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ABSTRACT

Urban public green spaces significantly impact
public health level, where physical, social, and
recreational outdoor activities play an important
role in improving people’s physical and mental
health. In this paper, a total of 35 samples of small
public green spaces were selected, and the data

of built environment factors and healthy activities
of each sample were collocted through ArcGIS
analysis, field survey, and mapping. This paper
then analyzes the impact of built environment
factors on public healthy activities from a planning
and design perspective by establishing a ridge
regression model, which adopts location factors
and functional / spatial factors in small public
green spaces as independent variables, and the
frequency density of healthy activities as dependent
variables. The research reveals that: To location
factors, the small public green spaces located
near dense residential areas have a much greater
impact on promoting public health activities than
the ones sitting in dense mixed land use areas;

To functional / spatial factors, facilities are the
dominant factor that positively impacts users’
healthy activities, particularly the seating density;
Reasonably designed small public green spaces or
the ones with more open interfaces can effectively
encourage people’s healthy activities, while which
would be significantly decreased when the green
space rate or the path density is excessively high.
Finally, the paper proposes suggestions on the
planning and design of small public green spaces.

KEYWORDS

Small Public Green Spaces; Public Health; Built
Environment; Location Factors; Spatial Elements;
Nanjing City
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1 Introduction

The speedup in people’s pace of living and working in modern
cities have exacerbated their sedentary and mentally-stressed
status. Internet-based services such as food delivery, online
shopping, and telecommuting, as well as the lack of green
spaces due to the high-density urban construction, have also
reduced residents’ opportunities to access public green spaces
and do outdoor activities. Recent studies proved that green
spaces are highly correlated with public health level!, and the
natural resources within the green spaces can improve people’s

recovery” !’

, relieve stress'*, and recover attention”'; the built-
up environment can also encourage people’s sports® and social
activities'”. Michiel van den Berg et al. surveyed 4 European
cities and found that the increase in the time of accessing green
spaces can effectively promote people’s mental health and
vitality®. A study by Abdullah Akpinar in Turkey shows that the
distance and quality of the closest urban green space to people
would impact the frequency of their sports activities: the higher
the frequency and the longer the duration of sports activities, the
better the mental and physical health of people will be. Jolanda
Maas et al. conducted a study in the Netherlands by recording
residents’ social connections and health status and verified the
positive correlation between the size of green spaces in daily
environment and the benign social relations and that social
relations can affect public health level”’. These studies all prove
that public-health activities in green spaces, including exposure
to nature, fitness exercise, and social and recreational activities,
are important to increasing people’s physical, mental, and social
health level”.

Encouraging residents to use public green spaces and to
participate in physical, social, and recreational outdoor activities
that help improve people’s physical and mental health (“healthy
activities” hereafter) has become an important part of China’s
Healthy City Construction. To improve the nation’s green space
system, in 2017, the Ministry of Housing and Urban-Rural
Development put forward that “the distribution of urban parks
and green spaces should be optimized following the requirements
of residents can see green spaces within a walking distance of
300 meters and can access parks or gardens within a walking
distance of 500 meters.”"” However, it is impracticable to create
large-scale parks in built-up urban areas where land resources
are limited. So far, China’s urbanization has shifted from
incremental development towards inventory regeneration'"
and small public green spaces such as community gardens and
pocket parks can be used to improve urban public green space

systems and to meet citizens’ demand for daily activities.
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In-depth studies have been carried out on the impact
of green spaces on public health at home and abroad.

Currently, research on the characteristics of built

. . . e [12]~[14

environment mainly studies accessibility!"*"""*, green space
[15] [16]

coverage on a macro-scale; and

[20][21]

, and population density

also investigates greenery'”™"”, facilities , environmental

[22][23] [20][24]

quality , spatial characteristics , etc. on a site scale;

research related to urban residents’ health level covers

hi23112¢] h”1?7 and social

topics of physical healt , mental healt
health”"**, Such works of literature offer sufficient evidence
for the exploration of the single-dimension impact of the
built environment on public health.

Most of the existing studies on small public green spaces
focus on the environmental characteristics within, and the
related impact on users’ mental health. The research by
Karin K. Peschardt et al. on 9 small public green spaces

in Copenhagen, Denmark revealed that the reasons for
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people’s usage are directly related to their needs for daily
social interaction and refreshment, and that their visit
frequency is negatively related to the walking distance!*.

The research by Tan Shaohua et al. proved that the color,
type, and mass of natural landscapes of a given park would
greatly impact users’ stress relief'”. Zhang Xiao et al.
analyzed the green spaces on the streets of Wuhan City
with post-occupancy evaluation methods and found out
that the urban green rate, urban green coverage rate, and
the design of recreational and landscape features would
largely impact user satisfaction”", Existing studies on small
public green spaces mostly adopted investigation forms of
interviews and questionnaires, with more attention paid to
the impact of the quality of small public green spaces on
people’s feelings and satisfaction. For associated planning
and design practice, this paper analyzes the impact of
manipulable elements of built environments on public
healthy activities by establishing a ridge regression model,
which adopts location factors and functional / spatial factors
in small public green spaces as independent variables, and

the frequency density of healthy activities as dependent
variables, to quantify the correlations (Fig. 1) and then
proposes improvement strategies to promote healthy
activities.

2 Study Area and Sample Selection

This research studies the old city center of Nanjing,
Jiangsu Province. The study area is defined by the Ming
Dynasty City Wall, the outer Qinhuai River, the moat, and
the Xuanwu Lake, covering a total area of nearly 43 km”
(Fig. 2). The study area is not only a place of rich regional
historical and cultural resources but also a place of mixed
land uses, homing a large population and gathering a lot of
high-rise buildings'”.

According to the common size of pocket parks and
community gardens, the area of the small public green
spaces selected in this research ranges from 0.04 hm”to
1 hm?"". To ensure that the samples are representative and
diverse in location and functional / spatial characteristics,
sites such as waterfront green spaces, community squares,
historical or cultural heritages, and street gardens in each
administrative district of the study area were selected
(Fig. 2). Finally, a total of 35 samples were selected, 9 in
Gulou District, 8 in Xuanwu District, and 18 in Qinhuai
District, all of which are small public green spaces where
citizens can access, stay, and play around (Table 1).
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Table 1: Basic information of the surveyed samples in the research

HARS E= ESis) [ HARS SR ESic) mil
Sample No. Sample Name Type Area (hm?) Sample No. Sample Name Type Area (hm?)
’ #RERILAEIE TRK 0.46 AU R R EE ST A A R RIK
North Square in Railway North Street Waterfront 18 Park at the intersection of Yixianqgiao and Longpan | Waterfront 0.11
Middle Road
, S oK 023
South Square in Railway North Street Waterfront TR 7 B /'K
19 Xihua City Gate Relic Square Historical / 0.75
ZERAHSEEBRTAT B I E IR R cultural heritage;
3 Square at the intersection of Sanpailou Street and | Street garden 0.12 waterfront
Fujian Road
REINRI 5 XA / EK
4 =R AEIRIE B HXEF 0.05 2 Donghua City Gate Relic Square Historical / 0.61
Roadside Square in Sanpailou Street Community square cultural heritage;
waterfront
ZIERER ST RIK
5 Square at the intersection of Sanpailou Street and | Waterfront 0.10 2 BAFL R /A R IR R 0.32
Mofan Road Mingwalang Park Street garden
BRES B AT E DR S b SR it IR KR BT X ARE HXIE
6 Green space at the intersection of Railway South Street garden 0.09 22 Baixia Community Park Community 0.13
Street and New Mofan Road square
BUFNEE 41 B 2T A JE M A IR KR TR B BA A B S L A A TRIK
7 The park north to the intersection of Yihe Road Street garden 0.07 23 Park at the intersection of Jiefang South Road and | Waterfront 0.14
and Guling Road Mingyuhe Road
BUANBRIRIPEE ST A 2Rt ARCES) BBECEAEE 5 RIK
8 Green space at the intersection of Yihe Road and Community square 0.07 2 Square of Riverside Park on Jianye Road Waterfront 0.27
Langya Road
25 peallifpiamp) e i s RIK 015
. HMEE — Skt IR R 0.05 Park to the west of Riverside Park on Jianye Road | Waterfront ’
Green space in the No.2 Compound of Yangzhou Road Street garden i
B UBER A RIK
A A JEIK 2 Riverside Park on Jianye Road Waterfront 0.19
10 Park to the west of Peace Park Waterfront 057
HREXMAMXKT AXIERD
" i3z yid IR IR 0.24 27 Square of Chaotiangong Cultural Community Community 0.39
Mei An Garden Street garden i square
Fh SRS 05 RIK 28 KA IR IR 0.19
12 Green space at the No.1 exit of Fugiao Metro Waterfront 0.31 Square to the north of Shuiximen Street garden ’
Station
2 KETEW 5 RIK 0.55
F RG2S O & SEIK Square to the west of Shuiximen Waterfront
13 Green space at the No.2 exit of Fugiao Metro Waterfront 0.36
Station 20 SRR RIK 0.48
Cultural Square on Laifeng Street Waterfront
RFALBRBSTERZOCAA RIK
14 Park at the intersection of Taiping North Road and | Waterfront 0.15 3 LSR5 TEIK 0.13
Zhujiang Road Xianhegiao Square Waterfront
520FEEHE T mExi TIEARFIEALX 35 AHXIESD
15 May 20 Movement Memorial Square Historical / 0.36 32 Square of Shuangtang Taipingyuan Community Community 0.08
cultural heritage square
PR SH R 5 IR IR EKIHERE mExi
16 Square at the intersection of Zhongshan East Street garden 0.23 33 Jigingmen Park Historical / 0.56
Road and Hongwu North Road cultural heritage
SIS REENT S IR IR " KibHEIME RIK 0.28
Square to the southwest of Jiangnan Weaving Street garden 0.17 Green space to the north of Dayoufang Alley Waterfront ’
17 Bureau
KimhEr ML RIK
3 Green space to the south of Dayoufang Alley Waterfront 0.04
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3 Data Acquisition and Research Methods

The research consists of two parts: the first part is to
determine the indicators and the quantitative methods to be
employed based on literature review and field investigation, and
to collect data through scanning shooting records, mapping,
and ArcGIS analysis; and the second part is to establish a ridge
regression model with IBM SPSS statistics, which adopts the
data of built environment elements in small public green spaces
as independent variables and the data of healthy activities
observed in the sites as dependent variables, and then to analyze
the results.

3.1 Impact Factors Selection and Quantitative Methods
3.1.1 Location Factors

This research mainly explored the impact of residential
population, functional / spatial distribution, and surrounding
green space layout within the service radius of the small
public green spaces on users’ healthy activities. This research
determined the distance of 500 meters as the service radius of
each sample (Fig. 3), and a road network analysis model of
the City of Nanjing was constructed with the aid of ArcGIS.
The factor of the total residential building area (L1) within
the service radius of each sample was used to characterize
the residential population. The density of Point of Interest
(POI) within the service radius (L2) was used to characterize
the functional / spatial distribution. The overall impact of
the surrounding green spaces (L3) was quantified with the

[311132]

calculation formula as follows:

S A
L3,=y* N Kk
k=1 an

where k is the total number of surrounding public green
spaces, n is the serial number of a given surrounding green
space, Sy is the size of a given surrounding public green space,
A, is the service coverage of the surrounding public green space,
D,, is the shortest walking distance from the surrounding public
green space to the sample, and L3, is the sum of the values of all

the surrounding public green spaces’ impact on the sample.

3.1.2 Functional / Spatial Factors

This research selected 4 indicators of spatial characteristics,
including the area of a small public green space (S1), green
rate (S2), path density (S3), and spatial use diversity (S4), to
study the impact of functional / spatial factors of the samples
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on users’ healthy activities. Due to the hard pavement ratio is
usually negatively correlated with green space rate, it can be
evaluated by S2 as well. Path density (S3) refers to the ratio

of the total length of the paths of a given sample to its total
area. Concerning the last indicator, a sample was divided into
several functional / spatial zones (hard pavement square, tree-
side open space, waterfront, trails, fitness facilities, and shaded

recreational facilities)*"

, and the spatial use diversity (S4) of a
sample means the density of such functional / spatial zones.
Given that the small public green spaces in Nanjing are
often located in streets or adjacent to buildings and rivers,
and the entranced are often connected with streets, in this
research 3 indicators of the interface were analyzed, including
waterfront ratio (E1), street-front ratio (E2), and openness (E3).
Specifically, the indicator of openness (E3) refers to the ratio
of the length of the open interface of a given sample to its total
interface length.
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research.
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In terms of that almost all the samples are equipped with
trash bins and barrier-free entrances, this research only studied
the impact of the distribution of recreational, fitness, and
lighting facilities on users’ healthy activities. Selected indicators
include opening seating density (Fla), shaded seating density
(F1b), number of fitness facilities” (F2), and lighting facility
density (F3).

3.2 Quantitative Methods to Analyze Health Activities
In this research, users’ multiple instantaneous frequency of

5153 during peak hours in the samples were

healthy activities
studied. This method examined both the duration and frequency
of healthy activities, that is, the longer the duration and the
higher the frequency of healthy activities are, the higher the
probability of the healthy activities and the stronger the impact
on public health will be. The data of frequency density of healthy
activities (the ratio of the frequency of healthy activities observed
on the site to the total area of the site, hereafter referred to as
FDoHA) in the samples were used as the dependent variables
avoiding the interference of the site scale. Finally, this research
examined the corresponding impact pattern of each built
environment element on users’ healthy activities in type, period, and
user group. To be specific, the types of healthy activities included
fitness exercises (dancing, Tai Chi, fitness with equipment, running,
walking, race walking, dog walking, etc.), social and recreational
activities (chess and card playing, singing, musical instruments,
etc.), and relaxing and leisure activities (resting, fishing, bird
watching, etc.). The investigated periods included morning hours
(7:00 ~ 10:00), afternoon hours (14:00 ~ 17:00), and evening
hours (18:00 ~ 21:00). The user groups were surveyed by gender
(female users and male users) and by age (children, young

and middle-aged, and elderly). The study analyzed FDoHA on
weekends, weekdays, and daily average (the average of both) to
disclose the impact patterns of built environment elements on

users’ healthy activities.

3.3 Data Collection

The survey was carried out from mid-September to mid-
November, 2019 on weekdays and weekends with soothing weather
(not raining or hazy) and comfort temperature (15 ~ 25°C). The
observation was conducted in open-view places in each sample
during the morning, afternoon, and evening hours of a weekday
and a weekend, and the scanning shooting records™” were
carried out once an hour. So that 18 sets of data were collected
for each sample, and totally 630 sets of FDoHA data were
acquired. The research then mapped the built environment

elements and calculated the value of each indicator.
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The ridge regression
parameter Kis a
penalty term added

on the ordinary least
squares function in
order to reduce the
influence of collinearity
on the regression
equation. As the value
of Kincreases, the
influence of collinearity
will gradually decrease,
but the deviation of

the equation will also
become larger, so it is
necessary to choose an
appropriate value of K to
establish the equation.
In this paper, the ridge
trace plots are used

to select the critical
point value at which
the ridge estimation
change trend of each
regression coefficient
on the ridge trace plot
basically stabilizes as
the Kvalue.
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4 Research Results and Analyses

According to the research results of FDoHA, the difference
between weekdays and weekend in each sample was not significant
(Fig. 4). The reason is that the users of small public green spaces
are mainly retired or unemployed people (including children). The
frequency and periods of their daily usage of small public green
spaces are relatively fixed. The research results evidenced the
significant differences in activity periods, types, and user groups in
each sample, so further comparative analysis was conducted (Fig. 5).

4.1 Ridge Regression Model Building

The data of 14 independent variables and dependent variables
were standardized to establish a comprehensive model of built
environment elements and daily average FDoHA. First, the multiple
linear regression model was used to verify the collinearity between
the variables. The values of variance inflation factors (VIF) of
several variables were higher than 4%, showing a moderate degree
of multi-collinearity. The research then adopted a ridge regression
model® to generate ridge trace plots on all the variables and
eliminated the independent variables whose standardized ridge
regression coefficient was relatively stable and whose absolute value
was small, and the independent variables whose ridge regression
coefficient was unstable and whose inflation approaches to zero™’.
The ridge trace was re-analyzed after each time of the variables
being eliminated. Finally, L1, 1.2, L3, S2, S4, E2, E3, Fla, and
F1b were retained in the model, and a clear ridge trace plot was

obtained. Showing in Figure 6, when the K value reaches about 0.3,



#2: SATEEIUERER (BetaRH. EIFE5SH)

Table 2: Regression model results on each dependent variable (Beta coefficients, model indices, and parameter)

SENSFER B ERAFEIREY ABHSEEE
Types Time periods User groups
T8 BRE
Variables Daily average [ e HRIRE FFEIRE 5 T %&ia) egid St JLE hEE ZEA
Fitness Social and Relaxing and Morning Afternoon Evening Female Male Children Young and Elderly
recreational leisure middle-aged
L1 0.144* 0.092 0.132 0.103 0.183** 0.095 0.124 0.219** 0.139* 0.154*
L2 -0.134* -0.129* -0.116 -0.162* -0.095 -0.082 -0.183** -0.149* -0.092 -0.143*
L3 -0.105 -0.095 -0.113 -0.115 -0.121 -0.108 -0.1M1 -0.098 -0.127 -0.092
S2 -0.208** -0.148* -0.150 -0.168** -0.156* -0.260%** -0.187*** -0.128 -0.239*** | -0.170*** | -0.203** -0.208**
S3 -0.106 -0.123* -0.104 -0.254***
Sk 0.108 0.199*** 0.196** 0.165* 0.125* 0.145* 0.282*** 0.103 0.09
E1 0.113 0.116 0.119*
E2 0.147* 0.103 0.183** 0.123 0.121 0.144** 0.145* 0.122 0.139** 0.2** 0.122
E3 0.198** 0.218*** 0.195* 0.168** 0.295%** 0.137 0.252%** 0.234%** 0.159* 0.138** 0.169** 0.209**
Fla 0.267*** 0.291%** 0.326*** 0.180** 0.243*** 0.286*** 0.299*** 0.291%** 0.254*** 0.18*** 0.283*** 0.262%**
F1b 0.232%** 0.153** 0.199* 0.340%** 0.170** 0.2871*** 0.163** 0.198** 0.275%** 0.205%** 0.198** 0.231%**
F2 0.180** 0.107 0.162**
F3 0.173** 0.124*
N 35 35 35 35 35 35 35 35 35 35 35 35
R’ 0.755 0.825 0.454 0.766 0.684 0.699 0.844 0.737 0.681 0.870 0.744 0.717
adj.R’ 0.667 0.729 0.359 0.694 0.570 0.607 0.748 0.642 0.583 0.807 0.652 0.615
F 8.560 8.620 4.817 10.642 5.999 7.565 8.759 7.765 6.947 13.959 8.085 7.026
p 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.30 0.32 0.28 0.29 0.33 0.25 0.33 0.34 0.29 0.28 0.30 0.33

iE
*#kp<0.1; *FKp<0.05; **HKFkp<0.01.

NOTE
*means p < 0.1, ** means p < 0.05, *** means p < 0.01.

TR, OB 0.3 8 7. H A HEs St s 1 Il 75 7
K AR SRR G S | B (A A e sl AR
AT E MR R, DL i e T A B OR B R R AL i A T
ZESt. abrias (R2) , BRGURAA G2 L Jrimla I
RABR) , SRR IZ7 R N A% o PR E St () S R 7 s AR R Beta R
Wodoss , FoR o A R RV R s AR plE U, s
TR R R . R ORII AL i, R IR LRI 305 1T B B
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the ridge trace of each variable begins to stabilize, so the value
K = 0.3 was used to establish the regression equation to analyze
the daily average FDoHA.

Through the regression analysis, the models on specific
characteristics between the variables and different activity
types, periods, and user groups were established, and the
retained variables in each model were varied. The modeling
results (Table 2) were statistically significant. The higher the
R’ value is, the stronger the total explanation effectiveness of
independent variables on the dependent variable; the higher
the Beta coefficient of the variable is, the stronger its influence
on the dependent variable will be; the lower the p-value of the
variable is, the higher its significance will be. The variables
which are not displayed in Table 2 are the ones eliminated

based on ridge trace plots.
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4.2 Model Analysis

The fit of the comprehensive model is good, and the total
explanatory effectiveness of each variable reaches 75.5%.
Showing in Figure 7, the factors that have a positive impact
on the daily average FDoHA are, by the importance (Beta
coefficient), F1a (0.267), F2a (0.232), E3 (0.198), E2 (0.147), L1
(0.144), and S4 (0.108). The factors showing a negative impact
are S2 (-0.208), L2 (-0.134), and L3 (-0.105). Although factors
of S1, S3, E1, F2, and F3 did not show their significance in the
comprehensive model, their impact on FDoHA can be studied
with other specific models.

Among the models on specific characteristics employed in
this research, both positive and negative correlations of each
variable were consistent with that in the comprehensive model,
which verified the reliability of the model. The significance
and influence degree of several variables varied in multiple
specific models, suggesting that there was a disparity in the
dependence and sensitivity of different characteristics on the built

environment elements of small public green spaces.

4.2.1 Analyses of Location Indicators
1) L1 had a positive impact on FDoHA in all models,
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indicating that more healthy activities would occur in the sites
neighbouring dense residential areas. This was especially obvious in
the afternoon hours (0.183) when social and recreational activities
(0.132) were mostly observed. Male users (0.219), as main players
in chess and card games, were the users who most require playing
venues neighbouring residential areas.

2) L2 presented a negative impact on FDoHA in all models.
The users of the mixed land use areas (e.g. office, catering,
commercial, recreation, and entertainment) are mainly office
workers, students, and tourists, who less visit small public green
spaces in frequency and duration. This was most significant on
weekdays (-0.14), in the afternoon hours (-0.162), and for the
fitness exercise activities (-0.129).

3) L3 showed a slight negative impact on FDoHA in every
model. The reason might be that though surrounding green
space clusters would attract more visitors, periods and weather
conditions would impact people’s choice of on-site visit and the
type of activity. This finding also suggests that densely distributed
small public green spaces also show competition with each other.

4.2.2 Analyses of Functional / Spatial Indicators
1) S2 showed a negative impact on FDoHA in multiple models.
Although vegetation helps improve micro-climates that benefit to

%I, a higher ratio of green space

the site’s environmental quality'
might lead to a reduction of the ratio of hard pavement area,
resulting in the lack of places for people’s activities and a decrease
of FDoHA in the site. The research found that in some samples
the activity places and seating areas are combined with small tree
pools, which not only increases the vegetation coverage on the site
but also ensures the size of activity spaces and helps improve the
comfort level, encouraging the occurrence of healthy activities.

2) S4 has no obvious impact on the daily average FDoHA in
the comprehensive model, but it has a significant positive impact
on fitness exercise activities (0.199) and relaxing and leisure ones
(0.196). The sites with a higher spatial use diversity would have
a greater promotion on health activities in the morning (0.165)
and evening (0.125) hours and attract more children (0.282) and
female users (0.145).

3) S3 had a significant negative impact on FDoHA of children
users (-0.254). The reason might be that the path system within
the samples would not continually attract children users, who are
more likely to be attracted by open playgrounds or other playful
elements such as fitness facilities. S3 showed little significance in
the comprehensive model because that continuity of the paths
in most samples are poor and only used for passing through.
However, in some waterfront samples, the path systems within are

also an important part of the city’s waterfront trail system, which
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have better continuity and can encourage the occurrence of
walking, running, dog walking, and other activities.

4) S1 did not show a significant impact on FDoHA in any
model, suggesting that small public green spaces, no matter
of their scales, can promote public-health activities through
reasonable layout design. In Hong Kong, China, for example,
although the per-capita area of public spaces of Hong Kong
residents is only 1.5 m’, the city provides them with recreational
natural resources of sound service facilities, quality and
attractive environmental elements, and diversified spatial types

to increase the city’s public green spaces"’’.

4.2.3 Analyses of Interface Indicators

1) Among all the interface indicators, E3 had the most
significant positive impact on the daily average FDoHA,
indicating that open sites are more attractive and safer to users.
Samples with open interfaces have a higher occurrence of fitness
exercise (0.218) and invite more people to visit and use the site,
which is especially obvious in the morning hours (0.295) and
evening hours (0.252) when gathering fitness exercise activities
(e.g. square dance) were mostly observed, and also for female
users (0.234).

2) E2 reflected a positive impact on the daily average
FDoHA, being significant on relaxing and leisure activities
(0.183) and in evening hours (0.144). Samples with a
higher street-front interface ratio are mostly located at road
intersections and have good accessibility, and such interfaces
would invite passers-by for relaxation. At night, small public
green spaces with a higher street-front interface ratio are often
much safer.

3) E1 showed little sign of the impact on FDoHA in the
comprehensive model, but it had promotion to fitness exercise
activities (0.113) in the morning (0.116) and evening (0.119)
hours, suggesting people have a higher preference to exercise
in venues with good waterfront landscapes. However, during
the field survey, some problems were found in some samples
such like the riverfront landscapes were not well used as
activity places, the sunken waterfront trails are designed in
a large elevation difference with its activity spaces, or the
viewing platforms are too small, resulting in low utilization of

waterfront sites.

4.2.4 The Impact of Facility Indicators

1) F1 had a very significant positive impact on FDoHA in
the comprehensive model and each specific model. Relaxing
and leisure activities were observed a stronger correlation with

F1b (0.340); fitness exercise activities were found more being
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subject to Fla (0.291); social and recreational activities were
found being largely subject to both Fla (0.326) and F1b (0.199);
and particularly, in the afternoon hours, F1b (0.281) significantly
defined people’s activities.

2) F2 did not have a significant impact on the daily average
FDoHA, but it had a significant positive correlation with fitness
exercise activities (0.180) and was often widely used by children
(0.162). Fitness facilities found in the surveyed samples were
frequently used.

3) F3 significantly promoted FDoHA in evening hours (0.173)
and had a positive impact on FDoHA of children users (0.124).
The layout of lighting facilities in an appropriate density can
sufficiently improve the comfort and safety for users’ activities at
night, especially for children and their parents.

5 Conclusions, Discussion, and Suggestions

5.1 Conclusions and Discussion

1) Reasonably designed small public green spaces can effectively
encourage citizens’ fitness exercise, relaxing and leisure activities,
and social and recreational activities, promoting people’s physical,
mental, and social health.

2) To location factors, the small public green spaces located near
dense residential areas have a much greater impact on promoting
public health activities than the ones sitting in dense mixed land
use areas. Although the other clustered surrounding green spaces
can diversify citizens’ activity opportunities, the competition exists
between individual green spaces in the occurrence of public-health
activities.

3) To functional / spatial factors, facilities are the dominant
factor that impacts users’ healthy activities. The increase in
the density of open seats and shaded seats would promote the
frequency of healthy activities; the existence of fitness facilities can
greatly encourage the occurrence of fitness exercise and children’s
healthy activities, appropriately distributed lighting facilities can
help increase FDoHA at nights. The layout and distribution can
also largely impact users’ frequency of health activities: FDoHA
would be significantly decreased when the green space rate is
excessively high, so does the path density to children users; the
spatial use diversity of a small green space is in a significant positive
correlation with the frequency of fitness exercise and relaxing and
leisure activities. Interface factors would also considerably impact
public healthy activities: small public green spaces with more open
interfaces and a higher street-front ratio would better encourage
people to visit and do healthy activities, and the waterfront
interface ratio is positively correlated with FDoHA in the morning

and evening.
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This study mainly focuses on the impact of built environment
elements of small public green spaces on public-health activities.
The research results on certain indicators are quite different
from the existing research that studies the questionnaired
performance with the same indicators. For example, this research
evidence that FDoHA has a negative and positive correlation
with the green space rate and the open interface ratio of small
public green spaces, respectively; However, the results of other
related quantitative studies prove that the green space rate, and
the intimacy and tranquil level of small public green space are

[21]

positively correlated with people’s satisfaction'”" and the degree

of stress relief"”. This implies that some elements would promote
people’s actual occurrence of healthy activities, but oppositely
affect the users’ feelings and evaluation. In design practice, to the
areas where public green spaces are in short supply, the creation of
green spaces should be prioritized; to the areas of a relatively high
green space rate, the improvement of the quality of the green space
should be prioritized. Due to the focus of this research, as well

as the insufficiency in determining value ranges of each indicator,
efforts are expected to further explore on certain elements of small

public green spaces by increasing the size of studied samples.

5.2 Suggestions on the Planning and Design of Small Public Green
Spaces

The location, size, type, and layout of small public green space
should give considerations of the accessibility and real activity
demands of potential users. To dense residential areas, the size and
quantity of activity venues should be guaranteed, and to mixed
land use areas, the optimization of environmental quality should
be emphasized. In addition, the design of small public green spaces
should be complementary with the surrounding green spaces
to improve the city’s green space network and to leverage the
promotion of the public health level. Furthermore, designers need
to pay their attention to the following aspects:

1) In terms of spatial configuration, designers should ensure
the sufficiency of activity spaces and the diversity of spatial
uses to meet the various needs of different users. In planting
design, tall trees can be planted in combination with relaxing
facilities and activity spaces, the greenery coverage ratio should
be appropriately increased while avoiding the creation of large
inaccessible green spaces, and the path system should be designed
in an appropriate density and well connected with the surrounding
urban trail system.

2) To the interface design, it is necessary to ensure the
openness of the site, and is advisable to set barrier-free accesses in
the street with large pedestrian flows; designers also need to make

full use of the waterfront landscape to arrange relaxing and fitness



IR S ) A F R e St B D, B PRAIE I K I 2l 37 A L 5 25 o

RS S5 1

3) TESEH D REBERET , AT E TR M SNAERT, 2R AR AT
DI m kg G B R T SR AR R R B, FIHIAEIR %
TR St I o A AR T R Ay A AR A R R B PR B s A
AR B AR SREL RS AT 5 L S e b 5l LS P T ) BRI B, R IR (]

Gy IR L RE S I A HEE B K . LAF

REFERENCES

facilities, and guarantee the size of waterfront activity places to

encourage users’ healthy activities.

3) To improve the facilities of small public green spaces,
the sufficiency of outdoor seats should be prioritized, and
wooden seats should be used to improve the users’ comfort"*!,
a variety of recreational facilities should be provided as much
as possible””. For example, seats and shaded relaxing facilities

can be organized in clusters in combination with flower beds

and tree pools; fitness facilities should be installed in groups

with trees and seats; lighting facilities should be designed in an

appropriate density to ensure the illumination and increase the
safety of the site at night. LAF

[11 Yao, Y., &Li, S.(2018). Review on Research of Urban
Green Space Based on Public Health. Chinese
Landscape Architecture, 34(1), 118-124. doi:10.3969/
j.issn.1000-6664.2018.01.029

[2] 0O'Connor, G. T, Neas, L., Vaughn, B., Kattan, M., Mitchell, H.,
Crain, E. ., ... Adams, G. K. (2008). Acute respiratory health
effects of air pollution on children with asthma in US inner
cities. Journal of Allergy and Clinical Immunology, 121(5),
1133-1139. doi:10.1016/j.jaci.2008.02.020

[8] Ma, M., & Cai, Z. (2016). Research on Health and Urban Green
Open Space—Health Benefits and Design Strategy. Chinese
Landscape Architecture, 32(11), 66-70.

[4]  Ulrich, R. S. (1984). View through a Window May Influence
Recovery from Surgery. Science, 224(4647), 420-421.
doi:10.1126/science.6143402

[5] Kaplan, S. (1995). The Restorative Benefits of Nature:
Toward an Integrative Framework. Journal of Environmental
Psychology, 15(3), 169-182. doi:10.1016/0272-4944(95)90001-2

[6] Coutts, C., Horner, M., & Chapin, T. (2010). Using geographical
information system to model the effects of green space
accessibility on mortality in Florida. Geocarto International,
25(6), 471-484. doi:10.1080/10106049.2010.505302

[7]1  Maas, J., Van Dillen, S. M., Verheij, R. A., & Groenewegen, P.
P. (2009). Social contacts as a possible mechanism behind the
relation between green space and health. Health and Place,
15(2), 586-595. doi:10.1016/j.healthplace.2008.09.006

[8] Vanden Berg, M., Van Poppel, M., Van Kamp, |., Andrusaityte,
S., Balseviciene, B., Cirach, M., & Smith, G. (2016). Visiting
green space is associated with mental health and vitality:

A cross-sectional study in four European cities. Health and
Place, (38), 8-15. doi:10.1016/j.healthplace.2016.01.003

[9]1  Akpinar, A. (2016). How is quality of urban green spaces

associated with physical activity and health?. Urban

Forestry and Urban Greening, (16}, 76-83. doi:10.1016/

j.ufug.2016.01.011

Ministry of Housing and Urban-Rural Development of the

People’s Republic of China. (2017). Guiding Opinions on

Strengthening Ecological Restoration of Urban Repairing

Work. Shanghai Building Materials, (2), 4-7. doi:10.3969/

j.issn.1006-1177.2017.02.003

Xu, X., Xu, X., Guan, P., Ren, Y., Wang, W., & Xu, N. (2018). The

Cause and Evolution of Urban Street Vitality under the Time

Dimension: Nine Cases of Streets in Nanjing City, China.

Sustainability, 10(8), 2797. doi:10.3390/su10082797

Peschardt, K. K., & Stigsdotter, U. K. (2013). Associations

between park characteristics and perceived restorativeness

of small public urban green spaces. Landscape and Urban

Planning, (112), 26-39. doi:10.1016/j.landurbplan.2012.12.013

Peschardt, K. K., Schipperijn, J., & Stigsdotter, U. K. (2012).

Use of Small Public Urban Green Spaces (SPUGS). Urban

Forestry and Urban Greening, 11(3), 235-244. doi:10.1016/

[10]

[111

[12

[13

092

[14]

[15]

[16

[17]

[18

[19

[20]

[21]

[22

[23

[24

[25

[26]

j.ufug.2012.04.002

Nielsen, T. S., & Hansen, K. B. (2007). Do green areas affect
health? Results from a Danish survey on the use of green
areas and health indicators. Health and Place, 13(4), 839-850.
doi:10.1016/j.healthplace.2007.02.001

Coppel, G., & Wiistemann, H. (2017). The impact of urban
green space on health in Berlin, Germany: Empirical
findings and implications for urban planning. Landscape

and Urban Planning, (167), 410-418. doi:10.1016/
j.landurbplan.2017.06.015

Xue, X. (2015). Evaluation research on service efficiency of
park green space in Nanshan district, Shenzhen (Master’s
thesis). Retrieved from CNKI database.

Nordh, H., & @stby, K. (2013). Pocket parks for people—

A study of park design and use. Urban Forestry and Urban
Greening, 12(1), 12-17. doi:10.1016/j.ufug.2012.11.003
Peschardt, K. K., Stigsdotter, U. K., & Schipperrijn, J. (2016).
Identifying Features of Pocket Parks that May Be Related to
Health Promoting Use. Landscape Research, 41(1), 79-94. doi
:10.1080/01426397.2014.894006

Tan, S., & Peng, H. (2016). A Study on Impact Factor of Vest-
pocket Park Alleviating Stress of Human. Chinese Landscape
Architecture, 32(8), 65-70.

Veitch, J., Ball, K., Crawford, D., Abbott, G. R., & Salmon,
J.(2012). Park Improvements and Park Activity: A Natural
Experiment. American Journal of Preventive Medicine, 42(6),
616-619. doi:10.1016/j.amepre.2012.02.015

Zhang, X., & Dai, F. (2010). Study on the Planning and Design
of Streetside Green Space Based on Poe Mode—Taking
Wuhan as an example. Jounrnal of Planners. 000(001), 63-66.

McCormack, G. R., Rock, M., Toohey, A. M., & Hignell, D. (2010).

Characteristics of urban parks associated with park use and
physical activity: A review of qualitative research. Health and
Place, 16(4), 712-726. doi:10.1016/j.healthplace.2010.03.003
Qian, C. (2017). Design of urban community park based on
crowd behavior and psychological health demand—Taking
the main city of Chongging as an example (Master’s thesis).
Retrieved from CNKI database.

Chen, Y., & Liu, T. (2016). Exploring the Factors that Attract
People to Visit Public Spaces of Communities: A case study
of the OCT, Shenzhen. Architectural Journal, (2], 107-112.
doi:10.3969/j.issn.0529-1399.2016.02.022

Gascon, M., Triguero-Mas, M., Martinez, D., Dadvand, P.,
Rojas-Rueda, D., Plaséncia, A., & Nieuwenhuijsen, M. J.
(2016). Residential green spaces and mortality: A systematic
review. Environment International, (86), 60-67. doi:10.1016/
j-envint.2015.10.013

Kessel, A., Green, J., Pinder, R., Wilkinson, P., Grundy, C.,

& Lachowycz, K. (2009). Multidisciplinary research in public
health: A case study of research on access to green space.
Public Health, 123(1), 32-38. doi:10.1016/j.puhe.2008.08.005

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Wood, L., Hooper, P., Foster, S., & Bull, F. (2017). Public
green spaces and positive mental health—investigating the
relationship between access, quantity and types of parks and
mental wellbeing. Health and Place, (48), 63-71. doi:10.1016/
j-healthplace.2017.09.002

Hansmann, R., Hug, S. M., & Seeland, K. (2007). Restoration
and stress relief through physical activities in forests and
parks. Urban Forestry and Urban Greening, 6(4), 213-225.
doi:10.1016/j.ufug.2007.08.004

Zhao, X. (2017). Study of the accessibility of urban park green
space based on multiple traffic modes: The case of Nanjing
old city (Master's thesis). Retrieved from CNKI database.
Chen, T., Wang, D., Shi, F., & Sun, B. (2017). Research

and application status of pocket parks in China. Chinese
Horticulture Abstracts, 33(2), 81-83. doi:10.3969/
j.issn.1672-0873.2017.02.029

Wang, D., Wang, C., Xie, D., Zhong, H., Wu, M., Zhu, W., ...

Li, Y. (2015). Comparison of Retail Trade Areas of Retail
Centers with Different Hierarchical Levels: A Case Study

of East Nanjing Road, Wujiaochang, Anshan Road in
Shanghai. Urban Planning Forum, (3), 50-60. doi:10.16361/
j.upf.201503007

Dai, J. (2019). Study on the Coupling Mechanism of the
Vitality and the Landscape Characteristics of the Street
Space in Small Block in Taipei City (Master’s thesis).
Retrieved from CNKI database.

Chen Y., & Zhao X. (2014). Research on Ground-

floor Interfaces Along Streets from the Perspective of
Pedestrians: A Case Study of Huaihai Road in Shanghai. City
Planning Review, (6), 24-31. doi:10.11819/cpr20140605a
Rovai, A. P, Baker, J. D., & Ponton, M. K. (2013). Social
Science Research Design and Statistics: A Practitioner’s
Guide to Research Methods and IBM SPSS. Chesapeake,
America: Watertree Press LLC.

Yang, N. (2004). The Unique Role of Ridge Regression
Analysis in Solving Multicollinearity. Statistics and Decision,
(3), 14-15. doi:10.3969/j.issn.1002-6487.2004.03.007

Xu, X. (2008). Influence on Urban Environment of

Open Space and Its Countermeasures of Planning and
Designing. New Architecture, (2], 95-99. doi:10.3969/
j.issn.1000-3959.2008.02.020

Xu, N., & Xu, X. (2012). Interpretation of Urban Public

Space of Hong Kong. Modern Urban Research, (2), 36-39.
doi:10.3969/j.issn.1009-6000.2012.02.007

Zheng, Q., Jin, H., & Tang, Z. (2018). Research on Rest
Facilities of Pocket Parks in Hangzhou Central Area

Based on Post Occupancy Evaluation. Chinese Landscape
Architecture, 34(S2), 114-118.

Marcus, C. C., & Francis, C. (2001). People Places: Design
Guidlines for Urban Open Space (K. J. Yu, Trans.). Beijing,
China: China Architecture & Building Press.

VOLUME 8 /ISSUE 5/ 0CTOBER 2020





