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Abstract: As an important carrier of urban residents' public life, urban public open space plays an
indispensable role in improving the quality of life of urban residents. Accessibility is an important indicator to
characterize the publicity and service level of a public open space. This study optimized the GIS-based,
Gaussian two-part mobile search method to quantitatively calculate and evaluate the accessibility of public
open space within a 5-minute walking distance for residents in Nanshan District, Shenzhen. On this basis,
social survey methods, including the questionnaire survey method via a field survey and the interview method,
were used to conduct field research on residents' accessibility satisfaction. Comparing the results of the survey
on residents' accessibility satisfaction to the GIS quantitative evaluation results of accessibility, the results of
the field research show that current residents of Nanshan are more satisfied with the accessibility of public
open space. In view of the similarities and differences between the two sets of results, the influencing factors
of public open space accessibility were analyzed, corresponding countermeasures were proposed for the
construction of public open spaces in the future.
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1. Introduction

As a kind of public resource, urban public open space (POS) is the main spatial carrier of citizens'
public activities, displaying the history and cultural lineage of a city, while improving the life of
citizens and meeting the cultural needs of the general public; it is one of the most important spatial
elements to support the sustainable development of a city. In recent years, the improvement of urban
public open space systems and the establishment of quantitative evaluation systems is a major focus
of urban development research.

The concept of urban public space proposed by Zhou Jin (2005) [1] has garnered a high degree
of recognition: "Urban public space is an urban space that belongs to the domain of public value,
mainly urban artificial open space, or urban open space in which artificial factors dominate."

In this paper, a public open space is defined as "an outdoor space in the city that is open to all
citizens, free of charge all day long, artificially developed and provided with activity facilities."
According to the space level, it is divided into six categories: municipal public open space, district-
level public open space, community-level public open space, countryside-type public open space,
university-type public open space, and commercial public open space.

With the rapid development of communication technologies and geographic information system
(GISs), basic data such as spatial environment data and demographic data can be obtained more
conveniently, and the application of mathematical analysis methods and geographic information
systems (GISs) in the field of urban planning is increasingly extensive. A series of scientific
quantitative evaluation methods and index systems have been gradually formed for the evaluation
of public open space. Among them, the evaluation of public open space accessibility has become a
very important field in urban planning academic research and technical services.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Literature review

In recent years, from the perspective of quantitative evaluation on public open space accessibility
at home and abroad, current quantitative evaluation methods mainly include the following methods:
the ratio method, the nearest-distance method, the method based on spatial interaction, and the
method based on the accumulation of opportunities [2—4].

The ratio method mainly calculates the ratio of the total number of service facilities to the total
number of people served, and the larger the ratio, the better the level of accessibility. Although this
method can reflect the overall level of residents' access to public services, it is unable to reveal changes
in the uneven distribution of a population across a large spatial area. The nearest-distance method
assumes that residents always choose the nearest-neighboring public service facilities, and the closer
the distance, the better the level of accessibility. However, this method cannot simulate the situation
of making choices between multiple facilities within a limited time, and it is currently widely used
for evaluating accessibility to emergency-type facilities [5]. The method based on spatial interaction
is derived from the law of gravity, which holds that there is a mutual gravitational effect between the
demand and supply sides, and the gravitational effect decays with an increase in spatial distance; this
method is somewhat abstract and more difficult to understand, and at the same time, it is difficult to
use this method to express the relationship of the decay of the distance between a facility and a
demand point [2][6]. The method based on opportunity accumulation is developed on the basis of
the proportional method and the distance method, focusing on estimating the critical value of limited
travel distance (or time), and comparing the amount of resources per capita that can be searched by
residents within the critical range; the higher the amount of resources per capita, the better the level
of accessibility. Various methods based on opportunity accumulation have been developed,
including the contour method [2], the mobile search method [7], and the two-step mobile search
method [8].

The two-step floating catchment area method (25FCA) was proposed by Prof. John Radke
(University of California, Berkeley) in 2000. It has been continuously improved in recent years and is
widely used in foreign countries to evaluate the accessibility of facilities providing public services,
such as medical care [9-11], education [12,13], parks [14-16], and transportation [17].

At present, some researchers have introduced a Gaussian function in the mathematical
calculation of the two-step mobile search method, and verified that the combination of the two
calculations leads to more accurate accessibility results. This method has obvious advantages in the
field of accessibility evaluation, but the shortcoming is that the two-step mobile search method cannot
reflect users’ subjective feelings [18-20].

In recent years, the number of surveys on user satisfaction regarding public open space has also
gradually increased, and both resident satisfaction surveys and accessibility evaluation belong to the
field of evaluation of public open space quality. Satisfaction research is conducted in a wide range of
areas, including tourism [21], shopping [22], income [23], neighborhood environment [24,25], and
workplace environment [26]. In terms of the research process, most of the studies first carried out the
relevant social surveys through the selection of research subjects and the use detailed questionnaires
and interviews; then, after analyses of the corresponding mathematical statistics and influencing
factors, the results regarding residents' satisfaction were obtained [27-31].

Satisfaction evaluation aims to understand the subjective feelings of residents who actually use
a public open space via the use of an appropriate social survey method. The shortcoming is that this
method is more subjective and easily affected by the value orientation and knowledge level of the
researcher(s).

To summarize, many scholars at home and abroad have adopted the two-step mobile search
method to quantitatively evaluate the accessibility of public open space, which has obvious
advantages in the field of accessibility evaluation, but the shortcoming is that the two-step mobile
search method cannot reflect the subjective feelings of users. In recent years, the number of surveys
on user satisfaction of public open space has also increased, which can provide insight into the real
feelings of residents from their point of view, but the shortcoming is that this method is more
subjective and is easily affected by the value orientation and knowledge level of the researcher(s). At
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present, there is no relevant research that combines the two-step mobile search method and user
satisfaction survey. Therefore, this study conducted a field survey on residents' satisfaction with the
accessibility of public open space based on the quantitative results of the two-step mobile search
method, and explored the influencing factors of residents' accessibility satisfaction by comparing the
results of the quantitative analysis and the satisfaction survey.

3. Materials and Method

3.1. Materials

The basic data included three aspects: urban public open space data, building and population
distribution data, and urban-road spatial information data. The public open space data of Nanshan
District were derived from the Public Open Space Planning of Shenzhen Special Economic Zone
(Shenzhen Municipal Commission of Planning and Land Resources, 2006), Shenzhen Parks Inventory
in 2022 (Shenzhen Municipal Bureau of Urban Management and Comprehensive Law Enforcement,
2023) [32]. The building and population distribution data, based on the Shenzhen Building
Information Census data in 2022, were extracted from the residential building data (categorized into
general residences and villages in the middle of the city), and after being combined with satellite
remote sensing images and street maps at the December 2022 time point, as well as field surveys
(Figures 1 and 2), the residential building data were adjusted and updated. At present, China's urban
population statistics take the community as the smallest unit, and scholars in China have reported
that the community population in Nanshan District has a significant correlation with the general
residential floor area and the residential floor area of urban villages in the community through
analysis using a multiple regression model [33]. In this study, the community population statistics of
the Seventh National Census Data of Nanshan District in 2021 [34] and the general residential
building and urban village building statistics of the community in 2022 were used. Linear regression
analysis using census population and residential building area can obtain the following multiple
regression equation (Sig<0.005) via SPSS linear regression analysis:

P=0.019 x An+0.042 x As.

In this formula, P is the estimated population of the community; An is the general residential
building area within the community; and As is the construction area of private houses in urban
villages within the community. From the formula, it can be seen that for general residential buildings,
every 100 m? of building area accommodates a population of 1.9 people. Every 100 m? of private
houses in urban villages accommodates a population of 4.2 people. This formula can be used to
directly calculate the number of residents in each residential building to facilitate statistical analysis
of the number of people being able to access each public open space.

By mapping the roads in Nanshan District in the year 2022, the road level was categorized into
highway, urban expressway which is a main road, urban secondary road, urban branch road, and
internal road of a residential area.
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Figure 1. Satellite remote sensing image of Nanshan District (2022.8).

Figure 2. Street map of Nanshan District.
3.2. Methods

3.2.1. Calculation steps of Gaussian two-step mobile search method

The two-step mobile search method based on opportunity accumulation, which was used in this
study, can be improved on the basis of a comprehensive consideration of travel distance, service
population, and public open space area; this method can be combined with a regression equation
analysis involving a variety of variables to measure the differences in public open space accessibility
for people with different incomes and social statuses.

The accessibility calculation model of the Gaussian two-part mobile search method can be
realized using a combination of ArcGIS and Excel software, as shown in Figure 3, and the specific
operation process is as follows:

1. By correlating the census data of a community with the data on residential buildings in that
community and using the SPSS software to analyze the correlation, it is concluded that the
distribution of the population has a strong positive correlation with the distribution of
residential buildings, and the corresponding correlation coefficients can be derived. Through
this method, the distribution of the population and the number of residents in the whole
Nanshan District can be determined, and the precision of this method is accurate at the level of
residential buildings.

2. Using the urban road network as the base map, the urban road network is updated against the
Baidu map and Google Earth images, including internal roads in residential areas and internal
roads in urban villages. The updated urban road network is used as the data source to construct
the data analysis network in GIS, and the connectivity is set up, while the main roads’ blocking
attribute is set up for urban rapid arterial roads and highways.
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3. Residential building data and public open space data are added to the data analysis network,
and the network analysis is carried out by taking the public open space data as the facility point,
a residential building as the time point, and the 5-minute walking range (500 m) as the
interruption value; in this way, we can calculate all traveling paths from a residential building
to a public open space, and by deleting duplicate paths, we can calculate how many residential
buildings are served by each public open space [35]. Then, we can further calculate how many
residents are served by each public open space and the area of a public open space that each
resident of Nanshan District can access, which is the accessible per capita area of public open
space.
The results are classified according to the relevant standards of Shenzhen, and the four levels of

accessibility, namely excellent, good, poor, and none, are distinguished by four colors.
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Figure 3. Operational flowchart of quantitative accessibility evaluation based on the Gaussian two-
step mobile search method (GIS analysis and Excel calculation).

3.2.2. Optimization to improve the accuracy of quantitative calculation of public space accessibility

First, we increased the space forms carrying the functions of a public open space, enriched the
types of public open space covered, and increased the types of commercial public open space, country
parks, and university campuses so that the results of the study would be more in line with residents'
behavioral habits of using public open spaces. Second, the road network density in the encrypted
network data set was encrypted to maximize the restoration of the real urban road network. In a
previous study, the urban road network could only be accurate to the level of urban branch roads,
and the roads inside residential areas and urban villages could not be accurately determined (except
for individual large residential areas), while the lack of some road network data had a great impact
on the calculation results. Therefore, in this study, the urban road network in the building census
data was used as the base map, and the urban road network was updated against the Baidu map,
Google Earth images, and UAV aerial map images, including internal roads in residential areas and
in urban villages. Individual areas obscured by buildings were supplemented with road information
through the field surveys. The density of the urban road network in the encrypted network data set
maximizes the restoration of the real urban road network and increases the accuracy of the calculation
results. Finally, we changed the line expression of the blocked road; as shown in Figure 4, the single
line was changed to three lines, in which the center line is an intermittent single line; the crossing
bridges, underpasses, crosswalks, and other crossing channels are divided and not connected to the
center line; the two sides of the line form a continuous single line; and the crossing channels are
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connected to the simulation of the arterial road blocking, with only the intermittent center line being
set as a linear obstacle. After improving the arterial road blocking algorithm, the path along the side
of the road is preserved, the attribute of the road width is reflected, and the crossing pedestrian
accesses such as urban overpasses, underpasses, and crosswalks are also reflected; thus, the
accessibility results obtained are more accurate.

Path 1 |

| Barrier type Path'2 [ Barrier type
X arterial roads 9 ]Path 3 arterial roads
Barrier type Barrier type  ¥lskywalk ,\/

arterial roads Path 2 Path 3 arterial roads |

(a) Original urban arterial barrier algorithm (b) Improved urban arterial road blocking algorithm
Figure 4. Original and improved urban arterial barrier algorithms.

3.2.3. Quantitative results of public space accessibility calculations

According to the multiple regression equation, the permanent population of Nanshan District
in Shenzhen in 2022 was 1.7958 million. As shown in Figure 5a, the population of Nanshan District is
mainly concentrated in the area south of the Guangzhou Shenzhen Expressway. The red patch area
shows a population kernel density greater than 50000 people/km?2. According to the GIS analysis, the
population nuclear density in Nanshan District is greater than 50000 people/km?. There are six areas
in the district, mainly consisting of residential buildings in urban villages, as shown in the residential
distribution map in Figure 5b.
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Figure 5. Distribution of residents in Nanshan District.

As calculated by the GIS analysis, the number of Nanshan residents who can reach a public open
space within a 5-minute (500 m) walk is 111,7925, accounting for 62.25% of the total population of
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Nanshan, and more than one-third of Nanshan residents who do not have any public open space to
use within a 5-minute (500 m) walk is 677,933, accounting for 37.75%.

According to the area indicator stipulated in the 2006 Shenzhen Special Economic Zone Public
Open Space Planning, which stipulates the standard for the allocation of public open spaces, the area
of an independently occupied public open space should not be less than 0.8 m?/person, and the ideal
value should be 8.3 m?/person. The accessibility index is divided into excellent (>8.3 ni/person), good
(3~8.3 ni/person), medium (0.8~3 n¥/person), poor (0~0.8 mi/person), and none (0 m) at six levels. The
per capita public-open-space accessible area for residents of Nanshan was calculated, and the results
of the calculation are shown in Figure 6.

7
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&0 ie B pos
¥ ‘E b /' mER none (O nT)
G- Py 5 Y [ poor (0~0.8n/p)
i o Lom e medium (0.8~3 nt/p)
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. - m excellent (>8.3 i'/p)
urban road

Figure 6. Distribution of public open space accessibility within a 5-minute walk of South Hill
residents.

In terms of spatial layout, most of the residential building areas in Nanshan District are shown
in red and orange (characterizing areas with no or poor accessibility). Areas of residential buildings
with poor accessibility are more widely distributed. The inaccessible areas (red areas) are mostly
concentrated in urban villages with a high population density, followed by most areas north of the
Guangzhou-Shenzhen Expressway, due to the fragmentation of urban construction land by
mountains and lakes, resulting in the dispersed layout of residential buildings and leading to poor
accessibility as a whole. The areas with better accessibility are mainly distributed in the periphery of
large-scale public open spaces, and they are connected to these public open spaces by smooth urban
roads.

From the perspective of walking paths, as shown in Figure 7, the green paths are the paths that
Nanshan District residents can take to reach a public open space within a 5-minute walk, of which
the red paths are the high-frequency paths; the red paths are important walking channels connecting
public open spaces in the city, carrying a large number of travel demand, which can be regarded as
a kind of striped public open space network, and provide the spatial continuation of public open
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spaces at the street level. These paths play an important role in connecting residential buildings and
public open spaces as a whole. Based on the statistics of the number of people passing through the
flyovers and underpasses of the district’s barrier arterial roads, it can be concluded that there is a
high frequency of use of these cross-street channels, flyovers have become an important connection
channel in the area, and a reasonable choice of flyover location can play an important role in
connecting the blocked areas.

legend

" High frequency service path
~ Pathtopos

Pos

Residential building

Figure 7. Pathway map of Nanshan District residents' access to public open space within 5-minute
walking distance.

By comparing the number of people in each class of accessibility before and after considering
trunk road blocking, the analysis shows that trunk road blocking has less impact on public open space
accessibility. Most of the areas are separated by the main road barrier, but there are one or more
public open spaces in each sub-district, and a large number of residents in these areas can satisfy their
needs for public open spaces without crossing the barrier road.

3.2.4. Field survey data on residents' accessibility satisfaction

In this study, based on the quantitative evaluation results calculated using the GIS, we
conducted a field survey on residents' accessibility satisfaction, compared the field research results
with the GIS quantitative results, and analyzed the differences and correlations between the two sets
of results. The survey adopted a variety of social research methods, including questionnaire research,
interview research, and on-site survey, to conduct in-depth research on the subjective feelings of
Nanshan District residents regarding the use of public open space, the characteristics of the habits of
use, and the problems existing in the management and operation of public open space as a
supplement to the quantitative analysis of accessibility of public open space.

The five main principles of research location selection are as follows:

1. Residential neighborhoods with better or worse accessibility;
2. Urban villages with better or worse accessibility;
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3. Areas with large differences in accessibility in the same parcel;
Areas with zero accessibility due to the blockage of urban roads;

The selected survey areas should be evenly distributed in the whole Nanshan District as far as
possible.

A total of 30 survey areas were delineated in this research, which were scattered in the eight
streets under the jurisdiction of Nanshan and covered a variety of settlement types, such as urban
villages, high-grade residential areas, general residential areas, as well as smaller residential areas
with no internal green space, residential areas with a large area of internal green space and activity
venues, residential buildings around a commercial-type public open space, residential buildings near
a countryside-type public open space, and the university campus. The goal was to cover different
situations of public open space and residential areas.

The questionnaire content was designed to be oriented to three main purposes:
To verify the quantitative evaluation results of the GIS analysis;

2. To investigate the behavioral habits and demand characteristics of residents using public open
spaces, and to determine areas with large differences in accessibility in the same parcel;

3. To explore the problems of public open space construction and layout.

The research plan was to administer 40 questionnaires in each region, with a total of 1200
questionnaires in the 30 regions. In total, 1160 questionnaires were administered and 1037
questionnaires were recovered, which is a 90% valid questionnaire rate. The results show the
following:

e  The degree of demand for public open space: As residents' willingness to use a public open
space is higher, the frequency of use will increase accordingly, and the demand for better-quality
of public open space will also increase; the degree of demand for public open space is higher for
those who have more leisure time at their disposal after work. The questionnaire survey was
conducted as a statistical study on the degree of demand for public open space by Nanshan
residents, and demand was divided into five grades from the highest degree of demand to the
lowest in the following order: not needed, general, more needed, needed, and indispensable;
this survey was conducted to explore the degree of demand for public open space in the
subjective consciousness of residents. Based on the statistical analysis, 76.8% of the survey
respondents have a high degree of demand for public open space, of which the proportions
indicating needed and indispensable are 43.9% and 12%, respectively. Thus, the data show that
public open space plays a more important role in the daily life of Nanshan residents, and nearly
80% of the surveyed residents of Nanshan indicated that they have a high degree of demand for
public open space.

e  Frequency of use and distance perception: By analyzing the frequency of use of public open
space by residents, we could analyze the behavioral characteristics of residents' use of public
open space. Drawing on the definition of frequency of use in the Shenzhen Special Economic
Zone Public Open Space Plan, we classified the frequency of use into the following four levels:
hardly go (less than 1 time/week), less often (1-2 times/week), often go (3-5 times/week), and go
every day (6-7 times/week). We set up a jumping question on top of this question: if the option
of hardly go (less than 1 time/week) was checked, the survey respondents were directed to the
question asking the reasons for not going to public open spaces. Using 1-2 times per week as a
measure of regular activity, the sum of survey respondents selecting the categories of less
frequent (1-2 times/week), frequent (3-5 times/week), and every day (6-7 times/week) accounted
for 81.7% of the total number of survey respondents.

Regarding the evaluation of the attractiveness of the public open spaces frequented by the
survey respondents, the sum of the proportions of those who considered the public open spaces
frequented by them as "somewhat attractive" and "very attractive" was 86.7%, showing the
attractiveness of the public open spaces frequented by those who use them frequently. It can be
concluded that a public open space that people frequently use has strong attractiveness and people
are willing to spend time on activities in such a public space, which leads to the conclusion that there
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is a high positive correlation between the attractiveness of a public open space and the frequency of
its use by residents. Combined with the results of the interviews, it can be seen that there is no clear
correspondence between residents' subjective feelings of distance and walking time. If residents are
willing to go to a public open space to carry out activities, it does not matter whether the walking
time is 3 minutes or 25 minutes or more, as long as the subjective distance judgment is that the public
open space is not far away and within the acceptable range. In this case, the public open space will
be used frequently. However, the proportion of survey respondents who chose "far away" increased
significantly after the walking time exceeded 25 minutes.

In addition, a considerable portion of the survey respondents walks for 30 minutes or even up
to one hour to reach a public open space. The public open spaces with the highest frequency of
walking for such an amount of time to reach are shown in Figure 8. The field survey found that these
public open spaces are all large and representative city parks in the district, with landscape design,
facilities, and services that are significantly better than other parks, which further demonstrates that
a high-quality public open space attracts urban residents to use it, and this increases the frequency of
use, travel time, and distance of residents to reach such a public open space.

(c) Sii Park . (d) Zhongshan Pafk

Figure 8. Realistic view of open spaces with the highest frequency of walking for 30 minutes to 1 hour.

3.2.5. Determination of Satisfaction with Public Open Space Accessibility

Considering that the subjective feelings of residents are influenced more by personal emotional
factors, their satisfaction of public open space accessibility was not directly asked in the
questionnaire, but was comprehensively evaluated using multiple questions that were superimposed
on each other. Based on the quantitative evaluation results, this study divided the per capita
accessible area of public open space into four standards: excellent, good, medium, and poor. In the
process of determining the subjective satisfaction of residents, it was also necessary to ask the
question, "Is the area sufficient?", as the first-level question, and then the results of the questions that
could reflect the residents’ satisfaction were superimposed on the first-level question; in this way, the
residents’ satisfaction with the accessibility of public open space in their residential area was obtained
and classified into "dissatisfied", " satisfied", and "very satisfied" (Figure 9).


https://doi.org/10.20944/preprints202309.0165.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 September 2023 do0i:10.20944/preprints202309.0165.v1

11

Adequacy of Frequency of use of Subjective distance
public open space area | public open space perception

BN
bit far

a

not far

far away

BEEECC] 0]

Degree of

—_pmte I——{ often go

go every day
satisfaction of
accessibility to

el S T v
oo every iy}

Tier 1 satisfaction Tier 2 satisfaction Final satisfaction

a bit far

(O o

+

a bit far

=

+

. dissatisfied satisfied . Very satisfied

Figure 9. Determination of residents' satisfaction with accessibility to public open space.

According to the above determination method, we calculated the satisfaction of 1030 survey
respondents with regard to the accessibility of public open space around their residential area. The
calculation results are shown in Table 1, and the results of each research area are shown in Figure 10.

Table 1. Levels of residents' satisfaction in Nanshan District.

Satisfaction level Number of people Proportion
Very satisfied 369 35.8%
Satisfied 329 31.9%
Dissatisfied 332 32.3%

Total 1030 100%
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Figure 10. Distribution of residents' satisfaction with regard to the accessibility of public open space.

The distribution of accessibility satisfaction shows the following patterns:

1. High-satisfaction areas are close to large urban parks, green areas, or urban waterfronts;

Accessibility satisfaction is also very high in the areas blocked by urban arterial roads;

3. Low-satisfaction areas are mostly concentrated in urban villages with a high population density,
without large urban parks or open spaces in the surrounding; but not all urban villages have
low satisfaction, such as the Wanxia Village area and the Nanguang Village area;

N

4. None of the urban village districts with low satisfaction have a large area of public open space
inside them.

4. Discussion

4.1. Overall comparison of quantitative analysis and field survey

The five grades of excellent, good, medium, poor, and none of the GIS quantitative results were
divided into three categories according to the level of per capita area of accessibility characterized, in
which excellent and good were classified as one category, corresponding to "very satisfied" in the
survey results. Poor and none were categorized as one category, corresponding to "unsatisfied" in the
survey results. Medium was categorized as one category, corresponding to "satisfied" in the survey
results. Figure 11 shows the comparison between the results of the quantitative GIS evaluation and
the results of the field survey in each research area.
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Figure 11. Comparison between GIS quantitative results and results of residents' satisfaction survey.

A comparison of the graphical and tabular values shows that the two sets of evaluation results
are significantly different. Overall, compared to the GIS quantitative evaluation results, the field
research results demonstrate that Nanshan residents are more satisfied with the accessibility of public
open space, as shown in Table 2. This reflects that the current planning indicators for public open
space are on the high side, and the per capita indicators for public open space are higher than what
residents actually need. The difference between the two sets of results is mainly reflected in the
proportion of the level of accessibility corresponding to being "unsatisfied"; the proportion of
"unsatisfied" in the GIS quantitative evaluation results is twice as high as the corresponding value in
the field research results, and the proportion of "very satisfied" in the field research results is also
higher than the corresponding proportion in the GIS quantitative evaluation results. The percentage
of "very satisfied" in the field study results is significantly higher compared to the GIS quantitative

results.

Table 2. Comparison of the number of people and the proportion of the two sets of results.
ACCGSSibﬂity level GIS quantitative evaluation results Satisfaction results of field survey
Number of people Proportion Number of people Proportion

(Excellent + good)/very 390885 21.8% 369 35.8%

satisfied

(Medium)/satisfied 254452 14.2% 329 31.9%

(Poor + none)/dissatisfied 1150489 64.1% 332 32.3%

Total 1795826 100% 1030 100%

4.2. Analysis of the reasons for the differences in the comparison of evaluation results in each research area

The bar charts comparing the proportions of "very satisfied" and "dissatisfied" in the GIS
quantitative evaluation results and the field survey results in each research area are shown in Figure
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12. The areas showing a significant difference between the two sets of results are identified in the bar
charts.
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Figure 12. Comparison of satisfaction between quantitative evaluation results and field research
results.

From the overall results, the results of the two evaluation methods appear to show clear

differences for individual research areas, although not all research areas show a clear difference in
the comparison. The comparison of the two sets of evaluation results suggests the following patterns:

Nearly a quarter of the surveyed areas have very close accessibility satisfaction ratios, with no
significant differences, and even if there are differences between individual areas, the differences
mostly fluctuate around 15%. By analyzing the reasons, it is found that the "very satisfied" areas
are adjacent to large city parks in terms of spatial location, with multiple entrances and exits set
up in these parks, multiple convenient walking routes to reach the parks, and no obstruction by


https://doi.org/10.20944/preprints202309.0165.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 September 2023 do0i:10.20944/preprints202309.0165.v1

15

main roads. The "dissatisfied" areas do not have any public open space around them, and the
subjective feelings of the public in these areas are relatively poor.

e In more than half of the surveyed areas, the proportion of people with accessibility satisfaction
indicating "very satisfied" is significantly higher, or the proportion of people with accessibility
satisfaction indicating "unsatisfied" is significantly lower, and the proportion of changes
fluctuates around 30%, with the proportion of changes in individual areas approaching 50%. By
summarizing and analyzing the reasons for the differences found in the comparison of the above
results, the following three main aspects can be drawn:

1. First, most residents are willing to cross the barrier of urban main roads to use a public open
space, and the barrier effect of main roads is not obvious. The field survey found that all road
crossings are interchanges, and when flyovers and tunnels become the only way to cross urban
arterial roads, the effect of arterial road barriers on the accessibility satisfaction of residents
regarding public open space is greatly reduced, and the accessibility satisfaction of residents is
improved.

2. Secondly, residents' walking distance ranges from more than 5 minutes to more than 30 minutes.
The field research found that due to the attraction of high-quality public open spaces and the
public's own needs, many Nanshan residents spend more than 5 minutes to go to these public
open spaces, with most of the walking times between 10 minutes and 25 minutes; the increase
in walking distance means that residents have more public open spaces to choose from, and
accessibility satisfaction is improved accordingly.

3. Thirdly, some residential neighborhoods have better-quality activity venues, which are not
public open spaces, but residents' accessibility satisfaction is higher with frequent use. It is
difficult for survey respondents to eliminate their own subjective feelings of activity venues in
their neighborhood and fill out the questionnaire from the perspective of urban public open
space; this leads to an increase in the satisfaction of survey respondents regarding the
accessibility of public open space. From the perspective of public interest, a "public open space”
inside a closed district should be understood as the "privatization" of public space, which
weakens residents' willingness to use such a public open space and reduces their satisfaction
with the accessibility of public open space. The "privatization" of public space also reduces the
overall vitality of the city.

e  The proportion of people who are "very satisfied" with the accessibility of some individual
research areas is significantly higher, or the proportion of people who are "dissatisfied" with the
accessibility is significantly lower, with the range of change fluctuating from 10% to 30%. The
reasons for this are as follows: First, the public open spaces designated in the GIS quantitative
results are not recognized by the survey respondents, and the survey respondents are not willing
to use these public open spaces. The public spaces that were included in the study scope when
the two-step mobile search method was conducted were found in the field survey to be less
attractive to the survey respondents even though they are easily accessible in space and time
due to poor environmental quality, lack of relevant activity facilities, or occupation by parking
lots. Secondly, due to the management measures of certain neighborhoods or public open
spaces, certain paths or entrances and exits are closed, leading to a decrease in residents'
accessibility satisfaction. In order to reduce management costs, some property management has
closed certain access routes in some neighborhoods, and residents must take a long detour to
reach the public open spaces around their neighborhoods.

e In the research area around the university-type public open space, the proportion of people
indicating "very satisfied" accessibility is significantly lower, and the function of the university-
type public open space is not fully reflected. For security reasons, the university campus has set
up security guard booths at all the entrances and exits and conducts identity checks on
suspicious people, which protects security but, at the same time, gives a psychological hint of
"rejection” to citizens who intend to enter the campus.
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5. Conclusions

5.1. Analysis of factors influencing accessibility to public space

Compared to the GIS quantitative evaluation results, the field research results show that
Nanshan residents are more satisfied with the accessibility of public open space. Based on the
analysis of the satisfaction situation in different research areas, the factors influencing residents’
satisfaction of the accessibility of public open space are summarized as follows:

e The attributes of a public open space affect the accessibility satisfaction of residents. Larger
public open spaces with better environmental quality are more attractive to residents, which can
increase the willingness of residents to take extreme walking time and the service scope of these
public open spaces. In addition, the number of entrances and exits of a public open space affects
accessibility; the more entrances and exits, the better the accessibility.

e The layout pattern of public open spaces in the city affects residents' accessibility satisfaction.
Firstly, large-scale, municipal district-level public open spaces are indispensable in the city, and
this level of public open space constructs the framework of the open space system of the whole
city. Such large-scale public open spaces should be arranged on both sides of urban arterial roads
to be convenient for residents to reach by public transportation or by car, and overpasses and
sidewalks should be built at appropriate locations. Secondly, community-level public open
spaces have a higher spatial service capacity, which can serve more residents, and should be
arranged on both sides of urban branch roads or lower-level roads to reduce the blocking effect
of urban arterial roads, which can reduce the barrier effect for residents. Moreover, the area of
this level of public open space should not be too large, and such public open spaces should be
evenly distributed around residential areas so that they are convenient for residents to reach on
foot in a short time.

e  The structure and density of the urban road network affects accessibility satisfaction. The road
network structure of "narrow roads and dense road network" can provide a better walking
experience and improve the walking accessibility of residents to a public open space, and the
periphery of a public open space should be divided into small blocks as much as possible to
increase the density of the road network so as to provide multiple walking paths to reach the
public open space and diversify the streetscape interfaces.

e  Users' walking tolerance time and preference for the type of public open space affect accessibility
satisfaction. This study shows that users with a longer walking tolerance time are more satisfied
than those with a shorter walking tolerance time, and that the attractiveness of a public open
space can be enhanced by improving the environmental quality of the public open space and
enriching the walking experience by connecting the streets of the public open space to prolong
the walking tolerance time of users.

5.2. Applications

First of all, from the perspective of system construction, China’s statutory plans have made
detailed provisions on the nature of urban land use, development intensity, and supporting facilities,
and are planning documents with legal effect. It is crucial to guarantee the formulation and
implementation of these statutory plans according to the law, and to implement the land-use
arrangements for Class G land use, namely green space and plaza land use in actual urban
construction, so as to strengthen the compliance with the rule of law in urban planning, and to
increase public awareness and participation in urban planning.

Secondly, from the perspective of management services, it is important to strengthen the
maintenance and management of the stock of green space, improve the service level of the built green
space, provide more complete activity facilities for the public by increasing financial investment,
actively listen to the public's opinions and suggestions in the process of day-to-day management, and
build a more empirically grounded public open space. In addition, it is necessary to seize the
opportunity of the rapid development of urban renewal in Shenzhen to strengthen the construction
of public open space in old residential areas, old industrial areas, and urban village areas.
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Finally, in terms of spatial design, the construction of a miniaturized and decentralized layout
of community-level public open space for high-density urban areas is valuable, which advocates for
the construction of pocket parks. Pocket parks have the characteristics of flexible seating, small area,
and discrete distribution, and they can appear in large numbers in the city in a seamless manner,
which, for a city of high-rise buildings, is like an oasis in the desert; they can improve the urban
environment to a large extent, while partially solving the problem of people’s demand for public
open space in high-density urban centers at the same time. It is also important to improve the quality
of the environmental landscape, enrich the plant configuration, increase the number of interesting
landscape vignettes, create a dynamic waterfront landscape, focus on creating high-quality open
spaces, and improve the attractiveness of existing public open spaces to the public. In addition, we
should respond to the national call to increase the density of the road network around large-scale
public open spaces, advocate for the road network structure of “narrow road, dense road network”,
open the walls of closed neighborhoods, enhance the micro-circulation of pedestrian traffic, improve
the accessibility of residents on foot, and facilitate the sharing of the green space resources in the city
to the greatest extent possible.
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