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Due to the shortage of green space in urban built environments, access to peri-urban parks in the suburbs has
been a focus of planning practices to meet increasing resident demands for recreational visits to natural settings.
However, accurate approaches to evaluating peri-urban park accessibility and monitoring underserved areas are
lacking. In this study, we propose an integrated accessibility index for peri-urban parks that is calculated using an
improved Huff-2SFCA (two-step floating catchment area) model that considers the tradeoffs between quality,
park size, and travel time. We first propose a peri-urban park quality index and then integrate it into an
accessibility assessment. Furthermore, we employ a variable catchment to ensure that the larger and high-quality
parks correspond to higher travel time thresholds. To demonstrate the practicality of the integrated index,
Nanjing, a rapidly urbanizing Chinese city, was selected as a case study. The results demonstrate that (1) the
quality of peri-urban parks is unevenly distributed, with high-quality parks primarily being distributed in
western urban suburbs and occupying a total area of approximately 5665 ha; (2) approximately 92% of com
munities can enjoy peri-urban park services, while high-quality parks are more accessible to residents living in
urban centers; and (3) 220 residential communities are identified as underserved areas, and 142 communities are
identified as potentially underserved areas due to long travel times and the poor quality or small sizes of
accessible parks. The integrated accessibility index can be employed to accurately monitor (potentially) un
derserved areas and assist decision-makers in formulating effective policies and strategies for improving resi
dential access to peri-urban landscapes.

1. Introduction
Green spaces provide a wide range of ecosystem services to cities
(Niemelä et al., 2010) by improving air quality (Xing and Brim
blecombe, 2019), mitigating urban thermal environments (Bowler et al.,
2010), and reducing rates of urban flooding (Liu et al., 2014). Moreover,
they also provide city dwellers with opportunities to interact with na
ture, encouraging outdoor activities and promoting physiological and
psychological health (Hartig et al., 2014; Zhang et al., 2020).
However, rapid urbanization over the past several decades has
dramatically changed how people live and reduced opportunities for
city dwellers to engage with nature and outdoor recreational activities
due to green space shortages and high urban population concentrations
(Bratman et al., 2015; Ekkel and de Vries, 2017). Additionally, many
rapidly urbanizing cities are confronting the challenge of meeting the
increasing demand for exposure to natural environments with limited

spaces for ‘greening’ in urban areas (Zhou and Wang, 2011). Conse
quently, peri-urban landscapes located along the urban–rural fringes of
a city have been targeted for nature-based solutions by planners and
decision-makers to meet increasing resident demands for access to nat
ural environments (Cadieux, 2008; Gu et al., 2020; Palang et al., 2011).
Considerable research has explored paths for the development and
management of peri-urban green spaces by exploring ecological and
recreational functions, visitor preferences and satisfaction, perceived
accessibility, and other factors that affect peri-urban park recreational
uses (Cheung and Fok, 2014; Gong et al., 2015; Gu et al., 2020; Rossi
et al., 2015). Of these factors, accessibility substantially affects recrea
tional visits to peri-urban parks. For example, Žlender and Thompson
(2017) suggested that urban residents prefer access to large, seminatural settings, but they use them irregularly because peri-urban
green spaces are not easily accessible. More importantly, it is widely
acknowledged that accurately evaluating park accessibility and
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targeting underserved areas is critical for park development, planning,
and management (Oh and Jeong, 2007; Zhang et al., 2019b).
However, most published studies have primarily focused on assess
ing city park accessibility in urban built-up areas (Fan et al., 2017).
Moreover, existing accessibility measurement models are specific to city
parks (see Section 2). Peri-urban parks must be distinguished from city
parks because of their significant differences in location, function, rec
reational amenities, and services. Compared to city parks, peri-urban
parks (e.g., country parks) are larger and more attractive, with diverse
landscape and soundscape resources, valuable cultural heritage re
sources, favorable ecological environments, and humanized recreational
spaces for various leisure activities, such as mountain biking, hiking,
barbecuing, camping, and educational activities (Gong et al., 2015).
Furthermore, empirical evidence has indicated that urban resident ac
cess to and recreational use of peri-urban parks are less sensitive to
travel time, which is significantly different from that of city parks (Gu
et al., 2020). For city parks, a proximity of 300–400 m is the reported
distance threshold (without an explicit purpose), above which recrea
tional use declines more rapidly (Annerstedt et al., 2012; Schipperijn
et al., 2010). However, access to green spaces over longer distances may
occur because of the uniqueness of the type and quality of recreational
opportunities offered (Ekkel and de Vries, 2017). Urban residents are
expected to travel farther for more desirable destinations with sufficient
recreational facilities and amenities that are not available in closer parks
(Dony et al., 2015; McCormack et al., 2010). Hence, for peri-urban
parks, which are nature-based attractions located on the outskirts of
cities, their attractiveness encourages visitors to overcome greater time
barriers. Peri-urban park environments, infrastructure, unique land
scapes, safety, and recreational amenities therefore significantly influ
ence their accessibility and recreational use. In addition, competition
among heterogeneous peri-urban parks also affects their accessibility
due to differences in park quality; people tend to access high-quality
parks within an acceptable time threshold. Therefore, an integrated
accessibility index is necessary to link an attractiveness index to a periurban park accessibility assessment to obtain more accurate and reliable
results. To the best of our knowledge, few studies have integrated
quality features into peri-urban park accessibility evaluations and
considered the competitive effects of heterogeneous parks.
The objective of this study is to propose an integrated accessibility
index that integrates various peri-urban park quality features into an
accessibility assessment to monitor the underserved areas of peri-urban
parks more accurately. To achieve this objective, this study first pro
poses a peri-urban park quality index (PPQI) that measures park quality
by aggregating variables that affect park recreational visits, such as park
infrastructure, physical activity facilities, recreational amenities, and
safety. Then, we integrate the PPQI into an accessibility assessment with
an improved Huff-2SFCA model. Additionally, Nanjing, a rapidly ur
banizing Chinese city, was selected as a case study to 1) assess periurban park attractiveness with objective and repeatable variables, and
2) calculate the integrated accessibility index of the peri-urban park to
identify underserved communities. By linking the PPQI to an accessi
bility assessment, we hypothesized that the integrated indicator can not
only monitor the underserved areas of peri-urban parks but also identify
areas where people are less likely to access peri-urban parks due to poor
park quality, longer travel time, and/or small sizes (i.e., potentially
underserved areas).

condition, and quality, while the latter is based on the perceptions and
preferences of respondents. Here, we primarily consider the objective
characteristics of park attributes that affect attractiveness.
Numerous published studies have evaluated green space attractive
ness and using many objective and quantitative indicators of park at
tributes, including park infrastructure, amenities, facilities, safety, and
visual and aesthetic factors (Ahn et al., 2020; Engelberg et al., 2016;
Giles-Corti et al., 2005; Ries et al., 2009; Rigolon, 2016; Sreetheran and
Van Den Bosch, 2014). For example, Van Herzele and Wiedemann
(2003) evaluated the attractiveness of green spaces based on park at
tributes related to spaciousness, natural environments, culture and his
tory, quietness, and facilities. Rigolon and Németh (2018) explored park
attractiveness to youth based on five distinct themes: structured play
diversity, nature, park size, maintenance, and safety. A recently devel
oped systematic framework for monitoring the attractiveness of urban
parks, proposed by Biernacka et al. (2020), measures park attractiveness
based on eight factors: park infrastructure, leisure equipment, water,
crowdedness, noise, air pollution, active space, and park area.
For peri-urban parks, limited empirical research suggests that park
size, natural landscapes, and park environments heavily influence
visiting (Chan et al., 2018; Gu et al., 2020). However, few studies have
specifically integrated repeatable and objective factors or systematically
conducted peri-urban park attractiveness evaluations. To address this
gap, we propose the PPQI to evaluate park attractiveness based on
specific characteristics.
2.2. Modeling park accessibility
Park accessibility modeling is influenced by several parameters that
can be classified into three categories: supply, demand, and their con
nections (Xing et al., 2020; Zhang et al., 2019b). Supply refers to park
service capacity (e.g., park acreage), demand predominately refers to
population size and demographic characteristics (e.g., age and gender),
and their connections primarily refer to distance, physical road condi
tions, and transport modes (Giles-Corti et al., 2005; Rigolon, 2016;
Wolch et al., 2014).
According to the classification proposed by Talen (2003), park
accessibility measures primarily include ‘container,’ ‘coverage,’ ‘mini
mum distance,’ ‘travel cost,’ and ‘gravity.’ The ‘container’ measurement
captures whether parks are located within a specific geographical unit.
The presence of specific administrative boundaries significantly limits
this binary method, as residents are typically able to access parks in
adjacent units. Instead of examining restricted geographic units,
‘coverage’ methods, which typically include buffer analysis (Nicholls
and Shafer, 2001), network analysis (Comber et al., 2008), kernel den
sity estimation (Moore et al., 2008), and Thiessen polygons (Sister et al.,
2010), evaluate park services within a specific area. However, these
methods can be arbitrary due to difficulties in predefining an appro
priate distance threshold. The ‘minimum distance’ or ‘travel cost’ model
considers variables that extend beyond boundaries and predefined dis
tances. While these models calculate the shortest origin-to-destination
(OD) distance to evaluate spatial accessibility, they only consider sup
ply/demand or connections. Evaluating accessibility should consider not
only the OD distance but also the attractiveness of the destination
(supply) and conditions of the origin (demand). Hence, the 2SFCA
model, which employs the principles of gravity-based models, is
considered as one of the most suitable and effective models because it
incorporates supply, demand, and distance into its accessibility assess
ment (Dai, 2011; Dony et al., 2015; Wei, 2017; Xing et al., 2020).
Furthermore, scholars have proposed several improved 2SFCA
models to address its limitations in assessing park accessibility,
including distance-decay problems (Dai, 2011), fixed catchment prob
lems (Dony et al., 2015; Guo et al., 2019), incomprehensive supply
parameters (Zhang et al., 2019b), and multiple travel patterns (Xing
et al., 2018). These improvements have enhanced the reliability and
flexibility of the 2SFCA model park accessibility evaluation. However,

2. Literature review
2.1. Park attractiveness
Park attractiveness is defined based on varying features and attri
butes that delineate the quality of greenspaces or attractive factors that
increase park use. It can be evaluated based on either objective char
acteristics of park features or subjective levels of excellence (Fongar
et al., 2019). The former refers to the park physical composition,
2
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they only focus on the unilateral enhancement of supply or demand; few
studies have considered the simultaneous improvement of supply and
demand (Xing et al., 2020) or explored the impacts of the competitive
effects of heterogeneous parks (and of peri-urban parks in particular) on
the demand of urban residents. Park attractiveness (supply) significantly
influences park use (demand), as city dwellers are more likely to access
parks with sufficient facilities and abundant natural environments
(Rigolon, 2017). Therefore, an integrated accessibility indicator should
be proposed to evaluate peri-urban park accessibility while considering
the simultaneous improvement of supply, demand, and fixed catchment.

Table 1
Variables and their measurement by the PPQI.
Categories

Variables

Score

Park
infrastructure

Green coverage rate

0: green coverage rate is less than
70% a
1: green coverage rate is greater
than 70%
0: trail density is not at the optimal
interval value b
1: trail density is at the optimal
interval value
0: no night lighting
1: organized night lighting system
0: no signage system
1: organized signage system
0: the number of parking lots does
not meet local standards c
1: the number of parking lots meets
local standards

Park trail density

Lighting

3. Methodology

Signage system

3.1. Peri-urban park quality index

Parking lots

Peri-urban parks are large parks with abundant landscape resources,
valuable cultural heritage resources, quality ecological environments,
and humanized spaces for various physical and recreational activities.
Park infrastructure is the most basic indicator that reflects the quality
and attractiveness of peri-urban parks, including tree canopy coverage,
trail density, signage systems, lighting, and parking lot accessibility
(Biernacka et al., 2020). Amenities and facilities are other crucial at
tributes of peri-urban parks that affect recreational visits. According to
Engelberg et al. (2016), facilities refer to areas designated for physical
activities, including fields, courts, hiking trails, and boating areas. In
contrast, amenities are not necessarily related to physical activities and
primarily refer to recreational and leisure spaces such as restrooms,
picnic sites, and concession stands. An empirical study by Gong et al.
(2015) suggested that visitors are more satisfied with peri-urban parks
that are equipped with covered leisure facilities, concession stands,
sufficient sports fields, adult fitness facilities, and child entertainment
facilities. Furthermore, the presence of natural scenery in peri-urban
parks such as mountain/water landscapes provides visitors with visu
ally stimulating recreational visits. Additionally, the presence of artifi
cial attributes such as statues or historical sites improves peri-urban park
attractiveness (Ahn et al., 2020; Francis et al., 2012). Finally, park safety
significantly influences visitation rates (Rigolon and Németh, 2018). A
safe and well-monitored peri-urban park is of superior quality and en
courages visitors to engage with nature.
According to the abovementioned attractiveness features of periurban parks, we quantified the PPQI based on 23 variables grouped
under five key themes: park infrastructure, physical activity facilities,
recreational amenities, visual and aesthetic factors, and park safety
(Table 1). We assume that these variables all have the same weight; thus,
the total possible score for the PPQI is 30 points, including 5 points for
infrastructure, 9 points for physical activity facilities, 7 points for rec
reational amenities and aesthetic factors, and 2 points for park safety.

Physical activity
facilities

Playgrounds
Sport/fitness facilities

Climbing/rock
climbing/hiking
amenities
Mountain biking trails
Water sports and
activities
Children’s
entertainment facilities

Recreational
amenities

Catering/restaurants/
concession stands
Restrooms
Picnic/barbeque sites
Campsites
Visitor centers

Visual and
aesthetic
factors

Water landscapes

3.2. Integrated accessibility index of peri-urban park
3.2.1. Conventional 2SFCA model
The 2SFCA method, first proposed by Radke and Mu (2000) and then
improved upon by Luo and Wang (2003), employs the catchment area
for both population and healthcare service locations. Further, a
Gaussian-based 2SFCA model was first proposed by Dai (2011) to
modify distance-decay problems in park accessibility evaluations, and it
has since been widely employed by many researchers (Wu et al., 2019;
Zhang et al., 2019a).
The model was implemented using a two-step procedure (Luo and
Wang, 2003). First, the overall demand location i was determined within
the threshold travel time t0 for each park j. Then, populations at location
k were weighted using a Gaussian function (G) and summarized to
compute the service-to-population ratio Rj:

Grassy open areas
Forest landscapes
Mountain landscapes
Cultural/historical sites

Park safety

Security guards
Closed-circuit
surveillance

3

0: no playgrounds
1: one playground
2: two or more playgrounds
0: no sports fields and courts
1: one sports field or court
2: two or more sports fields or
courts
0: no climbing amenities
1: climbing amenities are included
0: no mountain biking trails
1: mountain biking trails are
available
0: no water activity
1: one water activity
2: two or more water activities (e.
g., drafting, boating, and fishing)
0: no children’s entertainment
facilities
1: children’s entertainment
facilities are available
0:
1:
2:
0:
1:
0:
1:
2:
0:
1:
0:
1:

no catering amenities
one catering amenity
two or more catering amenities
no restrooms
free restrooms available
no picnic sites
one picnic site
two or more picnic sites
no campsites
campsites available
no visitor centers
visitor centers are included

0: no water features as visual
landscapes
1: one water feature as a visual
landscape
2: two or more water features as
visual landscapes (e.g., lakes and
waterfalls)
0: no grassy open areas
1: grassy open areas are available
0: no forest landscapes
1: forest landscapes are available
0: no mountain landscapes
1: mountains as visual landscapes
are included
0: no cultural/historical sites
1: one cultural/historical site
2: two or more cultural/historical
sites
0: no security guards
1: security guards are available
0: no closed-circuit surveillance
1: closed-circuit surveillance is
included
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insights (i.e., combining size and quality indexes) are necessary for
improving peri-urban parks. As these parks are nature-based attractions,
visitors are often attracted to them for specific reasons such as their
beautiful scenery or climbing, fishing, barbecue, or camping amenities.
Therefore, following these frameworks, we integrated park size into the
PPQI to comprehensively delineate the supply capacity of peri-urban
parks. We first calculated the relative quality index, which is the ratio
of each park PPQI score to the maximum score. Then, a comprehensive
supply coefficient S’j can be obtained from park areas weighted based on

Note: a: The green coverage rate is often regarded as the baseline for assessing
park quality, and it may differ in different countries. For example, peri-urban
parks are always larger than 10 ha in China, for which the green coverage
rate should be at least 70% according to the Code for the Design of Public Parks
(CDPP) (GB51192-2016). b: Trail density represents the ratio of a park trail
length to a park area. A trail density value of the optimal interval could denote a
more walkable environment, which is positively associated with quality and
attractiveness. For example, the optimal interval in China ranges from 150 m/ha
to 380 m/ha according to the CDPP. c: The number of parking lots may differ
widely across different regions. For example, four parking spaces per hectare are
required under local parking standards applied in Nanjing, China.

SjA
k∈{tkj ⩽d0 } G(tkj, t0 )Pk

Rj = ∑

the relative quality index (Xing et al., 2020). The formula is as follows:
Sj’ = SjA

(1)

PPQI j
Max(PPQI)

(4)

where S’j is the comprehensive supply coefficient that integrates the

where Pk is the population at location k with its centroid in the catch
ment (i.e., tkj ≤ t0) from park location j; tkj is the travel time from pop
ulation location k to park location j, Sj is the capacity of the park at j and
primarily includes park areas; and G is the friction of distance as follows
(Dai, 2011).
⎧ ( ) ( )2
( )
⎪
1
tkj
1
⎪
−
⎪ e−
*
−
e
⎪
⎪
2
2
d0
⎪
⎨
()
(
)
, if tkj ⩽t0
G tkj, t0 =
(2)
1
−
⎪
2
⎪
⎪
⎪
1− e
⎪
⎪
⎩
0,
if tkj > t0

quantity and quality indices, SAj is the traditional supply coefficient,
referred to here as park acreage; Max(PPQI) is the maximum PPQI score;
and the maximum value (i.e., total score) is 30.

3.2.4. Fixed catchment improvements
As previously mentioned, urban resident access to and recreational
use of peri-urban parks is less sensitive to travel time. Urban residents
are willing to travel further for more desirable parks (i.e., high-quality
parks). Therefore, variable catchment parameters (t ’0 ) are applied to
replace the fixed catchment parameters (t0 )in the conventional 2SFCA
model (Dony et al., 2015). The variable catchment is predefined in terms
of peri-urban park attractiveness. In addition, visitors typically drive to
peri-urban parks that are located in suburbs (Gu et al., 2017). Therefore,
we focus on driving modes and set the interval values as 15 min, 30 min,
45 min, and 60 min. The formula is as follows:

Next, the park locations within t0 were searched for each demand
population i, and the supply-to-demand ratio Rj was summed to calcu
late the spatial accessibility Ai at demand location i:
∑
(
)
Ai =
G tij , t0 Rl
(3)
l∈{tij ⩽t0 }
where l represents all parks within the catchment t0 . Accessibility score
Ai denotes the park service area per capita.

′

⎧
⎪
⎪
⎪
⎪
15
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
30
⎪
⎪
⎪
⎪
⎨

min, if PPQI j < 0.3;
min, if 0.3⩽ PPQI j < 0.5;

t0 = ⎪ 45 min, if 0.5⩽ PPQI j < 0.7;

3.2.2. Improved H-2SFCA model
The improved H-2SFCA model was modified from the conventional
2SFCA model and enhanced for both the supply and demand aspects to
be applied to peri-urban park accessibility assessments. For the supply
aspects, supply capacity Sj was first enhanced by combining it with the
PPQI, as supply is crucial for attracting residents and promoting recre
ational park use. In addition, the fixed threshold d0 was modified by
using various cutoff values to represent variable catchment sizes based
on the improved supply capacity parameter. The demand coefficient Pk
employs the Huff model to consider the probability of people selecting a
particular park to avoid overestimating demand. The concrete im
provements made to the peri-urban park accessibility assessment are
described in the following sections.

⎪
⎪
⎪
⎪
⎪
60 min, if 0.7⩽ PPQI j
⎪
⎪
⎪
⎪
⎪
⎪
⎪ M
⎪
⎪
t if PPQI j ⩾0.9.
⎪
⎩ 0

(5)

< 0.9;

wheret0M is the maximum travel time acceptable to residents (here we set
it to 120 min), and PPQIj is the normalized attractiveness index coeffi
cient of peri-urban park j, where all values are redistributed between
0 and 1, as shown in Eq. (6).
PPQI j =

PPQI j − Min(PPQI j )
Max(PPQI j ) − Min(PPQI j )

3.2.5. Demand improvements
The conventional 2SFCA model ignores competition between het
erogeneous public service facilities. It considers all populations within
the threshold range when determining population demand, which can
lead to site overestimations. To address this issue, Luo (2014) applied
the Huff model to the FCA method to examine the population selection
of healthcare site services, which has been suggested to be more effec
tive and reliable than the conventional 2SFCA model in analyzing spatial
access to healthcare services. In this integrated model, the population
demand for healthcare services is weighted by the Huff model-based
selection probability, which considers the effects of both distance (i.e.,
travel time) impedance and supply capacity. As with healthcare facil
ities, competitive effects (i.e., selection probability) are also found for
various urban park supplies. It is widely acknowledged that the quality
of urban parks significantly influences their selection probabilities by
urban residents because they may be more likely to access larger parks

3.2.3. Supply improvements
Most studies have used park size as the only parameter to evaluate
park supply capacity in the conventional 2SFCA model (Dai, 2011; Lee
and Hong, 2013; Li et al., 2019; Wei, 2017). Park size is critical because
a large city-level park may provide more environmental services
compared to that of a smaller neighborhood park (Boone et al., 2009).
Nevertheless, a park with considerable acreage does not correspond to
increased attraction or service capacity. For example, if a large park
contains fewer recreational amenities, physical activity facilities, and
insufficient tree canopy coverage, it will be less likely to attract visitors.
Therefore, several scholars have attempted to enhance the Sj parameter.
Dony et al. (2015) provided insights into how to improve the evaluation
of park service capacity based on park size and nine amenities repre
senting park quality. Similarly, Xing et al. (2020) considered eight youth
preferences for park quality (e.g., number of playgrounds) and park size
to determine the heterogeneous supply of parks for youth usage. These
4
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with sufficient recreational amenities. Therefore, we enhanced the
calculation of population demand by integrating the Huff model into the
conventional 2SFCA model (H-2SFCA), which calculates the population
selection probability while considering both the travel costs and supply
capacities of peri-urban parks.
The Huff model is widely accepted for quantifying the probability of
site selection from multiple available sites. It evaluates visitor selections
of destination sites based on two crucial factors: (1) the distance to the
destination and (2) the supply capacity of the available site. The Huff
model (Huff, 1963, 1964) is as follows:
Sj’ tij− β
Probi = ∑n
’ − β
j=1 Sj t ij

roads, and branches), road junctions, and traffic signal positions.
For our population database, we estimated the community-level
population based on high-resolution remotely sensed imagery because
national population census surveys are only conducted at the district
and subdistrict levels in China. We first applied the shadow-length
method to estimate the number of building floors using building
height (Liasis and Stavrou, 2016) and then calculated the total living
area. According to the Statistical Yearbook of Nanjing 2018 report, the
2018 per capita living areas in urban and rural areas were 36.7 m2 and
56.9 m2, respectively. Hence, the population of each residential building
in the community can be estimated by dividing the total living area by
the per capita living area. We found the estimates to be valid and
consistent after determining the community population and comparing
the obtained figure to official data at the subdistrict level.

(7)

where Probi is the probability of residents from demand location i
visiting peri-urban park j; tij is the travel time between i and j; and β is the
distance impedance coefficient, which typically ranges from 1.5 to 2
(here, we set it to 2) according to previous studies (Luo, 2014; Talen and
Anselin, 1998).
After combining the PPQI and supply capacity and weighting the
Huff model-based selection probability to obtain the population de
mand, the improved H-2SFCA model can be revised as Eq. (8).
′

Ai =

∑

5. Results
5.1. Peri-urban park attractiveness
A total of 27 peri-urban parks were evaluated for PPQI attractiveness
with an average value of 17 points, a standard deviation of 5.456, and a
range of 9–28 points. The quality of peri-urban parks in Nanjing varies
widely, with a minimum score of only 9 points and a maximum score of
28 points (out of 30 points). In addition, high-quality peri-urban parks
are rare, with only eight parks with more than 20 points, accounting for
29.6% of all peri-urban parks (Appendix A).
Fig. 2B displays the spatial distribution of the PPQI. The quality of
the peri-urban parks is unevenly distributed. Specifically, low-quality
peri-urban parks are primarily distributed along the eastern fringes of
the urban built-up area. Most of these parks are small and exhibit a PPQI
value of less than 16. While the park infrastructure is complete, and
these parks can provide certain physical activity facilities, a lack of
recreational amenities and the absence of visual and aesthetic scores
render these parks less attractive to city dwellers. In contrast, peri-urban
parks with high PPQI values are predominately distributed in the
western areas of the suburbs. Of the four high-quality peri-urban parks
with a PPQI value greater than 24 (out of 30), three are located in the
urban western suburbs, occupying a total area of approximately 5665 ha
and accounting for 27% of all the peri-urban parks areas. These periurban parks are rich in natural resources with picturesque landscapes
(e.g., mountain and water landscapes), and they include wellmaintained humanized spaces for physical activity facilities and recre
ational amenities. When comparing park size and quality, we found that
a larger park area does not necessarily equate to higher park quality
(Fig. 2A), which is consistent with our previous assumptions. For
example, Wuxiang Mountain Park, located in southern Nanjing, has the
largest park area, but its PPQI value is only 21 points, ranking seventh
(Appendix A). While this park is large, a lack of effective activity spaces
and entertainment facilities lowers its park quality score.

′

(
Sj
′ )
Probi G tij , t0 ∑
′
′ Probi Pk G(tij, t )
′
0
k∈
t
⩽t
{ ij 0 }
l∈{tij ⩽t0 }

(8)

where Ai can be regarded as an integrated accessibility indicator to
monitor the underserved areas of peri-urban parks. This integrated
accessibility index considers not only distance impedance (i.e., travel
time) but also park size and quality.
′

4. Case study
4.1. Study area
Nanjing (31◦ 14′ –32◦ 37′ N, 118◦ 22‘–119◦ 14′ E), the capital of Jiangsu
Province, is one of the most important cities in the Yangtze River Delta
metropolitan region of China. It is located in the central region of the
lower reaches of the Yangtze River. Nanjing covers approximately 6587
km2, of which the built-up area covers approximately 972 km2. Similar
to other Chinese megacities (e.g., Shanghai and Beijing), Nanjing is
rapidly urbanizing, with an urbanization rate of 82.5% in 2018. The
total population of Nanjing is approximately 8.35 million, with
approximately 6.60 million people living in urban areas. While the
quantity and quality of urban parks in Nanjing have increased over the
past decade, they still do not meet urban resident demands due to a
rapidly increasing population. The city per capita public green area was
13.7 m2 in 2018, which is far below that of cities in developed western
countries (Fuller and Gaston, 2009).

5.2. Peri-urban park accessibility

4.2. Data resources and preprocessing

Fig. 3 displays the peri-urban park accessibility results for each
community under various catchment (i.e., travel time threshold) sce
narios. We found that a large population cannot access peri-urban parks
when the standardized park quality index is less than 0.3, and a total of
2288 residential communities present a zero accessibility score
(Table 2). These differences in peri-urban park accessibility values are
also the largest (standard deviation of 3.188). Several communities with
high accessibility values appear in the southwestern and eastern areas of
the city. While peri-urban parks are small and low-quality in these re
gions, residential communities in this area enjoy high park accessibility
due to the extremely small population (i.e., lower demand) within the
service scope (Fig. 3A). For high-quality peri-urban parks, residents of
urban centers have more access to these parks than those of rural areas
and people living in southern and northern Nanjing (Fig. 3E). These

The locations and sizes of peri-urban parks were retrieved from
Green Space System Planning of Nanjing City (2010–2020) and Planning
of Nanjing City Parks (2017–2035) data. Then, we vectorized these data
using ArcGIS 10. 5 (Fig. 1A). Peri-urban parks, in the context of this case,
refer to (larger) parks located in the suburbs, primarily including
country parks, forest parks, wetland parks, and other peri-urban natural
settings. The number and types of amenities and facilities (i.e., features)
available in peri-urban parks for our quality index were obtained from
park administrative offices and on-site investigations. In addition, we
obtained and vectorized a transportation database (i.e., road network
database) from BIGEMAP, a high-definition map downloader with a
pixel accuracy of 0.25 m that is updated every 3–6 months in China and
measures road network levels (e.g., highways, major roads, secondary
5
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Fig. 1. Study area. (A) Locations of peri-urban parks. (B) Spatial distribution of community populations.

Fig. 2. (A) Peri-urban parks ranked by park size. (B) Peri-urban parks ranked by PPQI score.
6
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Fig. 3. Maps of peri-urban park accessibility for various driving time thresholds. Note: We use the inverse distance weighted spatial interpolation method to visualize
the distribution.

Table 2
Statistical description of peri-urban park accessibility value under variable catchments
Catchment (min)

Mean

Standard deviation

Min

Max

Underserved communities

Potentially underserved communities

15
30
45
60
120
Variable catchments

0.151
0.276
0.729
0.360
0.440
1.956

3.188
1.942
1.860
0.336
0.214
4.094

0.000
0.000
0.000
0.000
0.000
0.000

129.880
35.633
12.860
1.442
0.633
130.030

2288
1160
938
831
220
220

388
1142
375
102
147
114

Note: The underserved community has an accessibility value of 0, while the potentially underserved community has a value of greater than 0 and less than or equal to
0.1. The catchment is the threshold of the (car) travel time. For example, when the threshold of travel time is 15 min, there are 2288 communities with an accessibility
value of 0, and 388 communities have an accessibility value between 0 and 0.1.
7
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high-quality parks are primarily located in the surrounding suburbs, and
well-developed highways and expressways allow urban dwellers to
easily drive to them. In contrast, residents of rural areas cannot reach
these parks within 2 h due to the undeveloped transportation networks
in the countryside.
Approximately 92% of communities can access peri-urban parks
within the maximum acceptable travel time. Only a small number of
rural areas (i.e., in the northern and southern parts of the city) lack periurban park services (Fig. 3F). For underserved communities (i.e.,
accessibility value is 0), only 220 communities cannot enjoy peri-urban
park services, accounting for 7.8% of the studied communities. In
addition, a small number of communities (n = 142) were labeled as
potentially underserved areas of peri-urban parks (i.e., accessibility
value is between 0 and 0.1).

Second, it employs a variable catchment threshold (i.e., acceptable
travel time threshold) to ensure that larger and higher-quality parks
correspond to a higher travel time threshold. Third, it incorporates
competitive effects to demand parameters to avoid overestimating vis
itors to peri-urban parks. These enhancements ensure that the integrated
accessibility indicator can more accurately evaluate accessibility and
thus identify the (potentially) underserved areas of peri-urban parks.
Note that while we primarily focus on peri-urban parks, this improved
model can be easily employed to assess the spatial accessibility of other
environmental amenities and public facilities that involve a trade-off
between size, quality, and travel time factors.
6.2. Implications for policy and urban planning
Our empirical research has important policy implications for periurban park planning, protection, and management. First, we propose
the PPQI, which represents the relative quality of peri-urban parks based
on park infrastructure, physical activity facilities, recreational ame
nities, visual and aesthetic factors, and park safety. Thus, urban planners
and policymakers can identify low-quality peri-urban parks in a city and
determine how to improve park quality using the evaluation framework.
Second, the integrated park accessibility index can accurately
monitor vulnerable groups that lack contact with nature. Residents of
underserved communities, particularly individuals located in the sub
urbs and rural areas, are the most vulnerable groups regarding obtaining
ecosystem services afforded by public parks, as they cannot easily enjoy
city park services or access peri-urban parks within an acceptable travel
time. Residents of potentially underserved communities are ‘invisible’
vulnerable groups of peri-urban parks. While residents of these com
munities can visit a peri-urban park within an acceptable catchment,
they are less likely to visit them, which is likely due to travel time
barriers, small park sizes, or poor park quality.
For underserved communities, peri-urban parks should be built
within the acceptable time threshold to improve park services. For
potentially underserved communities, urban planners should consider
optimizing transportation plans (e.g., greenways) to improve the effi
ciency and attractiveness of travel routes, improve park quality, and
expand the range of recreational amenities available to increase recre
ational peri-urban park use. These improvements are especially impor
tant in rapidly developing countries, as they are facing greater demand
from residents for environmental amenities and a shortage of space for
greening in urban built-up areas due to ongoing urbanization.
Improving peri-urban park accessibility and recreational use can help
meet the increasing demands of urban residents for natural
nvironments.

6. Discussion
6.1. Contributions to the development of peri-urban park accessibility
index
Peri-urban parks located in the urban periphery provide city dwellers
with large natural or semi-natural environments. In line with previous
studies (Cadieux, 2008; Gu et al., 2020; Palang et al., 2011), we
emphasized the importance of access to peri-urban landscapes in satis
fying increased resident demands for access to high-quality, larger nat
ural settings that are often unavailable in urban built-up areas.
Furthermore, we proposed an integrated accessibility indicator that in
tegrates quality features into an accessibility model to accurately eval
uate peri-urban park services. Consistent with our hypothesis, this
indicator not only successfully identified 220 underserved communities
of peri-urban parks but also 142 potentially underserved communities,
which was likely due to longer travel times between origins and desti
nations, inferior park quality, or small park sizes.
The integrated indicator calculated by the improved H-2SFCA model
significantly contributes to the development of the park accessibility
index, as it considers a combination of factors, including travel time,
size, and quality, that substantially affect public park access and recre
ational (Rigolon, 2017; Žlender and Thompson, 2017). Travel time (i.e.,
proximity) is one of the crucial barriers for park access and recreational
use (Coombes et al., 2010; Rossi et al., 2015). For example, Žlender and
Thompson (2017) suggested that lack of proximity to peri-urban land
scapes is a major barrier to access and frequent use; their investigations
document that many respondents would not consider regularly visiting
peri-urban green spaces farther than 5 km from their homes. However,
alternative perspectives argue that travel time is not particularly
important. A recent questionnaire-based study by Gu et al. (2020) found
that travel time exerted a limited impact on resident use of peri-urban
parks. According to their investigation, most interviewees accepted an
over 60-min travel time as normal for accessing peri-urban parks in the
suburbs. Such differences in results may be attributable to a lack of
consideration of compensation effects of size and quality factors. Resi
dents of megacities are expected to access peri-urban parks due to a lack
of larger high-quality natural environments in built-up areas (Chen and
Jim, 2012). Moreover, as previously noted, city dwellers are willing to
spend more time traveling to a high-quality destination rich in landscape
resources and recreational amenities. Therefore, there appears to be a
tradeoff between peri-urban park size, quality, and proximity when
determining whether and where people will access natural recreation.
The improved H-2SFCA model considers not only the travel time
between the origin and destination but also the park size and quality.
Compared with previous accessibility indicators (e.g., Dai, 2011; Gu
et al., 2017; Wei, 2017), this framework offers three specific improve
ments to the widely employed accessibility model (i.e., 2SFCA). First, it
integrates a comprehensive quality index to enhance the supply pa
rameters, including park infrastructure, physical activity facilities, rec
reational amenities, visual and aesthetic factors, and park safety.

6.3. Limitations and future studies
The limitations of this study must be acknowledged. First, the
ecological indicators of peri-urban parks were excluded when evaluating
park quality. As peri-urban parks constitute a critical part of the urban
ecosystem, ecological benefits such as maintaining urban ecological
safety, protecting cultivated land, and preventing urban sprawl are also
crucial park attributes. Second, this study assumed that all qualityrelated variables have the same weight and aggregated them for a
final quality score, which may be considered arbitrary in determining
the PPQI value. To obtain a more reliable park quality value, future
studies can assign different weights to these variables based on their
relative importance, which can be determined using experts and
scholars from multiple disciplines, including urban planning, landscape
architecture, tourism, ecology, geography, and sociology. Alternatively,
future studies can evaluate peri-urban park accessibility for specific
groups. For example, when exploring the accessibility of peri-urban
parks to young people, we can select preferable factors from our list of
PPQI variables, such as picnic and barbecue sites, mountain biking trails,
rock climbing, and hiking amenities, as these variables are more in line
8
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with younger generation preferences. Third, we explored peri-urban
park accessibility based on road access, as residents predominately
travel to peri-urban parks by car in the case study area. However, this
assumes that all the studied residents have a car. We also did not
consider traffic congestion when calculating travel time, which may
overestimate park accessibility. Thus, actual travel patterns and expe
riences must be optimized in future studies. Fourth, we primarily
considered spatial factors (e.g., size, quality, and proximity) that affect
peri-urban park access and recreational use, while certain non-spatial
factors (e.g., entrance fees) also heavily affect recreational visits.
Future studies should integrate critical non-spatial factors to further
modify the improved H-2SFCA model.
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7. Conclusion
Access to peri-urban parks in urban contexts is increasingly crucial to
resident quality of life. This raises the question of to what extent periurban parks are accessible to residential communities. However, previ
ous studies have primarily focused on evaluating city park accessibility
within urban built-up areas, and existing accessibility indicators and
measurement models are more suited for city parks. Accordingly, in this
study, we proposed an integrated accessibility indicator calculated using
an improved H-2SFCA model. This indicator considers not only the
distance (i.e., proximity) factor but also park size and quality (i.e.,
attractiveness), which also greatly affects peri-urban park accessibility.
Therefore, this model can be used to more effectively assess peri-urban
park accessibility and to more accurately monitor (potentially) under
served areas for planning and policy development, which is critical for
meeting increasing city dweller demand for exposure to high-quality
natural attractions.
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