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Abstract: With the global population aging, balancing urban development with the social lives of
the elderly and disabled has become an important issue. Network analysis was employed as the
primary research method, utilizing tools such as Network Analysis on the ArcGIS platform and
Python. To enhance the applicability of the analytical model in population demand and travel
characteristic studies, a dataset was established based on the behavioral characteristics of elderly
and disabled individuals. Resistance values and evaluation indicators were selected for this purpose.
We summarized the travel preferences of the elderly and disabled and proposed corresponding
accessibility optimization strategies. Through the analysis of the experimental results, we believe
that setting the optimization goal as a 10-min walk for the elderly and a 500-m walk for the disabled
to access parks and green spaces is reasonable. Additionally, the service area ratio and service
population ratio should exceed 90% to ensure equitable access to the ecological services of urban
parks for the elderly and disabled population. We also found that connecting and extending linear
green spaces are of significant importance in improving green space accessibility, because linear green
spaces have more entrances and exits than dot green spaces and area green spaces.

Keywords: urban park; green space; accessibility; network analysis; the elderly; the disabled;
travel characteristics

1. Introduction

Influenced by factors such as family planning policies and the improvement of medical
care, the age structure of China’s population is embarking on the fast track of aging. As
of the seventh population census in 2020, elderly people over the age of 60 accounted for
18.7% of the total population, and China’s population will reach its highest level of aging
in the next 20 years. At the same time, the disability rate is also rising in tandem with the
aging level, and both the 14th Five-Year Plan and the Vision 2035 Outline make it clear
that the basic rights and interests of the disabled should be protected. Thus, the issue of
guaranteeing the quality of life of China’s disadvantaged groups is becoming a focus of
social concern.

According to related research, it has been established that the elderly often seek refuge in
park green spaces as an ideal setting for physical and mental recovery and rehabilitation [1].
Unfortunately, due to various negative factors such as societal concepts, levels of facility
services, and self-awareness, individuals with disabilities rarely frequent these health-
promoting park green spaces. Numerous scholars have conducted comprehensive studies
on aspects like spatial layout, materials and facilities, aging design, and barrier-free and
inclusive design of park green spaces. However, for the elderly and disabled individuals,
convenient, prompt, and safe access to these parks is a prerequisite to fully enjoying the
ecological services they offer. Thus, the accessibility of park green spaces holds even greater
significance for these individuals compared to others.

Research on the accessibility of park green spaces has been an important topic since
the 1950s. The concept of accessibility was first proposed by Hansen in 1959 [2], who used
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it to describe the size of interaction opportunities between nodes in the transportation
network. Researchers have primarily focused on the influence of natural geographic factors
on accessibility. Spatial distribution, size, distance and park quality are considered key
parameters in the study of urban park accessibility. In addition to natural geographic
factors, many studies have also examined the impact of social, cultural, and individual
factors on urban park accessibility. For example, one study found that improving social
exclusivity for women had a positive impact on their access to public transportation in
Pakistan [3], indicating the importance of social factors in park accessibility. Another
study found that low-income communities face greater challenges in park accessibility [4].
Although economic, social, and geographic factors have been the primary focus of scholars
investigating accessibility [5], it is crucial to consider a broader range of factors to gain a
comprehensive understanding of urban park accessibility. By incorporating both spatial
and psychological factors, researchers can better assess the complex dynamics that influence
park accessibility [6].

Due to the regional nature of factors influencing accessibility, studies often focus on
specific areas and propose corresponding optimization recommendations. In terms of
research methods, statistical analysis, buffer zone analysis, network analysis, minimum
distance analysis, gravity potential analysis, cost-resistance analysis, and two-step floating
catchment area methods have become relatively mature [7–14]. For instance, a study
conducted in Helsinki calculated the travel time required to reach local green spaces and
forests using different modes of transportation, and based on the results, proposed measures
to optimize the accessibility of recreational green spaces [15]. Another study utilized
methods such as threshold population calculation, buffer zone analysis, and network
analysis to examine the accessibility and service quality of parks in Khulna, Bangladesh,
and proposed optimization strategies for park construction based on accessibility [16].
Additionally, a study conducted in Ufa, Russia, quantified the proportion of green spaces
in the total urban area and investigated the impact of factors such as road networks and
walking time on accessibility using buffer zone analysis [17]. Moreover, in addition to
Geographic Information Systems (GIS), big data and artificial intelligence are also emerging
as new methods for studying accessibility [18].

Urban park green space accessibility serves as a crucial indicator for measuring the
equity of urban ecosystem service enjoyment among different social groups. Research
has shown that high-income groups worldwide have a significant advantage in accessing
urban green spaces and their associated ecological services [19]. This has led to pronounced
inequalities among socio-economic groups [20], exacerbated by social backgrounds and
racial disparities [21], further impacting accessibility and safety. Consequently, research
on urban green space accessibility has expanded its scope to encompass a wide range of
populations, including but not limited to children [22], immigrants [23], the elderly [24],
and family units [25]. This broader approach takes into account different age groups, socio-
economic statuses, and activity needs. By doing so, a more comprehensive understanding
of the equity and social justice aspects related to urban green space accessibility is achieved.

Furthermore, the accessibility of urban green spaces is closely related to public health, with
positive impacts on obesity [26], adolescent mental health [27], cardiovascular diseases [28],
and more. In the context of the past few years, during the pandemic, it has been proven
that good accessibility to parks and green spaces has beneficial effects on health promotion
and disease prevention [29].

Although research on urban park green space accessibility has become increasingly
abundant, there is still a lack of studies specifically focusing on the accessibility of parks
and green spaces for the elderly and disabled populations.The first category of studies
still relies on measuring accessibility based on the actual distance or travel time between
urban residents and the location of green spaces. The preferences of the elderly and
disabled populations are only considered as a reference for implementing intervention
measures, without being integrated into the evaluation system of accessibility [30]. The
second category of studies explores the factors that affect the accessibility of parks and
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green spaces for the elderly and disabled populations; however, they do not provide
optimization strategies based on the analysis results [31–33]. The third category of studies,
while assessing accessibility, only proposes optimization strategies at the micro-scale level
of landscape design [34].

Therefore, there is a need for further research that specifically addresses the accessibil-
ity of parks and green spaces for the elderly and disabled populations. This research should
not only consider their preferences but also incorporate them into the evaluation system
of accessibility. Additionally, optimization strategies should be developed based on the
identified factors influencing accessibility. These strategies should go beyond micro-scale
design and consider broader interventions to improve accessibility for these populations.

Population aging has become a global trend, bringing pressure to various sectors
including healthcare, elderly care services, social welfare, and fiscal expenditure [35]. The
construction of public infrastructure should fully consider the usage needs and convenience
of the elderly and disabled populations. Improving the accessibility of urban parks and
green spaces can alleviate some of the social pressures associated with population aging.

We conducted a study using Jianye District in Nanjing City as an example. The district
faces the challenge of balancing the modern development of the city with the social lives
of the elderly and disabled populations, as well as addressing the issue of equity in the
ecosystem services provided by urban green spaces. As of 2022, the population of elderly
residents aged 60 and above in Nanjing city was 1.8246 million, accounting for 19.36% of the
total population. The registered disabled population was 148,000, with visual impairment
and physical disability accounting for over 60%. As one of the emerging modern urban
centers and demonstration areas in China, Jianye District attaches great importance to
safeguarding the rights and interests of vulnerable groups during the urban renewal
process. The purpose of this study is to accurately explore the service status of parks and
green spaces in Jianye District for the elderly and disabled populations. By combining
behavioral preferences with analysis results, reasonable optimization suggestions are
proposed for urban road traffic and urban green spaces. This research is valuable for urban
planning and design work in similar cities aiming to improve social welfare equity and
optimize the layout of urban green spaces to cater to a broader range of vulnerable groups.

2. Materials and Methods

This study takes landscape architecture, environmental psychology, urban and rural
planning, graph theory and operations research as the theoretical basis to re-examine the
spatial analysis and resource allocation optimization of parks and green spaces in Jianye
District, Nanjing. This study simulates the process of the elderly and disabled people going
to the park green space, in which the travel characteristics of the elderly and disabled
people are important influencing factors. So we use the network analysis method of GIS to
obtain more accurate results of the accessibility analysis. The framework of the study refers
to Figure 1. In the network, we mainly consider the influence of the center, node, chain and
resistance on the accessibility.

This study defines older adults based on age criteria and functional abilities. In
terms of age criteria, we refer to Article 2 of the “Law on the Protection of the Rights and
Interests of the Elderly” in China, which sets the starting age for older adults at 60 years old.
Therefore, any Chinese citizen who has reached the age of 60 is considered an older adult.

Regarding functional abilities, we follow the assessment guidelines outlined in the
“Standard for Assessing the Abilities of the Elderly” (MZ/T 039-2013) issued by the Chinese
government. According to this standard, the abilities of older adults are categorized into
four levels based on their performance in daily living activities, mental status, perception
and communication, and social participation. Among the four levels, older adults with mod-
erate and severe disabilities experience significant impairment in their mobility, have limited
activities, and rely on others for daily care. As a result, this study mainly focuses on older
adults who are 60 years or older and have a functional ability level of mild disability or higher.



Forests 2023, 14, 1801 4 of 30

Figure 1. Research framework.

Regarding the definition of persons with disabilities, as defined by the “Convention on
the Rights of Persons with Disabilities” adopted by the United Nations General Assembly
in 2006, persons with disabilities include those with long-term impairments in physical,
mental, intellectual, or sensory functions, which may interact with various barriers and
hinder their full and effective participation in society on an equal basis with others. Among
various types of disabilities, mobility barriers are primarily caused by physical and visual
impairments. Speech, intellectual, and mental disabilities usually do not affect physical mo-
bility. Therefore, this article mainly addresses persons with disabilities who face difficulties
in transportation due to visual and physical impairments.

2.1. Conceptual Research

In our study, we observed variations in the classification of urban parks and green
spaces across different countries. China, for instance, categorizes them into Comprehensive
Park, Community Park, Specialized Park, and Amusement Park. However, our research
revealed that the preferences of elderly and disabled individuals in selecting parks and
green spaces do not precisely align with the national standards’ categorization. Their
priorities lie more in the proximity of green spaces to residential areas and the diversity of
green space offerings. To better align with the usage patterns and demand characteristics
of this target group, we propose a reclassification of urban park green spaces based on the
activity preference of elderly and disabled individuals (Table 1). Type I green spaces have
complete facilities and featured content, and are highly attractive. Type II green spaces
have certain facilities and content, and the area is small. They are close to residential areas,
so they are convenient for residents to use.
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Table 1. Classification of green space.

Category Types Scope

Type I Comprehensive park Whole regionSpecial park

Type II Community park Surrounding residential areaAmusement park

2.2. Scope of the Study Area

The study focused on Jianye District, one of the main districts in the city of Nanjing,
situated in the southwestern part of the city (Figure 2). Jianye District encompasses six
streets, namely Mochou Lake, Xinglong, Nanyuan, Shazhou, Shuangxia, and Jiangxinzhou,
comprising a total of 60 communities and six community preparatory groups. As of the
end of 2019, the resident population in the study area was 505,600. The research area is
surrounded by natural rivers on the east, west, and south sides, with a clearly defined
large green space on the northern side, which distinguishes the research area from other
regions of the city. Jiangxinzhou street was excluded from the study area due to incomplete
development and an incomplete road network.

Figure 2. The location of Jianye District in Nanjing, China.

2.3. Characterization of Park Green Space for the Elderly and the Disabled

To investigate the travel characteristics of elderly and disabled individuals in Jianye
District, a questionnaire survey was conducted. A total of 200 questionnaires were dis-
tributed to the elderly, with a response rate of 91%. For visually and physically disabled
individuals, 100 questionnaires were distributed, with 50 questionnaires for each disability
type, and no invalid responses were received. Based on the analysis, the following travel
characteristics were identified:

The majority of the elderly population exhibited a strong demand for green spaces
(Figure 3). When traveling to Type I green spaces, walking was the primary mode of trans-
portation, supplemented by cycling and public transportation. Type II green spaces were
mostly accessible by walking, with a maximum travel time of generally less than 15 min.

Figure 3. The behavior habits of park green space travel for the elderly.
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Most disabled individuals have a demand for park green space travel, but their fre-
quency of travel is not high. Their preferred mode of transportation is primarily walking,
with fewer choosing other modes of travel for activities in green spaces. Due to the difficulty in
determining the travel speed of disabled individuals and the increased likelihood of encounter-
ing obstacles with larger travel distances, the questionnaire for disabled individuals focused on
measuring travel distance rather than travel time, which better aligns with their travel habits.

Disabled individuals mainly carry out daily activities within a relatively small travel
range. For Type I green spaces, some individuals may accept longer walking distances, but
generally not exceeding 1 km. For Type II green spaces, the majority of individuals prefer not
to walk long distances, with 500 m being an acceptable range for most individuals (Figure 4).

Figure 4. The behavior habits of green space travel in parks for the disabled.

2.4. Geographic Data
2.4.1. Urban Green Space

Jianye District comprises a total of 36 comprehensive parks, community parks, special-
ized parks, and playgrounds (Table 2). Type I green spaces are primarily situated at the
periphery of the study area and are unevenly distributed across the different streets. Type II
green spaces are generally located in closer proximity to residential areas. These green
spaces, which predominantly consist of parks and green areas along streets and rivers,
serve as high-frequency activity sites for the elderly.

Using remote sensing satellite image maps, network maps, and handheld GPS devices,
all entrances and exits of park green spaces were identified and labeled. For green spaces
with closed boundaries, where visitors can only enter and exit through specific entrances
and exits, the intersections of the entrances and roads were designated as entrance and
exit points and marked accordingly. In green areas with open boundaries, visitors have the
flexibility to enter from any point along the green area boundary. In this case, the points
where the green area intersects with other roads are identified as entrance and exit points,
and a total of 208 such points are marked (Figure 5).

Table 2. Relevant statistics of park green space.

Green Space Classification Area (Ha) Quantity

Type I Comprehensive park 288.31 6
Special park 14.85 2

Type II Community park 64.82 4
Amusement park 167.16 24

Total - 535.14 36
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Figure 5. Distribution map of entrances and exits of park green space.

2.4.2. Population Distribution

The outer boundaries of all residential areas within the study area were delineated
in ArcGIS based on internet maps and satellite image maps, resulting in the creation of
a residential area dataset. Through GPS device positioning and searching maps on the
internet, a total of 636 entrances and exits were identified for the 246 residential areas in
Jianye District. These coordinate points were imported into GIS, underwent coordinate
transformation, and were exported as element classes (Figure 6). This dataset serves as one
of the core data sources for subsequent accessibility calculations.

To analyze the distribution of the elderly population, the number of elderly individ-
uals was associated with the residential area dataset, resulting in a map depicting the
spatial distribution of the elderly population (Figure 7). Similarly, the number of disabled
individuals was associated with the residential area dataset, generating distribution maps
of the disabled population (Figures 8 and 9).
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Figure 6. Residential area entrance and exit distribution map.

Figure 7. Elderly population distribution map.
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Figure 8. Distribution map of Visually Impaired Individuals.

Figure 9. Distribution map of Individuals with Physical Disabilities.

According to the network maps and satellite imagery, we created a distribution map of
all residential areas within the study area in ArcMap as residential area data. Additionally,
we obtained the number of residential households for each residential area, including resi-
dential communities, apartments, and institutional dormitories, within Jianye District from
websites such as Lianjia and Anjuke. The residential areas of Jiangxinzhou were excluded
from the data. We excluded newly constructed residential areas that are still uninhabited.
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In total, we obtained data for 246 residential areas (Table 3). The number of residential
households in each neighborhood was utilized to calculate the corresponding number of
elderly and disabled individuals in that neighborhood, employing the Equations (1) and (2).

Nje =
(
Ejs/Rs

)
∗ Rj, (1)

where j represents the residential area, Nje represents the number of elderly individuals,
Ejs represents the total number of elderly individuals on the street s where the residential
area j is located, Rs represents the total number of residential households on the street s,
and Rj represents the number of residential households in each residential area.

Njd =
(

Ejd/Rs

)
∗ Rj, (2)

where j represents the residential area, Njdrepresents the number of elderly individuals,
Ejd represents the total number of elderly individuals on the street s where the residential
area j is located, Rs represents the total number of residential households on the street s,
and Rj represents the number of residential households in each residential area.

Table 3. Total Area of Residential Districts and Elderly/Disabled Population by Streets.

Project Mochou
Lake Street

Nanyuan
Street

Shuangxia
Street

Shazhou
Street

Xinglong
Street

The Total
Region

Total area of residential area (ha) 239.11 259.02 180.48 307.92 317.33 1303.85
Elderly population 29,676 18,697 5377 10,881 11,575 80,608

Disabled population Visual 299 153 76 107 88 867
Physical 956 614 217 333 264 2697

Utilizing OpenStreetMap as a data reference, irrelevant data such as roads within
residential areas, internal roads within green spaces, and disconnected roads were removed.
Additionally, certain sections of the road network were corrected based on satellite image
maps. The road network of Jianye District was then analyzed, and the expressways, main
roads, secondary roads, branch roads, and intersections were extracted (Figure 10).

The elderly and disabled individuals often require walking aids such as canes or
wheelchairs due to their limited physical mobility. Additionally, their walking stride is
typically larger (Table 4). Consequently, compared to other population groups, the elderly
and disabled individuals have a greater need for walking on a larger scale. Therefore, the
requirement for an effective sidewalk width is higher for them, with a minimum value of 1.5 m.

Table 4. Data of human body scale in different walking states.

Walking State Front Width (mm) Side Width (mm) Turning Radius (mm)

Normal state 450 300 600
Carry a walking stick 750–950 600–700 1200

With a blind stick 1200 700–900 1500
In a wheelchair 650–700 1000–1200 1500

A comprehensive study was conducted on all roads within the study area, encompass-
ing a total of 141 roads with a combined length of 244.7 km. Among these roads, 227.5 km
(93%) were constructed with sidewalks. Sidewalks with an effective passing width exceed-
ing 1.5 m accounted for 177.5 km (78%), achieving a compliance rate of 78%. Sidewalks
meeting the standard constituted 72.5% of the total length of all roads (Figure 11).

The study also identified 212.7 km (87%) of sidewalks with complete and continuous
blind alleys, representing 87% of the total road length in the study area (Figure 12). These
sidewalks, along with the entire road network featuring sidewalks with effective passing
widths greater than 1.5 m, were selected as the fundamental data for subsequent calcu-
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lations pertaining to the accessibility of park green spaces for the elderly and physically
disabled populations.

Figure 10. Road network map.

Figure 11. Pavement network map.
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Figure 12. Tactile paving network map.

2.5. Resistance Parameter

Relevant statistical research indicates that the average walking speed for the elderly on
sidewalks is approximately 1.02 m/s. The waiting time at intersections is set at 45 s, while
the delay time for overpasses and underpasses is set at 32 s. The cycling speed is defined as
10 km/h. It is important to note that for disabled individuals, flyovers and underpasses
pose significant barriers, resulting in their designation as impassable. To summarize, the
resistance value parameters for this network analysis are presented in Table 5.

Table 5. Accessibility calculation index.

Crowd Category Traffic Mode Moving Speed
(km/h)

Maximum Travel
Time (min) Maximum Travel Distance (m)

The elderly
Public transportation - 30

- -Riding 10 20
Walking 1.02 30

The disabled Walking - -
Type I green space Type II green space

1000 500

2.6. Analysis Model
2.6.1. Road Network

After determining the required geographic data and resistance value parameters for
network analysis, data collection for the four elements of the network analysis—centers,
nodes, links, and resistances—has been completed. The accessibility calculation and
analysis can now be performed using the Network Analysis tool on the ArcGIS platform.
The process primarily involves the following steps (Figure 13).
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Figure 13. Network analysis model construction steps.

2.6.2. Application of API Open Interface

In this study, we employed the path planning method using the API interface of an
Internet map open platform for simulating public transit travel. Specifically, we selected the
web service API of the Amap open platform and utilized its public transit route planning
API interface. Python scripts were developed to facilitate batch querying of time and total
distance information for each planned route. Subsequently, data aggregation, accessibility
calculation, and analysis were conducted (Figure 14).

Figure 14. Internet map API application route.

2.7. Selection of Evaluation Indicators

In accessibility studies using network analysis, the service area ratio is commonly
chosen as the primary evaluation indicator. However, the service area ratio overlooks
the population distribution variations within residential areas. Therefore, the service
population ratio is introduced as the main evaluation indicator for accessibility, which
better reflects the level of service provided by park green spaces to individuals. Additionally,
some residential areas only allow access through specific entrances and exits. The elderly
and disabled individuals mostly travel to park green spaces on foot, and they tend to
choose entrances and exits that are closer to the green spaces. To enhance the accuracy of
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the analysis results, this study incorporates the consideration of residential area entrances
and exits. The improved calculation method for accessibility is as follows:

Pij =
Aj

Nj
∗ Eij, (3)

where Pij represents the number of people served by the green space i in the residential
areaj , Aj represents the total population of the residential area j, Nj is the number of
entrances and exits for the residential area j, Eij represents the number of entrances and
exits for the green space i that cover the residential area j.

Gi =
∑ Pij

H
, (4)

where Pij represents the number of people served by the green space i in the residential
areaj, Gi represents the ratio of the total population of all residential areas to the total
population H within the study area, which is the service population ratio.

3. Results
3.1. Accessibility of Park Green Space for the Elderly
3.1.1. Type I Green Space

For Type I green spaces, older adults primarily rely on walking to reach them within
a 10-min travel time. However, the service areas of Type I green spaces within a 10-min
walk are scattered, serving only a limited number of older adults in close proximity to the
green spaces, resulting in poor accessibility. When the walking time is extended to 20 min,
the accessibility of Type I green spaces significantly improves (Table 6). The service areas
transition from scattered to clustered, primarily located in the north, south, and west of
Jianye District (Figure 15). A 30-min walk is the maximum time limit for older adults to
reach parks, as they are less willing to travel to green spaces that are more than 30 min
away, considering the return journey to their homes. Within a 30-min walk, accessibility
across the district increased by 50% compared to a 20-min walk.

Table 6. Evaluation index of Type I green space by walking.

Evaluation Index Mochou
Lake Street

Nanyuan
Street

Shuangxia
Street

Shazhou
Street

Xinglong
Street

The Entire
Region

10-min
Service area 28.34% 0.00% 8.58% 6.89% 11.06% 10.70%

Service population 29.90% 0.00% 5.79% 4.48% 11.89% 14.50%

20-min
Service area 72.26% 0.55% 63.82% 23.80% 44.97% 38.76%

Service population 77.53% 3.46% 63.77% 16.09% 42.96% 44.36%

30-min
Service area 92.11% 13.81% 94.19% 44.61% 80.82% 62.88%

Service population 91.80% 22.30% 91.04% 37.45% 86.13% 66.07%

Compared to walking, cycling shows a significant improvement in accessibility to
green spaces. Furthermore, when comparing a 10-min cycling time to a 20-min cycling time,
there is a remarkable enhancement in green space accessibility (Figure 16). The population
served ratio increased from 48.26% to 91.66%, with only a few remaining blind spots in
Nanyuan Street. Overall, the coverage achieved almost its full extent (Table 7).

In the study of public transportation accessibility, a total of 32,650 valid planning
paths were obtained using the bus path query crawler script. The shortest travel time
recorded was 15.1 min, and there were no planning paths that took less than 10 min. This
indicates that for journeys under 10 min, it is more efficient to travel by bike or on foot.
Subsequently, a batch program written in Python was used to filter out the data of all
planned paths that took less than 20 min. After organizing and analyzing the data, the
service area ratio and service population ratio of buses within 20 min were calculated
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(Table 8). In the case of a 20-min bus ride, accessibility to green spaces does not improve
compared to walking; in fact, both decrease to some extent (Figure 17). This suggests that
taking transit does not enhance green space accessibility for a 20-min trip due to various
non-riding time-consuming factors. However, for a 30-min trip using public transit, the
population ratio served by green spaces in the region increased from 29.50% to 87.79%,
resulting in nearly twofold increased accessibility compared to 20 min. Thus, it can be
concluded that transit achieves higher travel efficiency for longer trips, while walking or
cycling is more convenient for shorter trips.

Table 7. Evaluation index of Type I green space by riding.

Evaluation Index Mochou
Lake Street

Nanyuan
Street

Shuangxia
Street

Shazhou
Street

Xinglong
Street

The Entire
Region

10-min
Service area 75.66% 2.40% 72.62% 28.70% 56.03% 44.82%

Service population 79.59% 7.30% 63.64% 23.03% 50.66% 48.26%

20-min
Service area 95.44% 68.70% 100.00% 98.42% 100.00% 92.57%

Service population 96.48% 74.11% 100.00% 95.66% 100.00% 91.66%

Table 8. Evaluation index of Type I green space by bus.

Evaluation Index Mochou
Lake Street

Nanyuan
Street

Shuangxia
Street

Shazhou
Street

Xinglong
Street

The Entire
Region

20-min
Service area ratio 50.31% 4.84% 24.22% 26.88% 42.20% 30.16%

Service population ratio 48.82% 1.18% 15.33% 24.11% 37.35% 29.50%

30-min
Service area ratio 94.21% 68.40% 100.00% 90.86% 100.00% 90.50%

Service population ratio 94.37% 66.39% 100.00% 87.58% 100.00% 87.79%

In the five streets, there are two types of variations in service population within
30 min. The first type exhibits a pattern of initially high and then low growth rates.
Streets that exhibit this characteristic primarily rely on green spaces within the street for
service provision, with a greater distance from green spaces outside the street. As a result,
the accessibility to green spaces within a short period of time shows a high growth rate.
However, after 20 min, there is a bottleneck in the supply of green spaces within the street,
leading to a slowdown in the growth rate. The second type exhibits a pattern of initially low
and then high growth rates. Streets that exhibit this characteristic have both internal green
spaces and green spaces from other streets providing services after 20 min. Therefore, the
accessibility after 20 min improves. From this, we can conclude that when designing the layout
of green spaces, it is advisable to consider placing one type of green space at the boundaries of
the streets in order to enhance the efficiency of service provision by green spaces.
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Figure 15. Service area of Type I green space by walking.

Figure 16. Service area of Type I green space by riding.
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Figure 17. The residential area covered by the service of Type I green space when choosing pub-
lic transportation.

3.1.2. Type II Green Space

The maximum acceptable walking travel time for elderly individuals to access Type II
green spaces is 15 min. Type II green spaces typically serve the surrounding residential
areas; thus, only walking accessibility analysis is conducted. Overall, the accessibility
within a 10-min walking distance is good, and there is some improvement in accessibility
within the range of 10–15 min (Figure 18).
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Figure 18. Service area of Type II green space of the elderly by walking.

3.1.3. Comprehensive Analysis for the Elderly

By overlaying the service areas of Type I and Type II green spaces that can be reached
within a 10-min walk in ArcGIS, the optimal service range of all parks and green spaces for
the elderly in Jianye District can be obtained (Figure 19). About 70% of elderly individuals
can walk to green spaces within 10 min to engage in activities, but there is a significant
overlap between the service areas of Type I and Type II green spaces, highlighting the issue
of uneven distribution of green space services in Jianye District.

By overlaying the service areas of Type I green spaces that can be reached within
a 30-min walk and Type II green spaces that can be reached within a 15-min walk, the
maximum service range of all parks and green spaces for the elderly in Jianye District can
be obtained (Figure 20). The data show that 90% of elderly individuals can reach parks
and green spaces within an acceptable time range, and the service areas of parks and green
spaces basically cover the entire study area, with good accessibility. The only green space
service blind spots are in Nanyuan and Shazhou streets.
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Figure 19. Optimumservice area of park green space for the elderly.

Figure 20. Maximum service area of park green space for the elderly.
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3.2. Accessibility of Park Green Space for the Disabled
3.2.1. Type I Green Space

The study calculated the accessibility of parks and green spaces for visually impaired
individuals based on the network dataset constructed using tactile paving, and the ac-
cessibility for physically disabled individuals based on the network dataset constructed
using standard pedestrian pathways. The data show that within a high-frequency travel
range of 500 m, only about 13% of visually impaired individuals and 12% of physically
disabled individuals can reach Type I green spaces (Table 9). Within a maximum travel
range of 1 km, except for the Mochouhu Street, the service coverage for visually impaired
individuals is lower than that for physically disabled individuals due to the lack of blind
path, indicating a significant impact of loss of blind path on accessibility (Table 10).

Table 9. Evaluation index of the Type I green space within 500 m of walking for the disabled.

Crowd
Type Evaluation Index Mochou

Lake Street
Nanyuan

Street
Shuangxia

Street
Shazhou

Street
Xinglong

Street
The Entire

Region

VII *
Service area ratio 25.42% 0.00% 4.79% 3.54% 3.55% 7.02%

Service population ratio 26.73% 0.00% 6.57% 1.54% 11.06% 13.32%

IPD **
Service area ratio 26.57% 0.00% 9.14% 5.56% 9.36% 9.73%

Service population ratio 27.97% 0.00% 6.57% 2.52% 12.26% 11.81%

* “VII” is the abbreviation for “Visually Impaired Individuals”. ** “IPD” is the abbreviation for “Individuals with
Physical Disabilities”.

Table 10. Evaluation index of the Type I green space within 1 km of walking for the disabled.

Crowd
Type Evaluation Index Mochou

Lake Street
Nanyuan

Street
Shuangxia

Street
Shazhou

Street
Xinglong

Street
The Entire

Region

VII *
Service area ratio 70.62% 0.44% 39.89% 12.80% 32.20% 29.42%

Service population ratio 76.82% 2.13% 38.92% 8.22% 35.98% 41.91%

IPD **
Service area ratio 70.33% 0.44% 52.48% 20.64% 38.86% 34.58%

Service population ratio 76.84% 2.13% 44.54% 14.56% 37.17% 41.56%

* “VII” is the abbreviation for “Visually Impaired Individuals”. ** “IPD” is the abbreviation for “Individuals with
Physical Disabilities”.

The analysis indicates that disabled individuals in Jianye District have difficulty
accessing Type I green spaces (Figures 21 and 22). Most disabled individuals find it
challenging to reach Type I green spaces by walking alone. Public transportation and motor
vehicles face more obstacles and have low utilization rates.
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Figure 21. Service area of Type I green space for Visually Impaired Individuals.

Figure 22. Service area of Type I green space for Individuals with Physical Disabilities.
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3.2.2. Type II Green Space

Compared to Type I green spaces, Type II green spaces are important places for
daily exercise and leisure for disabled individuals. Research results indicate that disabled
individuals prefer to have Type II green spaces within a 500 m walking distance. However,
the analysis shows that Type II green spaces can only serve approximately 60% of disabled
individuals in the entire district (Table 11, Figures 23 and 24).

Table 11. Evaluation Index of Type II Green Space within 500 m of Walking for the Disabled.

Crowd
Type Evaluation Index Mochou

Lake Street
Nanyuan

Street
Shuangxia

Street
Shazhou

Street
Xinglong

Street
The Entire

Region

VII *
Service area ratio 58.60% 46.74% 17.04% 55.04% 42.58% 45.75%

Service population ratio 70.58% 62.72% 16.79% 55.49% 46.65% 58.12%

IPD **
Service area ratio 59.44% 46.83% 19.14% 60.31% 46.14% 48.33%

Service population ratio 71.22% 62.72% 22.23% 60.83% 48.16% 60.57%

* “VII” is the abbreviation for “Visually Impaired Individuals”. ** “IPD” is the abbreviation for “Individuals with
Physical Disabilities”.

Figure 23. Service area of Type II green space for Visually Impaired Individuals.
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Figure 24. Service area of Type II green space for Individuals with Physical Disabilities.

3.2.3. Comprehensive Analysis for the Disabled

A 500 m distance is considered the optimal service range for parks and green spaces
for disabled individuals. However, the analysis results indicate that only about 65% of
disabled individuals can reach the green spaces within this travel distance (Table 12). A 1 km
distance represents the maximum service range for parks and green spaces for disabled
individuals, and over 20% of disabled individuals are unable to access any green spaces
for activities within this range (Table 13). Considering the various urban transportation
barriers and artificial obstacles that exist in reality, the accessibility of green spaces for
disabled individuals is not optimistic. Most disabled individuals can only access Type II
green spaces, which are generally smaller in scale and lack adequate accessibility facilities,
hindering their ability to engage in activities and further reducing their accessibility to
green spaces.

Table 12. The optimum accessibility indexes of green space t for the disabled in Jianye District.

Crowd
Type Evaluation Index Mochou

Lake Street
Nanyuan

Street
Shuangxia

Street
Shazhou

Street
Xinglong

Street
The Entire

Region

VII *
Service area ratio 70.94% 46.74% 20.71% 55.19% 43.52% 48.79%

Service population ratio 80.97% 62.72% 22.18% 55.49% 51.51% 63.57%

IPD **
Service area ratio 72.33% 46.83% 27.08% 60.32% 50.19% 52.77%

Service population ratio 82.20% 62.72% 27.62% 60.83% 54.02% 66.11%

* “VII” is the abbreviation for “Visually Impaired Individuals”. ** “IPD” is the abbreviation for “Individuals with
Physical Disabilities”.
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Table 13. The maximum accessibility indexes of green space t for the disabled in Jianye District.

Crowd
Type Evaluation Index Mochou

Lake Street
Nanyuan

Street
Shuangxia

Street
Shazhou

Street
Xinglong

Street
The Entire

Region

VII *
Service area ratio 94.93% 46.89% 54.10% 58.97% 54.86% 61.49%

Service population ratio 100.00% 63.59% 53.55% 58.63% 61.03% 76.55%

IPD **
Service area ratio 94.76% 46.99% 68.97% 64.04% 61.41% 66.33%

Service population ratio 100.00% 63.59% 64.61% 62.88% 62.22% 78.03%

* “VII” is the abbreviation for “Visually Impaired Individuals”. ** “IPD” is the abbreviation for “Individuals with
Physical Disabilities”.

3.3. Optimization Strategy for Improving the Accessibility of Park Green Space in Jianyu District
3.3.1. Traffic

Strict adherence to accessibility design standards and the establishment of a comprehen-
sive pedestrian network will significantly improve the accessibility of parks and green spaces
for the elderly and disabled individuals. New pedestrian walkways should be constructed
in key sections, and segregated road systems should be established to enhance pedestrian
efficiency and safety. Overpasses or underground passages should be used at multi-lane
intersections, along with ramps, elevators, and escalators, to facilitate the movement of the
elderly and disabled individuals.

Since the elderly and disabled individuals rely on public transportation for long-distance
travel, optimizing the public transportation system plays a crucial role in improving the
accessibility of parks and green spaces. In the short term, bus routes can be optimized, and
more bus stops can be set up near green spaces. In the long run, the integration between the
subway system and various parks should be strengthened to improve service efficiency.

Lastly, road management needs to be strengthened. Measures should be taken to
reduce common obstacles such as illegal parking, street vendors, newsstands, and construc-
tion fences that hinder the mobility of the elderly and disabled individuals. Repairing and
maintaining tactile paving on sidewalks should be prioritized to enhance the confidence of
vulnerable groups in their travel.

3.3.2. Urban Green Space

In the study, it was found that compared to other point and area green spaces, linear
green spaces have multiple entrances and exits, which are of great significance in improving
accessibility. Linear green spaces can be connected and extended, with the addition of
facilities and the widening of roads, to create a continuous green structure. Furthermore,
according to the overall urban planning, point and area green spaces should be reasonably
distributed in green service blind spots. Unused land can be transformed into urban
comprehensive parks or specialized parks, supplementing riverbanks and street green
belts, to address the issues of uneven distribution and lack of diversity in green spaces.

For existing green spaces, particular attention should be given to the renewal and im-
provement of accessibility and age-friendly design. Consideration should be given to the
usage habits and safety of these two groups in terms of details, materials, and scale, in order
to enhance the service level of green spaces and fully utilize the accessibility advantages of
existing green spaces.

3.3.3. Accessibility Improvement Optimization

Based on the resistance parameter and considering the analysis of travel habits of
older adults and persons with disabilities conducted in the previous section, we have set
the goal of optimizing the urban green space accessibility to “a 10-min walk for the elderly
and a 500-m walk for persons with disabilities to reach city parks and green spaces”. These
travel distances are comfortable and reasonable for them, as determined by the resistance
parameters derived from their travel habits analysis.
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Furthermore, taking into account the actual conditions in most first-tier cities, we
believe that optimizing the spatial pattern of urban green spaces to meet this standard
will not pose significant challenges. Therefore, achieving this objective would enable the
government to enhance the accessibility of parks and green spaces for older adults and
persons with disabilities at a relatively low cost.

According to the optimization strategies mentioned above, new linear green spaces
are added along the riverside, while point and area green spaces are arranged in service
blind spots. After optimizing all the pedestrian road networks and park green spaces in
Jianye District, the accessibility of the park green spaces is recalculated and verified. The
results show that the measures implemented according to the strategies can achieve the
optimization goals (Table 14), and the balance of green space distribution has also been
improved (Figures 25 and 26).

Table 14. Optimized accessibility indexes of green space for the elderly and disabled in Jianye District.

Crowd Type Travel Time Evaluation Index
Mochou

Lake
Street

Nanyuan
Street

Shuangxia
Street

Shazhou
Street

Xinglong
Street

The
Entire

Region

The elderly 10-min walk
Service area ratio 93.20% 98.04% 99.98% 96.52% 91.91% 95.57%

Service population ratio 95.25% 100.00% 100.00% 95.13% 94.29% 96.59%

VII * 500 m walk
Service area ratio 88.83% 95.75% 99.68% 94.37% 90.09% 93.33%

Service population ratio 90.53% 99.14% 100.00% 92.70% 84.53% 92.93%

IPD ** 500 m walk
Service area ratio 88.83% 95.75% 99.68% 94.37% 90.09% 93.32%

Service population ratio 90.52% 99.14% 100.00% 92.70% 84.53% 93.24%

* “VII” is the abbreviation for “Visually Impaired Individuals”. ** “IPD” is the abbreviation for “Individuals with
Physical Disabilities”.

Figure 25. Optimized green space service area can be reached by walking 10 min for the Elderly.
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Figure 26. Optimized green space service area can be reached by walking 500 m for the Disabled.

4. Discussion

Previous studies [11,36–41] on the accessibility of green spaces based on GIS network
analysis have largely overlooked the needs and travel characteristic differences of different
populations. This study focuses on the activity preferences of the elderly and disabled, re-
classifying park green spaces, collecting geographic information data, extracting resistance
values, and setting evaluation criteria to obtain accessibility analysis results that better
conform to specific populations. The analysis method in this paper makes the accessibility
analysis model more in line with the travel characteristics of the study population, and it is
significantly innovative compared to other network analysis research that focuses on all
urban road networks [42–46].

Meanwhile, we carefully considered the choice of analysis methods and applied dif-
ferent methods for different modes of transportation. In previous studies on transportation
accessibility [47–49], network analysis has been commonly used as the tool for analyzing
bus accessibility. However, bus speeds are greatly influenced by road conditions, real-time
traffic, and bus stops. Bus routes are fixed and cannot be flexibly changed. In most cases,
GIS network analysis is more suitable for simulating pedestrian and cycling analysis, where
the movement speed and mode of transportation are relatively fixed, allowing for the
selection of the shortest route. Therefore, we believe that GIS network analysis is not
suitable for bus travel analysis.

In this study, we innovatively developed Python scripts for data collection and inte-
gration, providing practical references for automated and intelligent planning and design.
Compared to GIS network analysis, this method has several advantages in simulating bus
travel. Firstly, the scripts can independently complete the collection and updating of a large
amount of bus network and stop data, providing more accurate path information. Secondly,
internet maps can incorporate real-time traffic flow factors and calculate routes that better
align with people’s usage habits. Additionally, the scripts can query the cost time, total
distance, and other information for each planned route in batches, and perform statisti-
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cal analysis and accessibility calculations based on the returned data. In summary, this
method allows for efficient data acquisition and precise analysis, significantly improving
the reliability of the work and reducing the workload for researchers.

Furthermore, we integrated survey data and previous research data to summarize
the travel preferences of the elderly and disabled population, and quantified them into
numerical indicators. Most elderly people prefer to go to green spaces for activities fre-
quently. Most are accustomed to walking, but for slightly farther destinations, they also
use cycling and public transportation. The disabled, limited by their mobility, do not travel
frequently, mostly only walking, with a small activity range, generally with 500 m as the
high-frequency activity area, and 1 km as the maximum distance for most disabled people
to travel to green spaces. This analysis result can serve as a basis for the calculation of park
green space accessibility for the elderly and disabled in other cities.

There are several shortcomings in this study that need to be more accurately studied
in future work to better reflect the actual situation:

Firstly, the method of collecting data through questionnaire surveys has a large recall
bias and subjective evaluation, making it impossible for such research to establish a more
comprehensive understanding of the elderly’s needs and obstacles to urban green spaces.

Secondly, this study only conducted surveys on the effective passage width and blind
road in the study area. However, there are many other factors that affect the travel of the
elderly and disabled, especially human-made obstacles and management deficiencies, such
as vendors and vehicles occupying the road, road facility damage, etc. These factors have
a large impact on walking but are difficult to accurately quantify and study. Although
the research focus covers factors such as green space layout, traffic roads, and population
distribution, it does not consider the attraction and facility quality differences between
similar green spaces. In subsequent research, introducing these factors will help obtain
more accurate accessibility analysis results.

Thirdly, Due to the impact of the pandemic, the survey data may differ from normal
periods. In addition, the behavior activities of the elderly and disabled are also affected by
factors such as season, weather, and temperature. Therefore, there is still room for further
improvement in the survey of the target population.

Fourthly, Due to some limitations of GIS software, the construction of the accessibility
model is somewhat idealized and cannot simulate all factors in reality.

5. Conclusions

This article focuses on vulnerable groups in society—the elderly and people with
disabilities. By using GIS and Python for accessibility analysis, different road network
datasets are constructed for different modes of transportation. This modeling method can
make the analysis more tailored to the target population.

Different countries and cities have different concepts and evaluation methods for
green space accessibility, as well as varying population sizes and levels of development.
Based on this study, we propose the following optimization suggestions for green space
planning in aging cities: in terms of transportation, attention should be paid to improv-
ing the accessibility of sidewalks, optimizing public transportation, strengthening road
management and constructing slow traffic systems to increase individuals’ willingness to
travel and to reduce travel risks. Based on the overall urban planning of the city, new green
spaces should be constructed to enrich the types of green spaces and create connected,
wide strip green spaces, allowing the elderly to walk 10 min and people with disabilities to
walk 500 m to quickly and conveniently reach urban parks and green spaces.
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