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Abstract: Recreational green space (RGS) offers the most intuitive place for urban residents to get
in touch with nature. The service radiation of RGS is related to the travel mode, however, residents’
travel behavior has long been ignored in the study of RGS services. This paper considers the Guang-
dong-Hong Kong-Macau Greater Bay Area (GBA), uses multi-source data, refines the spatial dis-
tribution of residents, extracts and classifies the RGS into three categories (township (TRGS), coun-
try (CRGS), and urban (URGS)), and analyzes the spatial distribution of the three types of RGS.
Using the travel isochrone, the RGS services coverage (including spatial and population coverage)
in 11 cities within the GBA is defined by multiple travel modes. Finally, a comprehensive evaluation
of the RGS services in the GBA is conducted based on the residents’ transportation choice willing-
ness and recreational selection. The results showed that: (1) TRGSs are mainly distributed in the
suburbs, URGSs are mainly concentrated in the mid-western and southern regions, and CRGSs are
mostly concentrated in the center of the GBA. (2) For daily travel (15-min and 30-min travel modes),
the coverage of the RGS services is unevenly distributed, while under the 60-min travel mode, the
RGS services can almost fully cover the residents in the GBA (SPYRGS > 99%). (3) The RGS service of
the central cities (Hong Kong, Macau) is better than that of the edge cities (Zhaoqing, Jiangmen), and
the different city types should adopt different RGS planning and management strategies. This study
provides a reference for RGS refined planning and maintenance in mega-urban agglomerations.

Keywords: multiple travel modes; recreational green space; green space service; Guangdong-Hong
Kong-Macau Greater Bay Area

1. Introduction

The United Nations Population Fund (UNFPA) reports that half of the world’s pop-
ulation now lives in urban areas, and the proportion will rise to 60% by 2030 (UNFPA,
2021). The rapid development over the past decade has made the Guangdong-Hong
Kong-Macau Greater Bay Area (GBA) a region with the highest level of urbanization in
China, and it joins the ranks of the four global bay areas (TBA: Tokyo Bay Area, NYBA:
New York Bay Area, and SFBA: San Francisco Bay Area). The explosive urban population
growth has a stress on infrastructure, which struggles to match the residents’ needs, es-
pecially in developing countries [1]. Urban green spaces (UGS) are important municipal
utilities, and the accessibility to green spaces helps to maintain the physical and mental
health of the residents as well as improves their well-being [2]. There is no doubt that the
UGS will become an increasingly important green welfare with urban development. In
recent years, many mega-city clusters have prioritized UGS construction during the new
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round of urban planning [3,4]. In this context, studying the service capacity of UGSs in
urban agglomeration is particularly urgent and necessary from the residents’ travel mode
perspective.

Information about UGS is extracted from the land use and land cover datasets, which
objectively reflects the spatial distribution of green spaces in urban areas [5]. However,
the UGSs are not fully available for the residents’ recreational activities. Within the
broader category of the UGS, recreational green space (RGS) provides a place for resi-
dents’ recreation activities such as nature engagement, social entertainment, and physical
activity [6]. Access to an RGS in daily life is associated with better mental health, stress
relief, and an overall sense of happiness [7]. Different types of RGSs are adapted for vari-
ous sightseeing uses and cannot substitute for each other. In 2012, the Chinese govern-
ment proposed ensuring that residents can reach green spaces within 300 m and parks
within 500 m of themselves [8]. The “Outline Development Plan for the Guangdong-Hong
Kong-Macau Greater Bay Area” also stated that more leisure options should be devel-
oped during urban planning to enrich the residents’ leisure choices [9].

The public facility allocation based on residential travel behaviors has been proven
to be a mature way to improve the life quality of the residents since it meets the residents’
needs [10]. Scholars divide urban traffic circles into three categories according to temporal
scales: quarter-hour, half-hour, and one-hour types [11,12]. Different traffic circles corre-
spond to different travel modes at different spatial scales. The spatial analysis in traffic
circles studies is usually based on the buffer area of uniform expansion, and it ignores the
influence of the actual road distribution. In reality, the boundaries of the traffic circles
depends on the road network, and they varies significantly among regions. A traffic circle
can be represented by a travel isochrone (TIC), an irregular polygon that is surrounded
by points of equal travel time around a given location [13]. The TIC depends on road net-
works that can objectively define the geographic range of the traffic circles and be used to
delineate the travel range of the residents, accurately [13].

Currently, most of the studies of the relationship between the residents’ UGSs have
been based on accessibility approaches with the help of the Geographic Information Sys-
tem (GIS). For instance, the minimum cumulative resistance model and origin—destination
matrix estimation model have been widely used to analyze the spatial patterns and eval-
uate the UGS’ suitability [14,15]. Their data granularity is, however, singular and ignores
the dynamic variability of green space accessibility via different travel modes. The two-
step floating catchment area method (2SFCA) has been developed in recent years to ana-
lyze the relationship between the urban residents and the elements, and it can be used to
assess the public facilities under different spatiotemporal conditions [16]. The 2SFCA
method considers the UGS as a supplier and residents as demanders; it allows for the
analysis of the accessibility between them through a radius search, ignoring the differ-
ences in the accessible radii in different regions. Online map services that possess a high
resolution, accurate time estimates, and the integration of multiple traffic modes, such as
Google Map, Baidu Map, and Mapbox, provide the possibility for a customized analysis
to be performed of the spatial relationship between the urban elements.

The residents’ travel behavior should be considered in urban green space planning,
which has been ignored in current studies. This study chose the GBA as the study area to
evaluate the RGS services from a multiple travel mode perspective: the extraction and
classification of green spaces with recreational value (RGS); the analysis of RGS service
coverage through the isochronous circle (TIC) method; the RGS service evaluation under
multiple travel modes. The study result can provide help for RGS refined planning and
maintenance in mega-urban agglomerations.
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2. Materials and Methods
2.1. Study Area

With its rapid development in recent years, the GBA has become one of the world’s
four major bay areas, with it joining the NYBA, TBA, and SFBA. The GBA created more
than 1.96 trillion U.S. dollars of gross domestic product (GDP) in 2021 (contributing about
1/10 of China’s national GDP), and its resident population reached about 86 million. In
2019, the Chinese government released the Outline Development Plan for the Guang-
dong-Hong Kong—Macau Greater Bay Area, promoting the construction of the transpor-
tation network in the GBA. By the end of 2020, the total length of the expressway in the
GBA exceeded 5000 km [17], and the road network density reached 0.082 km/km? (it was
ranked first among the four major bay areas). The completion of the “one-hour traffic cir-
cle” has dramatically improved the travel efficiency for the residents in the GBA [18].
Meanwhile, as one of the world’s most economically developed and densely populated
areas, the GBA also has one of the highest levels of conflict between the people and the
urban green space. Therefore, this study selects the GBA as an example to find the char-
acteristics of the RGS service capacity in bay area urban agglomerations and provide a
reference for RGS planning and the improvements that can be made to the residents” qual-
ity of life.

The RGS service capacity is related to the residents’ travel behavior. This study ana-
lyzed the service capacity of the RGSs within different traffic circles and travel modes.
Urban, county, and township are selected as the spatial division units for the research
scales in this study according to the division of the traffic circle scale [12]. These three
units represent the administrative hierarchy’s primary organizational levels, which are
controlled in a top-down manner in the Chinese system of urban government. They also
correspond to the micro, meso, and macro aspects of the study of urban problems. A total
of nine cities (Dongguan, Foshan, Guangzhou, Huizhou, Jiangmen, Shenzhen, Zhaoqing,
Zhongshan, and Zhuhai), two special administrative regions (Hong Kong and Macau),
seventy-six counties, and six hundred and thirty townships were included in this study
(Figure 1).
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Figure 1. Study area and its location in China.
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2.2. Data and Methods

Figure 2 presents the RGS service evaluation workflow, which is divided into five
parts. Firstly, research data were obtained through multi-source data collection and pro-
cessing methods. Secondly, the population distribution was spatialized to residential
points based on the building contours. Thirdly, the recreational green space (RGS) was
extracted and classified into three categories (a township-type RGS, a country-type RGS,
and an urban-type RGS), and their spatial distribution was analyzed. Fourthly, the online
mapping service was used to delineate the travel isochronous (TIC), and the spatial sta-
tistics analysis method was used to calculate the coverage of RGS service (area ratio and
population ratio). Then, the RGS service population coverage per unit area was analyzed
by a spatial join analysis. Finally, the RGS service was comprehensively evaluated based
on the residents’ transportation choosing willingness and recreation choice probability.

Population distribution ~ Building contour  Road network  Green space type Terrain and slope

|r (a) Multi-source data collecting and processing {
: Cellphone signaling WorldPop Online map Land use and Land cover DEM |

| | || | i '
: v v v v :
| 1
|

(b) Population spatialization

[ [ |
| || |
I Building Population | | RGS extraction and classification |
I cont distributi | | l
| contour istribution : | v ¥ oS |
| ¢ || TRGS CRGS URGS |
I Residential | L | I I
e | v
I building | s y |
| | | RGS distribution analysis |
| I

| g R ; || \Z v v |
I Resident distribution points | | Coverage ratio Average patch size Per capita area |
I | |
______ T______I _____*_______I____________
S TS =
| (d) RGS service coverage analysis I
I

: Resident distribution points —ﬁ RGS TIC delineation I
| v v }
| Spatial Statistical Analysis Spatial join analysis ]

| I
| v v — |
| RGS service coverage RGS service coverage RGS service population |
| area ratio population ratio per unit area |
L e o e
P — [ 1
| (¢) RGS service analysis I
| RGS service population Residents’ choosing Residents' recreation choice :
per unit area willingness on transportation probability |
L | |

v |

|

|

I
|
: RGS service index

Figure 2. RGS service evaluation in the GBA. Note: DEM, Digital Elevation Model; RGS, recreational
green space; TRGS, township-type recreational green space; CRGS, country-type recreational green
space; URGS, urban-type recreational green space; TIC, travel isochrone.
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2.2.1. Population Spatialization

The spatial distribution pattern of the population in the GBA was estimated using
multi-source data (Figure 3). This study selected the 250 m resolution population distri-
bution raster data from China Unicom (obtained from the expanded sample statistics of
mobile phone signaling) and the 100 m resolution population distribution raster data from
WorldPop to estimate the population distribution. The data were selected from October
to November 2019 (the spatial population distribution was not affected by the COVID-19
outbreak), as China has gradually eased the travel restrictions and returned to the pre-
pandemic state.
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Figure 3. Population distribution in the GBA.

By referring to the peanutButter web application in WorldPop [19], this study con-
structed a population distribution refinement method to refine the population to the exact
geographical coordinate points (Figure 4). Building contours were extracted from online
maps, including Baidu Maps, AMAP, Map World, and Open Street Map. The “Join At-
tributes by Location tool” in QGIS (V3.20.3) was used to process all of the building contour
data layers and determine the overlapping properties of the layers (Figure 4a). These lay-
ers were then merged, and the redundant building polygons were removed by filtering
the contained relations and statistics in the overlapping properties of each polygon (Fig-
ure 4b). The non-residential building polygons were then removed using the “Type” field
in the layer properties (Figure 4c). Finally, in Figure 4d, the centroid of the residential
buildings was extracted, and the population raster data (a darker red color means more
people) were evenly disaggregated among the residential building points (for cells with-
out residential building points, the centroid was taken as the additional point). The pop-
ulation distribution raster data from 348,817 effective cells were refined into 3,302,974 res-
ident distribution points using this method.
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Figure 4. The process of allocating the population to residential points.
2.2.2. RGS Extraction and Distribution Analysis

Extraction and Classification

Green spaces provide an important venue for the residents’ recreation activities, such
as exercise, leisure, entertainment, culture, and other services. This study adopted the
multi-source data fusion method (including data related to land use, land cover, online
maps, digital elevation models (DEMs), and road networks) to obtain the RGS data for the
GBA (Figure 5). The land use data came from China’s third national land survey, and it
covers 12 broad categories and 73 different land-use types. The land cover data were ob-
tained from the GlobalLand30 dataset of the Chinese National Catalogue Service for Ge-
ographic Information. The road network and green space data were extracted from cur-
rent mainstream online maps using online mapping platforms (Baidu Maps, AMAP, Map
World, and Open Street Map). The DEM data came from the Geographical Information
Monitoring Cloud Platform (http://www.dsac.cn/ (accessed on 20 September 2020)). Dif-
ferent types of green spaces provide the different types of recreation services [20], and the
residents have different recreational demands under different travel modes [18]. Referring
to the residents’ recreational options, this study divided the RGS into three categories (Ta-
ble 1): the urban-type RGS (URGS), the country-type RGS (CRGS), and the township-type
RGS (TRGS) [21]. The URGSs are those with high requirements for visiting time, such as
national parks, forest parks, scenic spots, etc., which primarily provide services for the
residents to conduct occasional short trips during holidays, and they usually have the
highest landscape or visitation value [22,23]. The CRGSs include urban parks, green
squares, green sports fields, etc., which meet the residents’ needs for sports, leisure, and
social interaction in their daily leisure time; they are an essential element of municipal
public facilities, and each of them has an area of more than 1000 square meters and a con-
tinuous and complete spatial morphology [24]. The TRGSs are those small or undevel-
oped green spaces, such as parterres, pocket parks, center street parks, etc., which do not
require much space and are more flexible in urban planning and construction designs
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[6,25]. Although they have a low visitation value, TRGSs are widely distributed and easily
accessible, making them a good place for residents to take a short break [26].
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Figure 5. Recreational green space extraction and classification.

As shown in Figure 5, the data were processed as follows: Firstly, QGIS (V3.20.3) was
used to merge and dissolve the green space data from different sources and classify the
data fields into three types according to the service types. Secondly, the areas that were
unsuitable for hiking (slope > 25%) were eliminated based on DEM by referring to the
study of mountain exercise physiology [27]. Thirdly, the buffer zone of the road network
was extracted to remove the road greenbelts according to The Classification Standard of
Urban Green Space [28]. Finally, non-RGSs were removed from the green space data, and
the RGS distribution was obtained in the GBA. Among the three categories of green
spaces, the proportion of CRGSs is the smallest, accounting for only 6.75% of the total
amount, while the proportions of URGSs and TRGSs were 33.44% and 59.81%, respec-
tively (Table 1).
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Table 1. RGS statistics.
Category Service Type Green Space Types Total Area (km?)
TRGS Brief respite Pocket park, Center street par'k, Parterre, Unde- 142,250.75
veloped greening
CRGS Daily leisure Urban park, Urban greenway, Green sports 16,059.62
field, Green square
URGS Leisure tour Scenic spot, National park, Agritainment, For- 79,544.17

est park

Note: RGS, recreational green space; TRGS, township RGS; CRGS, country RGS; URGS, urban RGS.

Distribution Analysis

This study identified the coverage ratio (CR), average patch size (APS), and per capita
area (PCA) as indicators to explore the distribution pattern of RGS in the GBA. The equa-
tions of these three indicators are shown as follows:

n k

n_S;
CR, =211 % 100% 1)
Sh

where CRj, represents the RGS coverage ratio in the administrative division unit h; k de-
notes the category of RGS that was analyzed (TRGS, CRGS, or URGS); S, is the area of
the administrative division unit h; n denotes the number of RGS patches in the admin-
istrative division unit h; Si" is the area of the i-th RGS patch.

n k
i=15i

APS, =210 2)
n

where APS, represents the average area of the RGS blocks in the administrative division
unit h, which reflects the fragmentation and landscape heterogeneity of the RGS [29]. A
higher value means more concentrated green space, and a lower value means more dis-
persed green space.

n k

n gl
PCA, = 2212 (3)
h Ph

where PCA,, is the per capita RGS area in the administrative division unit h, which is an
indicator to measure the matching degree between the RGS and the population, and P,
is the population in the administrative division unit h.

2.2.3. RGS Service Coverage Analysis

The RGS service is related to the residents’ travel modes and needs to be analyzed
based on a travel isochrone (TIC). Firstly, we delineated the TIC based on the travel modes
of residents from the centroids of the RGS patches. Then, the TIC of the RGS was over-
layed with the population distribution and the administrative divisions, and the space
and population proportions covered by the TIC of the RGS were then calculated. Finally,
spatial join analysis was used to calculate the population that could be served per unit
area of each RGS patch.

Isochrone Delineation

A TIC is a geospatial reflection of the traffic time, and it is often used to quantify the
range of accessibility without defining a specific purpose [30]. Referring to prior studies
on traffic circles and green space accessibility [31], this study matched the corresponding
travel modes to three kinds of RGS (TRGS, CRGS, and URGS) and assigned them to six
TICs (Table 2), as illustrated in Figure 6. This study used the centroid of the RGS patch as
the starting point to delineate the isochrone. Large RGS patches were split into multiple
smaller ones (at intervals of a 1-min travel range under selected travel modes) to improve
the accuracy of the TIC delineation. Finally, the Mapbox online map service API
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(https://docs.mapbox.com/api/navigation/isochrone/ (accessed on 8 December 2021)) was
used to obtain the TIC data for all of the RGS blocks in the GBA.

040 20 B sgn e
— — K -

@ lravel starting point 60-min driving circle [l 30-min driving circle [ 30-min cycling circle
771 30-min walking circle [ ] 15-min cycling circle [ 15-min walking circle

Figure 6. TIC delineation of different travel modes.

Table 2. Average TIC attribute values.

Travel Mode RGS Category TIC Radius (km) TIC Area (km?)
15 min walking TRGS 0.47 0.70
15 min cycling TRGS 1.17 431
30 min walking CRGS 1.37 5.90
30 min cycling CRGS 4.27 57.32
30 min driving CRGS 14.39 650.64
60 min driving URGS 39.38 4870.964

Note: TIC, travel isochrone; RGS, recreational green space; TRGS, township RGS; CRGS, country
RGS; URGS, urban RGS.

Coverage Analysis

Space syntax was used to discover the implicit relationships between the features
through the topological relationships [32], and it is widely used to study the relationship
between human beings and the landscape [33]. This study constructed a method for stud-
ying the spatial relationship between the RGS service and the residents based on the space
syntax. The administrative divisions of the urban, country, and township areas were used
as computing units to calculate the service space coverage ratio (Equation (4)) and the
population coverage ratio (Equation (5)) of different categories of RGSs.

(ST = ST + B SN
Sh

Ssck = * 100% 4)
where h is the administrative division unit; SC¥ is the service space coverage of the k-
type RGS in the computed administrative division unit h; n is the number of RGS
patchesin h; ST'C is the area of the TIC in the RGS patch i; S?™¢ is the overlapping area
of the TICs in the RGS blocks i; m is the number of intersecting TIC blocks in h; SN is
the area of the intersecting patch i of the TIC; S, is the area of h.

n
i=1 Pi

Spk = «100% (5)

h

where SPF is the RGS service population coverage of the k-type RGS in the administra-
tive division unit h. A higher value means more people can enjoy the RGS services; n is
the number of resident distribution points covered by the RGS’s TIC in h; P; is the
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population of the i-th resident distribution point; P, is the total population in the ad-
ministrative division unit h.

A spatial join analysis was used to calculate the number of residents covered by the
service per square meter of RGS (PCRS) by overlaying its TIC with the residential points.
The calculation of PCRS is shown in Equation (6):

n

n P
k _ &i=171
PCRSK = o (6)

where PCRS; denotes the number of residents covered by the k-type RGS patch g; n
denotes the number of residential points covered by the TIC of the RGS patch g P; rep-
resents the population of the i-th TIC covered the residential point; S, is the area of the
RGS patch g.

2.2.4. Service Analysis

This study used a location entropy calculation to analyze the level of the RGS services
of each township in the GBA. The services of each category of RGS were then evaluated
based on the residents’” transportation choice willingness. Finally, the RGS services of the
township were evaluated comprehensively according to the residents” RGS selection
probability.

Location Entropy Calculation

Geospatially, location entropy reflects the level of a spatial unit in the entire domain,
and it is widely used to analyze the equilibrium of the spatial data [34]. This study used a
location entropy calculation to analyze the RGS service level and the equilibrium of the
township units in the GBA. The calculation formula is shown in Equation (7).

n
i=1 Pi

ERSf = —————— 7
" PCRS§p iy Si 7

where ERSF denotes the service level of the k-type RGS in the township unit h. If
ERSY > 1, this township unit has a high RGS service capacity. If ERSF < 1, the RGS ser-
vice capacity of this township unit is considered to be weak. The absence of an ERSY
value indicates that this type of RGS is missing in this township unit; n is the number of
RGS patches in the computed township unit h; P; is the number of residents covered by
the TIC of i-th RGS patch; S; is the area of the i-th RGS patch; PCRS%;, is the average
population for each square meter of the k-type that the RGS can serve in the GBA.

Evaluation of RGS Service under Multiple Travel Modes

To comprehensively evaluate the service of the RGS under multiple travel modes,
based on Peng et al. [35] and Yang et al. [36], this study adopted a multi-factor evaluation
model and constructed an RGS service index (Equation (8)). Finally, the three categories
of RGS were integrated, and the comprehensive service index of the RGS service was cal-
culated according to the residents’ recreation choice probability (Equation (9)) [12].

P (ERSE * W)

RSEF = W,
1= L

(®)
where RSEf denotes the k-type RGS's service evaluation index at multiple travel modes
in the computed township unit h; n is the number of travel modes that are involved in
the k-type RGS service; ERSF is the service level of the k-type RGS under the i-th travel
mode; W; is the proportion of the i-th travel mode in the RGS service. The weight of
transportation in this study (Wyaiking = 0.67; Weyciing = 0.15; Wriping = 0.18) is based
on the residents’ willingness to choose a certain transportation mode [23].

RSER® = 0.6 * RSE; "% + 0.35 * RSE;R% + 0.05  RSE*%* )
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where RSER® denotes the comprehensive service evaluation index of three categories
RGS in the computed township unit h; RSEFRS, RSELRSS, and RSEYRSS represent the
service evaluation index of TRGS, CRGS, and URGS, respectively.

Finally, the RGS service evaluation index was divided into five grades (high, rela-
tively high, medium, relatively low, and low) by a quantile method, and this was visual-
ized by hierarchical coloring.

3. Results
3.1. RGS Distribution

The total coverage of the RGS is 53.46% in the GBA. The distribution of the RGS in
the GBA is uneven, and the area of three categories of the RGSs vary greatly (CRrggs =
32.50%; CR¢grgs = 3.67%; CRygrgs = 18.17%). In general, the allocation of TRGS in the
GBA is negatively correlated to the urbanization development level (Figure 7) due to the
negative impact of urban development on the vegetation [37]. Hong Kong (CRrrgs=55.7%;
CR¢ggs = 5.3%) and Macau (CRyggs = 20.6%; CRcrgs = 19.0%) have a large proportion of
TRGSs and CRGSs, but they are poor in terms of the RGS area per capita (Hong Kong
PCArrgs = 748.9 m?/p, PCAcres = 225.7 m?/p; Macau PCArggs = 129.6 m?*/p, PCAcpgs =
33.4 m?/p). The average RGS patch size is also small (Hong Kong APSrrss = 0.6 km?,
PCAcrgs = 1.3 km? Macau PCApggs = 0.1 km? PCAcggs = 0.2 km?), and this is perhaps
caused by long-term urbanization in these two cities. These two cities have a long history
of construction, and the developed urban built-up areas have a high building density,
therefore, the RGS can only be built in small open spaces. Zhaoqing (CRrggs =55.7%) and
Huizhou (CRrggs = 41.4%) have a high proportion of TRGS coverage because these two
cities are located in the mountainous area on the edge of the GBA, and their undeveloped
green space is abundant.
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Figure 7. RGS statistics of 11 cities in the GBA.

Figure 8 shows the distribution of three categories of RGSs in the GBA; the TRGS are
widely distributed in the GBA. They are mainly at the region’s margins, while CRGSs and
URGSs are mainly spread around the built-up area of the urban agglomeration. The CRGS
CR is closely related to urbanization (Figure 7). When they are compared with less devel-
oped cities (Huizhou, Zhaoqing, and Zhongshan), the developed cities (Hong Kong, Shen-
zhen, and Macau) devote more resources to constructing urban parks and squares
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(CRGS). The URGSs are mainly distributed in the mid-western and southern regions in
the GBA (Figure 8), and the PCA is inversely proportional to the population distribution.

Density
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£ e [

0
Low K Low

Density
e Jiangmen
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Figure 8. The distribution density of three categories of RGS.

3.2. RGS Service Coverage

In this study, we conducted spatial statistics on the space and population that are
covered by the travel isochrone (TIC) of the RGS under different travel modes. For a better
comparison to be made, this study uses the RGS service coverage of the whole GBA as the
baseline array. In general, the service coverage of the RGS (SC) in the GBA is higher than
the coverage of the RGS (CR), and the rate of improvement gradually increases as travel
modes are upgraded (Table 3).

Table 3. RGS service space coverage (CRm/SCm).

RGS category TRGS CRGS URGS
Travel pattern 15-min walking  15-min cycling 30-min walking 30-min cycling 30-min driving 60-min driving
[ 1259% [ 1259% | 3.44% | 3.44% | 3.44% [ 11.31%
Dongguan
B 5% 69.56% F] 1656% _ 54.35% s | B2 |
Foshan [l 1080% [l 10.80% [l 572% [l 572% [l 572% [l 1250%
I 36.82% 63.58% 1 2423% 63.18% IEE52% | t000% |
Guanssho [ 24.20% [ 12420% I 3.42% [ 342% [ 342% [l 11.45%
U Z u
8 T 50.09% 65.85% ] 1458% I 35.92% 74.91% 96.10%
I 41.40% [ 4140% 0.06% 0.06% 0.06% | 234%
Huizhou
% ~ 56.79% | 1.05% [ 425% F127.12% 78.26%
Jiangmen I 82.48% [ 3248% [ 504% [ 504% [ 504% [ 13.02%
8 B o3% % [ 691% [ 1456% . 4781% 91.11%
Shenzhen 1] 6.98% [ 698% [l 971% [l 971% [l 971% [ 39.00%
B 934% 65.95% B 35.20% _ 64.00% 90.02% | P99.93% |
Zhaoain 44199% 44199% | 1.15% | 1.15% | 1.15% [l 844%
T s msaoy% | 190% | smw% ] 1ess%  EEIB073%
Zhoneshan I 4.99% | 499% 0.05% 0.05% 0.05% [ 16.42%
& B 2692%  EES0g1% B 119s%  Wshosv  NOESS% | MENSOST%
Zhuhai 1] 7.10% [ 710% I 3.31% | 331% | 331% [ 127.05%
T 38.29% ~ 59.40% 1l 1681% 46 0a% 85.52% 98.42%
Honekon I 55.70% EE70% ] 19.03% ] 19.03% ] 19.03% [l 7.40%
grong 78e5% | BEET79.00% | E] 19.39% ] 2147% T 4329% 76.00%
Macau ] 2060% 1 20.60% [ 531% [ 531% [l 531% [l 11.92%
T 52.48% 68.53% ] 1454% 63.76% BTz | IP6s0% |
GBA I B2.50% [ 3250% [ 3.67% [ 367% [ 367% ] 1817%
I 50.08% s 81% [l 864% ] 20.39% P 4768% 7958%

Note: RGS, recreational green space; CR, RGS coverage; SC, RGS service space coverage; TRGS,
township RGS; CRGS, country RGS; URGS, urban RGS.
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For TRGS, the overall service coverage improvement of the GBA under the 15-min
walking mode reached 17.58% and it increased to 26.31% in the 15-min cycling mode.
Except for Huizhou (15 min walking: 11.71%; 15 min cycling: 15.39%), Zhaoqing (15 min
walking: 8.87%; 15 min cycling: 9.10%), and Jiangmen (15 min walking: 16.83%; 15 min
cycling: 23.33%), the RGS service coverage improvement in the other cities is higher than
that of the whole GBA in the 15-min walking mode. The main reason for this is that these
three cities are located in the mountains on the edge of the GBA, and the green space
resources are abundant, but concentrated (Figure 7). It is worth noting that Hong Kong
has an above-baseline improvement in the 15-min walking mode (22.95%) and a below-
baseline improvement in the 15-min cycling mode (23.30%). Due to the high coverage and
even distribution of the TRGSs in Hong Kong, the coverage of the TRGSs in the 15-min
walking mode is close to saturation (78.65%), and the 15-min cycling mode cannot identify
a further improvement on this. For the CRGSs, except for Huizhou (30 min walking:
0.99%; 30 min cycling: 4.19%; 30 min driving: 27.06%), Jiangmen (30 min walking: 1.87%;
30 min cycling: 9.25%; 30 min driving: 42.77%), Zhaoqing (30 min walking: 0.75%; 30 min
cycling: 1.96%; 30 min driving: 15.68%), and Hong Kong (30 min walking: 0.36%; 30 min
cycling: 2.24%; 30 min driving: 24.17%), which are below the baseline (30 min walking:
4.97%; 30 min cycling: 16.72%; 30 min driving: 44.01%), the other cities in the GBA have a
higher-than-baseline service coverage improvement. Huizhou, Jiangmen, and Zhaoqing
have fewer CRGSs, and these are mainly concentrated in the built-up areas, and it is dif-
ficult for the services to cover the suburbs as Hong Kong’s CRGS are mainly concentrated
on Hong Kong Island and the Kowloon Peninsula, while the New Territories (the largest
area) still have a lot of undeveloped lands, where the road network is less developed. In
the 60-min driving mode, the service coverage of the URGSs in the GBA is increased by
61.44%. Only Zhaogqing is below baseline in this travel mode because it is located north-
west of the GBA, with a large area and low road network density.

Table 4 shows the RGS service population coverage under different travel modes for
11 cities in the GBA. In general, as the travel modes are upgraded (expansion of the TIC),
the RGS service coverage gradually increases. In the 15-min walking mode, the TRGSs,
which are most closely related to the people’s daily life, can serve more than half of the
population in the GBA (SPTR¢S = 63.8%). Except for Zhaoqing (SPTRSS = 44.42%) and
Zhongshan (SPTR% = 45.06%), the TRGS service population coverage of other cities is
higher than 50%. In the 15-min riding mode, the TRGS services in each city can cover more
than two-thirds of residents. For the CRGSs, their service is uneven across cities in the 30-
min walk travel mode. For Dongguan, Huizhou, Zhaoqing, and Zhongshan, the CRGS
service population coverage rate is less than 40%, while in Hong Kong and Macau, it is
close to 100%. Using a 30-min travel mode can greatly reduce the difference between the
cities, which indicates that upgrading the travel mode can make up for the uneven distri-
bution of the CRGS service coverage. In the 60-min driving travel mode, the URGS ser-
vices can cover almost all of the residents in the GBA (SPURGS = 99.31%), which means
nearly all of the GBA residents can reach suitable green recreation places within an hour’s
drive. The results were supported by the achievements made by the government’s “one-
hour traffic circle” construction, which started in 2013 [9].
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Table 4. Ratio of RGS service population coverage in each city (SP).

RGS category TRGS CRGS URGS
Travel pattern  15-min walking 15-min cycling 30-min walking 30-min cycling 30-min driving 60-min driving
Dongguan 54.25% 91.55% 29.81% 81.34% 99.43% 99.99%
Foshan 54.85% 92.26% 61.09% 94.12% 99.97% 100.00%
Guangzhou 65.77% 93.53% 67.02% 92.91% 99.77% 99.99%
Huizhou 55.49% 77.92% 17.42% 43.02% 87.28% 99.85%
Jiangmen 64.38% 86.19% 46.50% 70.90% 95.61% 99.93%
Shenzhen 70.46% 93.96% 65.04% 95.61% 99.96% 99.99%
Zhaoqing 44.42% 66.51% 23.48% 37.28% 74.92% 95.20%
Zhongshan 45.06% 75.00% 35.27% 72.16% 99.73% 99.98%
Zhuhai 83.62% 94.75% 68.43% 91.62% 99.62% 99.99%
Hongkong 99.25% 99.48% 99.34% 99.48% 99.77% 99.49%
Macau 98.31% 98.65% 98.30% 98.65% 99.90% 99.90%
GBA 63.85% 89.63% 55.02% 84.25% 97.42% 99.31%

Dongguan
Foshan
Guangzhou
Huizhou
Jiangmen
Shenzhen
Zhaoqing
Zhongshan
Zhuhai
Hongkong
Macau
GBA

Note: RGS, recreational green space; TRGS, township RGS; CRGS, country RGS; URGS, urban RGS.

This study uses a spatial join analysis to calculate the population that can be covered
per square meter of RGS, and the statistical results are shown in Table 5. Generally speak-
ing, the RGSs in the densely populated cities (Macau, Hong Kong, and Zhongshan) are
more crowded, while those in mountainous cities (Jiangmen and Zhaoging) are deserted.
The PCRS of all of the RGS categories in Macau is high due to its small urban area and
its even population distribution. The PCRS of Zhaoging and Jiangmen is low because
they are located in the western mountainous areas of the GBA with inconvenient trans-
portation links and relatively backward urbanization: the service capacity of most of the
green spaces here cannot be fully utilized as they remain undeveloped.

Table 5. Number of residents covered by RGS service per square meter (PCRS).

TRGS CRGS URGS
High
Medium
22.5815
6.7192 25.6471 67.2327
Low

15-min walking 15-min cycling 30-min walking 30-min cycling 30-min driving 60-min driving

Note: GBA, Guangdong-Hong Kong-Macau Greater Bay Area; RGS, recreational green space; TRGS,
township RGS; CRGS, country RGS; URGS, urban RGS.

3.3. RGS Service Evaluation under Multiple Travel Modes

Based on the residents’ travel behavior (transportation choices), this study conducted
a comprehensive evaluation of the RGS services in the GBA. Overall, there is spatial het-
erogeneity in the RGS services distribution (Figure 9). Overall, there is spatial heteroge-
neity in the RGS services distribution (Figure 9). The TRGS service hotspots are mainly
concentrated along the Pearl River Estuary (Figure 9a), while the CRGS service hotspots
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are relatively scattered (Figure 9b), and the URGS service hotspots are mainly concen-
trated at the junction of Guangzhou and Foshan (Figure 9c). This is due to the small radi-
ation range of the TRGS service, and its service level is generally consistent with the pop-
ulation distribution (Figure 3). In contrast, the URGS service radiation range is wide, and
its service level is mainly affected by the accessibility of the road network.
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Figure 9. RGS service index distribution in the GBA.

Combined with the residents’ recreational selection (RGS selection probability),
Hong Kong (RSERSS = 18.76) and Macau (RSER®S = 160.93) far outperformed the other
nine cities in terms of their RGS service level (Figure 9d). Because these two cities have a
long history of modern urbanization, their green infrastructure is well equipped, and their
populations are concentrated. Zhaoging (RSER®S = 0.05) and Jiangmen (RSERSS = 0.27)
are at the bottom of the ranking for the RGS services. These two cities are located in the
western part of the GBA where the terrain is mostly mountainous. Figure 7 shows that
their three categories of RGS have high per capita ownership, indicating that traffic is the
main reason for the low level of the RGS services in these two cities.
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4. Discussion

An evaluation from the perspective of the residents’ travel modes can optimize the
planning and maintenance of green space in urban areas. Previous research on the acces-
sibility of UGSs has not classified the green space. In this study, green spaces with recre-
ational value were extracted and classified according to the needs of the residents in dif-
ferent travel modes. Combined with the TIC of multiple travel modes, the service capacity
of the RGS was evaluated. This study provides a reference for the refined planning and
management of green spaces in mega-urban agglomeration. The findings complement the
deficiencies of urban planning policies in the following two aspects: (1) The “Evaluation
standard for urban landscaping and greening (GB/T 50563-2010)" classifies the green
space coverage into four grades using the greening rate and the vegetation type [38], ig-
noring the service capacities of different types of green spaces, which cannot truly reflect
the recreational service of the green space. The RGS service coverage analysis based on
the residents’ travel modes can evaluate the recreational service of the green spaces more
realistically, and the results help urban planners to allocate urban green space more ra-
tionally. (2) The “Standard for Maintaining Quality of Greening Space in City and Town
(DB44/T269-2005)" guides green space maintenance by referring to plant growth, climate,
and diseases [39], which do not consider the green space recreational services in different
regions. Combining the residents’ travel modes to evaluate the green space service could
determine the pressure of the green space service in each area. The evaluation results can
guide the greening manager to maintain the green space, accurately.

In general, the allocation of TRGSs in the GBA is negatively correlated to the urbani-
zation development level (Figure 8) due to the negative impact of urban development on
the vegetation [38]. The total coverage of the green space in the GBA accounts for 54.34%,
which exceeds that of the TBA (Tokyo Bay Area) (31.64%) and is similar to the NYBA
(New York Bay Area) (54.54%), but it still lags behind the SFBA (San Francisco Bay Area)
(64.07%) [2,3,40]. It is worth noting that not all green spaces are suitable for recreational
activities, so it is more valuable to count green spaces that are defined by recreational
functions. The total coverage of the recreational green spaces (RGS) in the GBA is 53.46%,
and the per capita ownership is 373.57 m?/p. When different travel patterns and different
choices of RGSs are considered, both the TRGSs and the URGSs can cover more than 50%
population of the GBA, while CRGSs have a relatively low coverage. Although TRGSs are
less developed and smaller in size, their value cannot be ignored. The planners of the
NYBA and the SFBA have considered the types of recreation for different green spaces in
urban planning, in addition to traditional park green spaces, and they have added small
green spaces for short breaks, effectively enhancing the residents’ green enjoyment. Urban
green space planning has also shown a trend of diversification. The NYBA has a wide
range of small parks, including community and pocket parks, to provide citizens with a
variety of recreational services and supplement the greening vacancies in built-up areas
[3]. However, the planners of the SFBA have transformed street parking spaces into mini
green parks, complementing urban parks and effectively enhancing the residents’ green
enjoyment [41]. Although the planners of the TBA has neglected the construction of small
green spaces in the process of urbanization, the local government has planned to develop
the recreational function of agricultural land and open private courtyards to make up for
this shortcoming [2].

Previous studies on green space services have mostly used buffer zones to analyze
the spatial relationship between the residents and the green spaces. For example, Huang
et al. used buffer zones to analyze the relationship between urban green space accessibility
and urban space expansion [16], while Ingrid et al. used this method to measure the im-
pact of the residents” exposure to green space on health [25]. On the one hand, when it is
compared with a buffer analysis, the application of the TIC in this study considers the
traffic factor in the RGS service analysis, which can more objectively reflect the service
situation of the RGS. On the other hand, the combination of the RGS classification and the
travel mode can realistically evaluate the green space services and provide a reference for
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the refined planning of green spaces. For example, TRGSs and CRGSs in the central area
of the GBA have a strong service capacity (covering more residents), so it is necessary to
increase the number of green spaces in the area or moderately limit the number of visiting
residents. There are a large number of undeveloped green spaces in the marginal moun-
tainous areas (their service capacity is low). The development of green spaces in this area
and the construction of road networks can attract residents to play, so to relieve the pres-
sure of green space service in the central area of the GBA.

This paper has some limitations. First, the RGS service is analyzed using spatial data,
and so it ignores the differences in other attributes between different RGSs; for example,
the unique landscape, surrounding facilities, etc. The method to integrate more non-spa-
tial factors, such as scenery, culture, and other factors that attract visitors, into the tradi-
tional RGS service evaluation can be the focus of subsequent studies.

5. Conclusions

RGS service evaluation from the perspective of multiple travel modes can provide
planners with guidance for green space conservation, urban planning, and improving res-
idents” green welfare. This study innovatively integrated the residents’ travel behavior
into the research framework of the UGS, extracted and classified the green spaces with
recreational value (RGS), and analyzed RGS services through the TIC under different
travel modes. Combined with the residents’” travel behavior, a comprehensive evaluation
model of RGS service status was then constructed. According to the results, there are suf-
ficient RGS resources in the GBA (i.e., the total RGS area is large). In terms of distribution,
the TRGSs are mainly distributed in the northeast, northwest, and southwest edges; the
URGSs are mainly concentrated in the mid-western and southern regions; the CRGSs are
mostly concentrated in the center of the GBA. Combined with the TIC, the RGS service
coverage is higher in the developed cities in (Zhongshan, Shenzhen, Hong Kong, and Ma-
cau), but it is weaker in less developed cities (Zhaoging, Jiangmen), which has a strong
correlation with the urban road network and resident distribution density. Combined
with the residents’ travel behavior (transportation choices) and the recreational selection
(RGS selection probability) of multiple travel modes, the comprehensive service level of
the RGS shows a gradually decreasing distribution that is centered on the Pearl River Es-
tuary. The RGS service levels of Hong Kong and Macau far exceed that of the other nine
cities, and their RGSs can efficiently provide services for the residents. Strengthening con-
servation should be the focus of their future RGS management. Jiangmen and Zhaoqing
have the lowest RGS service levels, but they have a large number of RGSs. The construc-
tion of road networks can improve the RGS service level and relieve the pressure on the
RGS services in other cities in the GBA. The findings of this study complement the defi-
ciencies of green space-related policies and provide help for the refined management and
evaluation of RGSs.
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