighttime stable light (NTL) images has provided a new perspective that can be applied
in spatial explorations of urbanization processes. These images have been widely used in recent
studies to map urbanization processes [26,27], estimate populations [28], monitor changes in urban
landscapes [29], and model economic activities [30,31]. Several studies have applied these data in
combination with other methods to extract urban built-up areas with a high degree of accuracy [32–36].
Geographically weighted regression (GWR) is a spatial model that can be used to assess relationships
between spatial patterns and their driving forces. Given that GWR is an established model that has
been widely applied in studies on spatially varying relationships [37–39], it was used in this study to
assess interactions between urbanization and levels of fragmentation of urban green spaces.
Given central Beijing’s rapid urbanization process, which has resulted in extensive loss of green
spaces and dramatic changes in their spatial patterns, this area was selected for this analysis. It is a
representative area in terms of its rapid urbanization process over the last two decades. It is also a
representative area in terms of the evolution of various types of land use, making it an appropriate site
for assessing changes in land use and in spatial patterns of landscapes. Whereas previous studies have
primarily examined spatiotemporal changes of urban green spaces in built-up areas of Beijing [19,40,41],
few have simultaneously explored spatial and temporal changes of urban green spaces and their
relation to rapid urbanization processes in the context of wider planning policies.
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Our aim in this study was, therefore, to apply both spatial and temporal perspectives in a case
study of Beijing to advance understanding on processes of fragmentation of urban green spaces in
relation to urbanization processes in the context of wider planning policies. Our main objectives were:
(1) to examine the spatial pattern of the fragmentation process of urban green spaces within central
Beijing using a time-series of remotely sensed images taken in 1992, 2000, 2008, and 2016 along with
a set of landscape metrics; (2) to identify urbanization processes in different parts of central Beijing
using NTL data; and (3) to explore the relationships between fragmentation of urban green spaces and
urbanization in different central portions of this urban area to inform policy making.
2. Urbanization and Planning of Green Spaces in Beijing
Starting from the 1980s, Chinese cities have experienced the phenomenon of time–space
compression of urbanization, accompanied by demographic changes, economic growth, redevelopment
of inner city areas, and peri-urbanization, set against a background of wider national reform. This
time–space compression relating to the urbanization process has also triggered dramatic changes
in the spatial patterns of landscape, including trends of occupation of green spaces [42,43], loss of
farmland, and fragmentation of landscapes [44]. Although efforts to develop new public green spaces
and to preserve existing green spaces have been evident in some cities, various empirical studies on
individual cities reveal an overall trend of decreasing urban green cover [45].
As China’s capital, Beijing has undergone an extremely rapid process of urban development over
the last three decades. The city’s existing urban structure is the outcome of different versions of master
plans and the market force. The earliest of these plans was the Master Plan of 1958, at which time,
the total area of the inner greenbelt was 314 km2 . As a result of considerable pressure associated
with the drive for urbanization, the Master Plan of 1992 indicated that the area of this greenbelt had
decreased to 240 km2 [46].
Beijing’s important role in economic, industrial, and international affairs was emphasized in
the Urban Master Plan of 1992, as evidenced in the planning of new development zones, including
high-tech industrial zones, a new Central Business District (CBD) in the area east of Tiananmen,
and several large-scale residential zones in suburban areas. On the one hand, housing in the city’s
core area was in short supply, and housing prices had risen and were higher than those in suburban
areas [47]. On the other hand, considerable efforts were expended in improving urban roads and public
transportation in suburban areas. By the 1990s, the construction of the Second and Third Ring Roads
had been completed. The Fourth and Fifth Ring Roads were completed in 2001 and 2003, respectively.
Moreover, the promotion of policy instruments and spatial policies resulted in the development
of industrial and business parks [32]. Further, starting from the vicinity of the Fourth Ring Road
and extending to the Fifth Ring Road in the north, several large residential neighborhoods, namely
Huilongguan, Tiantongyuan, and Wangjing were gradually established over a period of time [48].
Beijing’s successful application to host the 2008 Summer Olympics provided further impetus for the
city’s urban development process. To facilitate the spatial restructuring of Beijing propelled by the
hosting of the Olympics, a “two axes—two belts” spatial structure and multiple functional centers
were proposed in the Beijing Urban Master Plan of 2004 (Figure 1). However, because the northern area
accommodated most of the Olympic facilities, this part had more and better infrastructure compared
with the southern part, which is also reflected in higher housing prices in the former area [49,50].
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Table 1. Cont.
Green Space
Construction

Location

Relevant Policies

Year

Olympic Park

Located along the east-west axis of the
city, extending from the northern 4th
Ring Road to the 5th Ring Road

One of ten major projects
implemented for the green
Olympics

2003

The Second Green Belt

Located between the 5th and 6th Ring
Roads and connected with the first
green belt. This belt is involved with six
towns, ten fringe areas, and the
northern Haidian Scientific Park

Opinions on Accelerating the
Greening Construction of the
Second Green Belt

2003

Beijing Master Plan
(2004–2020)

2005

Four country parks and a
country park ring

Northern suburban forest park
(Changping District), Eastern suburban
recreation park (Shunyi and Tongzhou
Districts), Southern suburban ecological
park (Daxing District), Northwestern
suburban historical park (Haidian and
Changping Districts), and Country park
ring (green belt)

Guiding Opinions on the
Construction of Country Park
Rings in the Green Belt of the
City released by the Beijing
Municipal Development and
Reform Commission

2007

Beijing Historical and Cultural
City Protection Regulations

2005

Historical and Cultural City
Protection and Construction
Planning during Beijing’s 12th
Five-Year Planning Period

2011

2012

Three mountains and
five gardens

Located in a north-western suburban
area, this area encompasses five royal
gardens, three mountains, and their
surroundings

A million acres of
afforestation in the
plain area

Plain area in Beijing

Opinions on the
implementation of one million
acres of afforestation in the
plain area

Wedged green space

Nine patches of wedged green space
extending in different directions

Planning implemented by the
Beijing Gardening and Green
Bureau

2012

City greenways

Covers 16 districts in the Beijing
metropolitan area, including 28 main
greenways. An area of 1240 km of
greenways is being planed

Beijing Greenway Planning
implemented by the Beijing
Municipal Development and
Reform Commission

2013

Greening of the Temple
of Heaven

The area surrounding the Temple of
Heaven

Initiated by the Beijing
Municipal Administration of
Cultural Heritage

2016

3. Methodology
3.1. Study Area
Beijing is located in northern China, adjacent to the city of Tianjin and Hebei Province. It covers
an area of about 16,411 square kilometers, and its geographic coordinates are 39◦ 260 N to 41◦ 030 N
and 115◦ 250 E to 117◦ 300 E. Statistical data indicate that Beijing’s gross domestic product (GDP) was
2301.459 billion Yuan and its urbanization rate was 86.5% in 2016 [51].
This study focuses on central Beijing, which is the functional core area of the capital. It encompasses
the entire area of the districts of Dongcheng, Xicheng, Chaoyang, Fengtai, Shijingshan, most of the
Haidian District, and small portions of the Changping, Daxing, and Mentougou Districts (Figure 2).
Together, these areas covered an area of 1088 square kilometers, with a population of more than
8.5 million in 2016 [52].
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larger than those of other indices. Therefore, only these two indices were selected as dependent variables
respectively (Table 2). Among them, LPI is used to decipher landscape dominance. Generally, a low
for further analysis. They can depict the fragmentation of urban green spaces from the perspectives of
value indicates the fragmented status of the landscape, whereas a higher LPI value indicates the
patch size potentially
and edgeunifying
complexity
respectively
(Table 2).land-use
Among
them,
LPI
is used
decipher
influence
of a single dominant
patch.
When
there
is onlytoone
patch in landscape
theGenerally,
landscape, LPI
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LSI is applied
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the complexity
of a landscape.
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dominance.
a low
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whereas
a higher LPI
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a more fragmented
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oflandscape.
a single dominant land-use patch. When there is only
one patch in the landscape, LPI is equal to 100. LSI is applied to determine the complexity of a landscape.
A higher value indicates a more fragmented and complex landscape.

Table 2. Landscape metrics used in this study.
Metric

Description

Largest patch index
(LPI)

LPI is calculated as the area of the
largest patch divided by the total
landscape area, multiplied by 100.

Landscape shape
index (LSI)

LSI is equal to the edge density
adjusted according to the area of
the landscape. It is a measure of
the complexity of the patch shape
relating to land use.

Formula
maxa1 ······an
(100)
A
is the area (m2 )

LPI =
where an
of patch n and A is the
total landscape area (m2 ).
LSI =

Range
0 < LPI ≤ 100

√P
2 π×A

where P is the perimeter
of the patches and A is
the total landscape area
(m2 ).

LSI ≥ 1, (unlimited)

P
LSI =
according to the area of
Landscape
2√π × A
the landscape. It is a
LSI ≥ 1,
where P is the perimeter of the
shape index
measure of the
(unlimited)
patches and A is the total
(LSI)
complexity of the patch
landscape area (m ).
Forests 2019, 10, 333
7 of 20
shape relating to land
use.
These two metrics can be calculated based on the Landsat images. They were processed using
These two metrics can be calculated based on the Landsat images. They were processed using the
the ERDAS Imagine system (Version 8.5, ESRI, Atlanta, GA 30329-2137, USA) to obtain information
ERDAS Imagine system (Version 8.5, ESRI, Atlanta, GA 30329-2137, USA) to obtain information on
on urban green spaces in central Beijing for the years 1992, 2000, 2008, and 2016. Six categories of land
urban green spaces in central Beijing for the years 1992, 2000, 2008, and 2016. Six categories of land
use were identified: grassland, farmland, water bodies, forested land, wasteland, and built-up land
use were identified: grassland, farmland, water bodies, forested land, wasteland, and built-up land
(Figure 3). The land use maps were divided into 30 m × 30 m grids using the Create Fishnet tool in
(Figure 3). The land use maps were divided into 30 m × 30 m grids using the Create Fishnet tool in
ArcGIS (Version 10.2, ESRI, Redlands, CA: Environmental Systems Research Institute, USA)
ArcGIS (Environmental Systems Research Institute, Version 10.2, ESRI, Redlands, CA, USA).

Figure
Interpretive maps
Figure 3.
3. Interpretive
maps depicting
depicting land
land use
use in
in central
central Beijing
Beijing in
in 1992,
1992, 2000,
2000, 2008,
2008, and
and 2016.
2016.

The urbanization processes were assessed by nighttime light data as the independent variable.
As we have previously noted, NTL data enable an exploration of urbanization from a spatial perspective.
Taking into account the spatial heterogeneities of the natural elements, NTL data are generated by
spatial interpolation and could provide a finer resolution than administrative data for units-based
spatial research. Accordingly, we applied NTL data for areas of 1 km × 1 km in 1992, 2000, 2008, and
2016, that were processed and archived at the National Geophysical Data Center [54].
3.3. Analytical Methods
3.3.1. Analysis of Landscape Pattern Index Values of Urban Green Spaces
To determine the impacts of changing urban green spaces during the period 1992–2016, we used
the following two landscape metrics: the largest patch index (LPI) and the landscape shape index
(LSI), which can indicate the extent of fragmentation of urban green spaces. Table 2 provides detailed
definitions for each of these metrics. For each of the four years considered, the values of both landscape
metrics were calculated using the FRAGSTATS (Version 4) program [55].
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3.3.2. Light Inversion
The NTL data were obtained and recorded using Defense Meteorological Satellite
Program-Operational Linescan System (DMSP-OLS) sensors. The data were obtained for areas
of 1 km × 1 km for four years (1992, 2000, 2008, and 2016), and variations were calculated using GIS
software (Figure 4). The normalized difference vegetation index (NDVI) index was used to construct the
Vegatation Adjusted NTL Urban Index (VANUI) to improve the accuracy of the inversion results [56].
To verify the accuracy of the data, we took 1992, 2000, 2008 and 2016 as sample years, adding the
results from the light inversion to obtain the total value for each area. The relationship between the
light inversion data and the annual GDP values for each area were examined using regression analysis,
which revealed that the inversion results from the NTL data were representative of the economic
Forests
2019, 10, xof
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Figure 5. A regression curve of the regional light index mean and gross domestic product (GDP) per
capita values in 1992, 2000, 2008, and 2016.

3.3.3. Geographically Weighted Regression
In this study, we applied ordinary least squares (OLS) regression and GWR to quantify the
relationship between fragmentation of urban green spaces and urbanization.
The OLS model was expressed as:
Y = β0 +

P
βi xi + ε,

(1)

where xi represents the independent variables, y represents the dependent variables, β0 is the intercept,
βi represents the coefficient of xi , k is the number of independent variables, and ε denotes the error term.
The GWR model, which extends traditional OLS regression, has been used widely to identify
spatially varying relationships through the generation of a set of local-specific coefficients, which is
appropriate for measuring non-stationary variations across space [21,38,57].
The GWR model can be expressed as:
k

 X


y j = β0 u j , v j +
βi u j , v j xij + ε j ,

(2)

i=1

where u j and v j denote the spatial positions of location j, β0 (u j , v j ) is the intercept, and βi (uj , v j ) is the
local estimated coefficient for the independent variable of xij .
The estimation of parameters βi (u j , v j ) was performed using the following equation:
h
i−1
β̂(ui , vi ) = XT W (ui , vi )X XT W (ui , vi )Y,

(3)

where W (u j , v j ) denotes an n × n matrix, the diagonal elements of which refer to the geographical
weighting of observation data for observation i, while the off-diagonal elements have a value of 0.
The weight matrix was calculated for each point i, for which parameters were estimated.
The GWR method entails the establishment of a kernel bandwidth to determine the extent of
spatial dependence. The distance decay function is then used to weight all of the observations within
the spatial unit, assuming that the influences exerted by closer observations are more significant than
those of more distant observations.
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We applied the Gaussian distance decay function to express geographic weights:


wij = exp −d2ij /h2 ,

(4)

where wij denotes the weight for observation j within the neighborhood of observation i, dij denotes
the distance between observations i and j, and h denotes the kernel bandwidth. We calculated the
correlation coefficients between the landscape metrics and urbanization indicators to investigate
potential linear relationships existing between them.
4. Results and Discussion
4.1. An Analysis of the Spatiotemporal Evolution of the Fragmentation of Urban Green Spaces
4.1.1. Largest Patch Index
As shown in Table 3, during the study period, the LPI values of farmland, forested land, and water
bodies decreased, whereas the LPI value of grassland showed an increasing trend. Of these categories
of urban green space, farmland showed the largest reduction in its LPI value, which decreased from
5.66 in 1992 to 0.22 in 2016. This finding indicates a gradual weakening of the previously dominant
position of farmland in central Beijing. Overall, the total LPI value of all of the urban green spaces
decreased significantly from 21.41 to 4.42 during the study period, suggesting that urban green spaces
have been affected by human activities that have gradually resulted in the transformation of green
spaces into built-up land.
Table 3. Largest patch index values of green space in central Beijing for the period 1992–2016.
Land Use

1992

2000

2008

2016

Water bodies
Forested land
Farmland
Grassland
Total urban green space

0.18
4.57
5.66
0.08
21.41

0.19
4.26
1.72
0.09
10.46

0.14
4.34
0.24
0.15
4.41

0.15
4.25
0.22
0.14
4.42

Spatial metrics were calculated using the ArcGIS program to explore the spatiotemporal evolution
of the LPI values of urban green spaces in central Beijing during the period 1992–2016 (Figure 6).
Changes in the LPI values of urban green spaces revealed a circular spatial distribution pattern from
1992 to 2000. In central Beijing, LPI values decreased by more than 70%, overall, with the exception
of the Dongcheng, Xicheng, and Shijingshan Districts. From 2000 to 2008, more LPI values showed
increases in western and central areas, whereas more LPI values showed decreases in the outermost
eastern region. There was an expansion in areas demonstrating positive LPI values, especially in the
Xicheng and Fengtai Districts, compared with the previous period. The decreasing LPI values of green
spaces were concentrated outside of the Fifth Ring Road, especially in the northeastern area. This
finding indicated that fragmentation of urban green spaces had intensified in this area prior to 2008.
From 2008 to 2016, the pattern of changes in LPI values was more complex. During this period, the
areas with positive LPI values were concentrated in the northeastern areas located between the Fourth
and Fifth Ring Roads, as well as outside of the Fifth Ring Road. The areas demonstrating negative
LPI values were located partly in the south and partly in the center of the study area, which indicated
further fragmentation of urban green spaces toward the south. In sum, the LPI values of urban green
spaces in central Beijing decreased during the study period. Spatially, the fragmentation took place
from the Fourth Ring Road to the more northeast region outside the Fifth Ring Road, and then to some
southern areas of the central city.
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Table 4. Landscape shape index values of green spaces in central Beijing during the period 1992–2016.

Table 4. Landscape
shape index values1992
of green spaces 2000
in central Beijing2008
during the period
Land Use
20161992–2016.
Water bodies
64.10
59.71
40.63
43.15
Land Use
1992
2000
2008
2016
Forested land
132.68
101.45
105.66
95.54
Water bodies
64.10
59.71
40.63
43.1576.48
Farmland
89.57
98.41
85.82
Forested land
132.68
101.45
105.66
95.54
Farmland
89.57
98.41
85.82
76.48
Grassland
47.06
51.94
31.08
37.46
Total urban green space
86.15
93.40
98.03
104.37
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4.2. Comparison of the Results of the OLS and GWR Models
The statistical spatial analysis was conducted using Macroecology software, and the simulation
results of the GWR model were obtained consequently. In addition, to compare and verify the reliability
of the GWR model, we applied the sigma model and calculated the Akaike information criterion
(AIC) for both the OLS and GWR models (see Table 5). The LPI and LSI index variation sigma values
generated from the GWR model were lower than those generated with the OLS model, and the GWR
residual value also declined significantly. Moreover, the AIC values obtained with the GWR model
were significantly lower than those obtained with the OLS model, indicating a closer approximation of
the GWR model to the actual situation [58]. In all cases, and for different periods, lower sigma and
AIC values were obtained with the GWR model than with the OLS model, demonstrating the better
performance of the GWR model in determining relationships between fragmentation of urban green
spaces and urbanization.
Table 5. Simulation results for the geographically weighted regression (GWR) and ordinary least
squares (OLS) models.
GWR Model

Sigma
AIC
R2
Adj R2

OLS Model

LPI

LSI

LPI

LSI

2.452
4623.943
0.051
0.031

0.477
1435.162
0.563
0.474

6.185
4645.382
0.005
0.004

0.410
1942.384
0.052
0.051

4.3. The Effect of Urbanization on the Fragmentation of Urban Green Spaces
The influences of urbanization on two landscape metrics varied regarding the values of R2 .
The higher R2 of 0.563 indicated that NTL had a strong ability to explain the evolution of LSI. In
contrast, NTL had a relatively poor explanatory capacity for the change of LPI. The impact of NTL
on LSI was more direct than that of LPI. Highly correlated with LSI, NTL can directly affect the
dispersion of green space in space. The indirect influence of the NTL factor on LPI indicated that LPI
may be also affected by other factors such as GDP, population density, land use policies, and urban
planning. However, the NTL data could explain the spatial and temporal changes of LPI in relation to
the urbanization.
The spatially varying coefficients indicated that relationships existed between fragmentation of
urban green spaces and urbanization during different periods. As shown in Figure 8, the effects of
urbanization on variations in LPI values differed across the entire study area during different periods.
Overall, from 1992 to 2008, significant negative correlation coefficients (with values below zero) were
observed in the study area. An evident reduction in areas demonstrating negative urbanization effects
on LPI values was correlated with the ongoing urbanization process. In particular, during the period
2008–2016, variations in LPI values in southern areas were positively correlated with urbanization.
From 2000 to 2008, a layered structure resulting from the impact of urbanization on changes in LPI
values in Beijing was evident. Moving from the center to the boundary of the study area, variations
in the influence of urbanization gradually became apparent, with its negative influence being more
significant in the urban periphery than in the city core. There was a significant increase in the LPI value
of southwestern Beijing, which was a newly developing area, during the period 2008–2016, especially
in the Shijingshan and Fengtai Districts. Conversely, during previous periods, urbanization was
negatively associated with variations in LPI values in the same area. Several parks were developed in
the southwestern districts during the period 2008–2016, which may account for the positive correlations
between urbanization and variations in LPI values in these places.
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urban green spaces. The intervention of this policy to promote “the face of the country” has resulted in
more effective implementation of this type of green planning. However, the overall decline in green
spaces along with increasing fragmentation and complexity in their spatial patterns is also indicative
of other issues relating to Beijing’s green planning, including the uneven distribution of green spaces
and poor planning/construction of urban green spaces (e.g., a focus on beautification rather than on
ecological principles).
Thus a dilemma exists as a result of encroachment on green spaces via urbanization and
concurrent policies, and plans for the construction of urban green spaces. From the perspective of
sustainability, the most appropriate strategy would be to maintain natural green spaces and prevent
their encroachment, prompted by urban development, as this would improve ecological connectivity
and integration, thus effectively supporting ecosystems. Although boundaries for ecological areas
have been proposed within Beijing’s new Master Plan, their effectiveness is contingent on how they are
implemented. Recently, a trend of vigorous development has been evident in southern cities. Attention
should therefore focus on protecting natural green spaces from the outset. At the same time, new green
spaces can be developed in urbanized areas, which would also improve their living environments.
According to Beijing’s new Master Plan, the government will vacate an area of land of approximately
32 km2 within central Beijing. This vacated land would be considered to be developed into green
spaces rather than being developed as real estate. A sustainability-oriented perspective is needed in
planning and development that entails a consideration of ecological principles along with extensive
efforts to ensure the optimal quantity, spatial distribution, and quality of green spaces.
5. Conclusions
In this study, we examined the varying spatiotemporal effects of urbanization on the fragmentation
of urban green space in central Beijing using calculated spatial metrics at local levels and DMSP/OLS
nighttime light data inputted into a GWR model. The spatiotemporal perspective adopted is this
study can facilitate a comprehensive understanding of spatial and temporal heterogeneities in the
relationships between spatial patterns of green spaces and urbanization, which is rarely discussed in
previous literature. The results of the GWR model revealed how urbanization processes within the
central city influenced spatial patterns of urban green during different periods. They indicated that
rapid urbanization not only led to the occupation of green spaces but it also directly contributed to a
high level of fragmentation of urban green spaces. The main sites of urbanization during the initial
stage were northern parts of the city. However, because of insufficient space to accommodate further
development, the urban fringes in the southern parts also underwent urbanization, especially after
2008. The results of this study suggest that urban fringes and rural areas underwent dramatic changes
in the spatial patterns of their green areas during the study period. Moreover, a majority of the varying
policies introduced by the government for protecting green spaces and constructing new green areas
seem to have failed.
Changes in the spatial patterns of urban green areas were found to be closely associated with
Beijing’s dynamic spatial structure, which was affected by its rapid urbanization and by urban
policies. The green planning of Beijing in the future will undoubtedly be influenced by wider urban
policies and by the new Master Plan. Planning responsibilities that were previously distributed across
different planning departments have been merged with the recently established Ministry of Natural
Resources, which may contribute to improved implementation of different planning policies. From the
perspective of sustainability, concerted efforts will be needed to protect existing natural green spaces,
while simultaneously planning and introducing more high-quality and equally distributed urban
green spaces in space are essential under the purview of a consistent and strategic spatial planning
system. Meanwhile, future green space planning requires considering residents’ perceptions via more
public participation as physical planning may not be able to meet people’s real needs. Continuous
and effective evaluation on urban green spaces is also required for reviewing planning policies and
their implementation.
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Although this study integrates multiple data sources and analytical methods to improve the
reliability of the results, it still has several limitations. First, landscape patterns are scale-dependent
and associated influences in relation to urbanization are also sensitive to spatial scales [42]. The grid
size of land use was chosen as 30 m × 30 m in this study. It does not consider smaller green areas, that
may be newly introduced or be the consequence from the fragmentation of the existing dominated
green areas, which can still contribute to the overall green infrastructure in central Beijing. Secondly,
most of urbanization data are limited by statistical units; the NTL data were applied to assess the
urbanization process. It could not comprehensively reveal the spatial differentiation of the impacts of
urbanization factors on fragmentation of urban green spaces. In the future, the scale effect of landscape
patterns should be further explored using higher precision satellite images. As to the urbanization
factors, population density and gross domestic product should be measured more finely to explain
and understand the underlying relationships between the urbanization process and fragmentation of
urban green spaces. Ecosystem service changes of urban forests in relation to urbanization is also one
of the future research foci in ecology and geography.
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