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Abstract: As a type of green infrastructure, greenways are beneficial for walking and cycling and
promote urban health and well-being. Taking the Qingshan Lake Greenway Phase One (QLG-I) Trail
in the Lin’an District of Hangzhou city as an example and based on the accessibility of points of
interest (POI) near the QLG-I Trail, a questionnaire investigation, and an importance performance
analysis (IPA), in this paper, we construct a methodological framework to evaluate the health-
promotion capabilities of the QLG-I Trail, including three aspects: promoting the coverage of healthy
travel, user attribute analysis, and user perceptions of the greenway for health promotion. The results
show that the healthy travel range of the QLG-I Trail is small and that the users are mainly residents
of nearby communities. Additionally, the main factors affecting users” health-promoting behaviour
are safety, cleanliness, and infrastructure services. Although the overall satisfaction with service
quality was good (3.93), we found that the trail facilities did not meet the needs of the users. This
study confirms that the QLG-I Trail provides community residents with a place for sports activities
and supports health-promoting behaviour. Greenway facilities and the natural environment enhance
this utility; however, promoting the coverage of healthy travel is limited by accessibility. Finally, we
propose a traffic-organization optimization and improvement plan for the QLG-I Trail. The research
results may help promote healthy activities on this type of greenway.

Keywords: greenway trails; service capacity; public health; accessibility; IPA

1. Introduction

Health promotion is a key element of new public health. Health promotion includes
actions aimed at not only strengthening personal skills and abilities but also changing
the social, environmental, and economic determinants of health to optimize their positive
impact on public and personal health [1]. In this regard, the greenway trail presents an
example. Under normal circumstances, a trail refers to any linear corridor that provides
non-motorized access for entertainment, and it can take various forms [2]. Compared with
other green open spaces, greenway trails have unique linear characteristics and connection
attributes [3].

By supporting non-motorized transportation, such as walking and cycling, they pro-
vide safe and easy-to-access green spaces or facilities, making them a community health
promotion programme [4-6]. As green infrastructures, greenways and trails not only pro-
vide people with a healthier way to travel but also produce many health-promoting benefits.
For example, they increase physical activity [7], alleviate mental stress, and provide oppor-
tunities for relaxation and family reunification [8]. In terms of serving the community and
its environment [9], greenway trails have a significant health-promotion-service function,
and they are becoming increasingly popular all over the world [10].

In recent years, research on greenways and trails has become a hot topic in the fields
of ecosystem services supply and demand [11-13], green infrastructure [14], and urban
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non-motorized transportation [15]. Such research has mostly focused on the commercial
economy [16], ecosystem supply [17-19], regional culture [20], health and well-being [21],
and entertainment value [22] brought by urban greenways and trails. Regarding the
research on greenways and people’s physical and mental health, natural experiments [23]
and health-perception-assessment scales [24] have been used to prove whether there is
a link between green scape and human health or to investigate the physical activity of
users to explore the health-promotion-service functions of greenways and trails [25]. These
research results have confirmed that greenways and their environments have a positive
effect on human health.

However, regarding the main beneficiaries of the greenway health promotion function,
i.e., greenway users, it is necessary to explore their cognition and evaluation of this function.
At the same time, obtaining real feedback on the use of greenways in a timely manner
facilitates greenway builders in implementing bottom-up updates and improvements in
health promotion. However, the current research on country greenways in this area is still
relatively lacking.

Taking into account this gap and based on existing research on the ecological, social
and economic performance evaluation of the Qingshan Lake Greenway (QLG), we focus
our follow-up research [26] on the evaluation of the health promotion services of greenways.
The QLG is a coastal greenway located in the Lin’an District in Hangzhou city. It is an
important regional green infrastructure built by the government. Since its completion in
2017, it has become an important place for leisure activities for the surrounding residents.

In this article, we continue to use the QLG as the research object. Based on the
connectivity and linear characteristics of the greenway, we evaluate the health promotion
services that it provides and make suggestions to improve the health-promotion-service
capabilities of country greenways. This research can also serve as a reference for the
construction of similar greenways in China and even around the world.

We mainly provide answers to the following research questions: (1) How large must
the service area of the greenway trail be to promote healthy travel? (2) Who are the users
of the greenway trail? What health-promoting behaviours do users engage in on the
greenway? (3) What do trail users think are the greenway factors that affect the promotion
of healthy behaviours? (4) How satisfied are users with the attributes of the greenway
trail that provide health promotion services? Before introducing the research methods,
this article reviews the literature on greenway trails and performance-evaluation methods.
This literature review is followed by the results of the case study, the discussion, and
the conclusion.

2. Literature Review

A large number of studies have shown that greenway trails provide the basis for
important daily fitness activities for the surrounding residents. Price et al. analysed the
demographic characteristics of greenway users, the reasons for using the Swamp Rabbit
Trail, and the perception of the characteristics of the trail through online surveys, and they
found that the greenway increased the opportunities for nearby residents to exercise [7].
Although greenway facilities have great potential to support sports activities, their use
can be affected by the accessibility of the area around the greenway [4]. In particular, the
demand for walking is often affected by the attractiveness, comfort, safety, and accessibil-
ity [27]. Studies have used global positioning system (GPS) and geographical information
system (GIS) technologies to predict the degree of use of greenways by measuring their
accessibility, proximity, and opportunities [4].

Open digital map platforms, such as Google Maps, provide a new way to directly
obtain travel cost indicators. They have been applied for urban traffic accessibility analy-
sis [28]; however, they have been less used for greenway trail accessibility analysis. Walking
and cycling are considered to be among the healthiest ways to travel [29], and the optimal
amount of time that it should take residents to walk from their homes to city parks is within
15 min [30].



Land 2022, 11, 547

30f21

A survey in London also showed that the size, shape, and density of green spaces
affect walking activities. Parks near small parks or retail areas are significantly related to
walking [31]. Therefore, we take the entrance of the first phase of the QLG Trail as the
origin and take the area covered by 15 min (inclusive) of walking or cycling as the service
scope of the QLG Trail to promote people’s healthy travel, with the aim of encouraging
people to choose healthier ways of travel.

In addition, people’s awareness of the health promotion services of greenway trails is
crucial, and obtaining information on their awareness will facilitate greenway planners or
managers in optimizing trail facilities in a targeted manner.

Many studies have used questionnaires, field observations, interviews, statistical
analysis, and post-use evaluation (POE) to obtain feedback and suggestions from the
perspective of users after a greenway has been put into use [32-34]. In addition to the
accessibility of greenway trails [35], Roe et al. found that people have different perceptions
of urban green spaces that affect health because of the differences in their own health
status, race, gender, and age [36]. By constructing the Scottish Walkability Assessment
Tool (SWAT), Millington et al. found that indicators, such as the destination, safety, and
aesthetics, were more reliable and can be used as influencing factors affecting people’s
walking [37].

However, in terms of health promotion, these studies did not conduct a comparative
study of the importance of and satisfaction with the attributes of greenway trails, which
makes it difficult for greenway managers to determine which aspects are the most im-
portant. Therefore, we use the importance performance analysis (IPA) model to conduct
research in this area. The purpose is to understand the attributes of greenways and trails as-
sociated with health promotion services and to collect user opinions through on-site surveys
and questionnaires.

Martilla and James originally proposed the IPA model in 1977. This simple and
practical method can help operators understand customer satisfaction with products or
services and identify areas where service quality should be improved [38]. The IPA model
has been widely used to evaluate park leisure services [39,40]; however, it has been less
commonly used in greenway performance evaluations. Our study used an improved
IPA model [41], and the space was divided into four quadrants as shown in Figure 1.
Importance is used as the horizontal axis, satisfaction is used as the vertical axis, and
the total average value of importance and satisfaction (X;¥) is used as the quadrant axis.
This method can be used to understand the evaluation results more clearly and quickly
and to provide intuitive construction reference data for the relevant departments and
decision makers.

w
ol
@ Q2 Possible Overkill Q1 Keep Up the Good
@
W) Work
Q
g Low importance and high High importance and
satisfaction satisfaction
Yy
Q3 Low Priority Q4 Concentrate Here
Low importance and High importance and low
satisfaction satisfaction
X
Importance

Figure 1. Schematic diagram of the IPA model.
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Following the research of Tang et al. [26,42], we constructed the methodological frame-
work of this research based on the functional characteristics of greenways and trails, i.e.,
green travel, sports activities, and leisure and entertainment, combined with reachability
analysis, user characteristic analysis, and the IPA model (Figure 2). This includes service
scope analysis, user analysis, and the perceptual evaluation of trail attributes in terms
of health promotion. First, we used the Amap open platform (https://lbs.amap.com/
(accessed on 12 April 2021) for the nearby search and path-planning functions, to obtain
point of interest (POI) data and time data for walking and cycling, and to combine the
improved isochronous circle analysis method for green space traffic accessibility [43] to
estimate the scope of greenway trails to promote healthy travel services.

Site investigation

Greenway construction
standards, index factors
and Likert scale

Design
questionnaire

Amap Open Platform

Obtain POI data and
time of walking and
cycling cost

Pre-investigation

Questionnaire
distribution

User questionnaire survey
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of factors in
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]
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evaluation of
greenway trail

[Evaluation for the health promotion capacity of the QLG-I Trailj

Figure 2. Evaluation framework for the health-promotion capacity of greenway trails.

Among these, the sample points were selected to more accurately obtain the time
required for nearby residents to walk or ride to the entrance of the trail to perform a more
accurate analysis of the scope of healthy travel services compared with the buffer zone. An
isochronous circle refers to the range covered by the distance that can be reached within
a specific amount of time by selecting different modes of transportation from a certain
point [44] and is commonly used in urban infrastructure accessibility analysis, urban traffic
analysis, etc. [45-47].

The above method combines the tools of the Amap open platform and the isochronous
analysis model to reduce the survey time and is more in line with users’ real travel situations.
Then, through direct observation, interview records and questionnaires, we can understand
the usage habits and health behaviours of different service groups. We administered an
IPA scale to obtain user perceptions in terms of health promotion. Based on the collected
user feedback data, we can provide users with better services to meet their needs in terms
of health promotion.

3. Methods
3.1. Study Area

The research results of this article are based on empirical research on the QLG. In the
past three decades, similar to other cities, Hangzhou city, in Zhejiang Province, China, has
been experiencing rapid and prosperous urban construction. In this regard, the construction
of greenways has been the focus of Hangzhou's green infrastructure construction. As of
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2020, the city had built approximately 3713 km of greenways, and the selection of the most
beautiful greenways is held every year. The QLG Trail has a length of 42.195 km and consists
of 12 main entrances and 13 service points connecting the surrounding communities and
connecting to the public transportation system.

The design concept of the QLG, “returning the lake to the people”, is to provide
residents with places to experience nature, walk, jog, and cycle for fitness and to increase
residents’ opportunities for outdoor activities to achieve the purpose of health promotion.
The greenway was built in three phases. Among them, the Qingshan Lake Greenway Phase
One (QLG-]) Trail focuses on culture, ecology, and sports. The standard width is 4 metres,
and the total length is approximately 10 km (Figure 3). It was completed and put into use
in 2017. In the same year, it was named one of the “Most Beautiful Greenways in Zhejiang”.
The QLG-I Trail is the main passage for residents of Lin’an city to enter Qingshan Lake
National Forest Park. Compared with the second and third phases, it has a longer use time
and a higher utilization rate.

Figure 3. Overview of the QLG-I Trail.

The QLG-I Trail has four entrances and exits, namely, Wanghu Park (point A), Qianjin
Wetland Park (point B), Qianwang Sculpture Square (point C), and Great Lawn Park
(Point D). It is also an important landscape node along the greenway. These points divide
the QLG-I Trail into three sections. The entrance of the AB section of the trail is close to the
city’s road transportation hub and is the closest to the city, and there are dense residential
areas nearby. This section of the trail is located on the lake, and there are large wetlands
and spruce forests nearby. This section of the trail was built on Beacon Hill, with dense
vegetation on both sides, and it extends to the central area of the Qingshan Lake Scenic
Area. It is the longest of the three sections.

3.2. Data Collection
3.2.1. POI Data and Travel Time Cost Data

PQOI data and travel time data were obtained from the Amap open platform and
captured by Python tools. POI data were obtained through peripheral searches, and travel
time data were obtained through path planning. The walking speed set in the path planning
was approximately 4.2 km/h, and the cycling speed was approximately 12 km/h.
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First, with the geographical coordinates of the QLG-I Trail, four sites (Points A, B,
C, and D) were used as the centre of circles with a radius of 10 km to find the entrances
surrounding commercial, residential, and transportation facilities; to find the geographical
coordinates, addresses, and other POI data; and to remove invalid points under construc-
tion. Second, we used the path-planning service and took the geographical coordinates of
the POI data obtained in the first step as the sample point (starting point) and the geograph-
ical coordinates of the four sites of the QLG-I Trail as the target point (end point). Third, we
obtained all the time spent on each path from the sample point to the target point by path
planning with walking and cycling and with the time cost attribute of each sample point.

3.2.2. Questionnaire Design and Site Investigation

The survey time was from June to July 2020, and it had been 3 years since the opening of
the QLG-I Trail. The survey was divided into two stages. The first stage mainly investigated
the use of the trail. During the period from 7:00 a.m. to 9:00 p.m. on 13 June, we observed
and recorded users’ behaviour, habits, and activity types without interference.

Then, a questionnaire was designed based on the results of the observation records
to evaluate the user attributes, the basic use of greenways, and the IPA evaluation scale
for the trail. The IPA evaluation scale was based on The Construction Technical Guidelines of
Hangzhou Greenway System (Pilot edition) and QLG planning and design data, and it included
five types of evaluation factors—road quality, supporting facilities, the natural environment,
regional cultural characteristics [7,34,48-50], and management and maintenance—for a
total of 25 index factors (Table Al).

The second stage was the distribution and collection of questionnaires. Researchers
randomly distributed 20 questionnaires on the QLG-I Trail in the morning and evening
of 16-17 June for the pre-survey and asked the interviewees whether the questionnaire
content was reasonable. The questionnaire data obtained at this time were used only to
modify the questionnaire, not as the main data of analysis in the research. Then, we chose
5 days (sunny weekends or working days) from June to July to formally distribute the
questionnaire on site and ensured that the time and place were the same as those of the
pre-survey. A total of 243 copies were distributed, of which 201 valid questionnaires were
obtained, for an effective response rate of approximately 82.7%.

3.3. Data Analysis

Kriging is a regression algorithm for the spatial modelling and prediction (or interpo-
lation) of random processes or random fields based on the covariance function [51]. In a
specific random process, the kriging method can give the best linear unbiased prediction
(BLUP); thus, it is often used to estimate the phenomenon of point data distribution on a
surface [52].

In this study, the obtained sample points with time cost attributes and target point
data were used to create a buffer with a radius of 10 km for the target point as the estimated
reach of 15 min of cycling. Then, we used kriging interpolation to convert the time cost
attribute value of the sample point into the raster attribute value of the target point and
drew the raster map of walking and cycling in different time periods of four target points
in the circular buffer, which was used to analyse the service situation of the QLG-I Trail for
promoting healthy travel.

After the survey, questionnaire data obtained in paper form were statistical analysed.
Descriptive statistics were used to analyse the demographic characteristics and basic use
of the trail. Based on the IPA evaluation scale data on the QLG-I Trail, we conducted an
overall reliability test of the 201 questionnaires through the internal consistency coefficient
(Cronbach’s alpha coefficient [53] or the « value). The « value of those questionnaires was
0.922, i.e., greater than 0.7, indicating that the questionnaire reliability test score was high.
The questionnaire design was reasonable and had good reliability.
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4. Results
4.1. The Scope for Promoting Healthy Travel of the QLG-I Trail
4.1.1. The Walking and Cycling Accessibility of the QLG-I Trail

To analyse the difference in the accessibility of different target points, we drew
isochronous grid maps of walking and cycling at four target points (Figures 4 and 5),
dividing the time cost data on the four target points into five time periods: 0-15, 15-30,
3045, 45-60, and greater than 60 min. Both Figures 4 and 5 reflect the distribution of
the actual time spent travelling from the four target points to each sample point. The
isochronous shape of each target point is not theoretically circular, and the spacing is
unevenly distributed. Based on the distribution of the sample points and the curvature
of the isochrones, the distribution of the surrounding terrain and road network can also
be inferred.

Legend o
@® Target point B ®
© Sample point
Qingshan Lake
Accessibility area(miny

I 0-15

(b)

Legend

® Target point D

©  Sample point
"] aingshan Lake
Accessibility area(min)
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[ 13045
[ as-80
[ =60

(c) (d)

Figure 4. Interpolation analysis of four target points with walking. (a) kriging interpolation graph
at point A; (b) kriging interpolation graph at point B; (c) kriging interpolation graph of point C;
(d) kriging interpolation graph of point D.

Figure 4 shows that the area of the circle from point A to point D within 1 h of walking
gradually decreases, while the accessibility gradually weakens. Clearly, the area reachable
within 15 min of walking accounts for a relatively small proportion of the circular buffer
zone. Figure 5 shows that the area of the circle from point A to point D within 1 h of cycling
gradually decreases. The reachable range within 1 h of cycling at the three points A, B,
and C basically covers the circular buffer zone. The area that can be reached by cycling
within half an hour is also wider. Taken together, the results show that the accessible range
of cycling within 1 h is significantly greater than that of walking. The circle for 45 min
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of walking is similar in shape and size to that for 15 min of cycling, indicating that the
accessibility of walking for 45 min and that of cycling for 15 min are relatively close.

Legend

@ Target point B
©  Sample point

Legend

@ Target point D

©  Sample point
| cingshan Lake
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[ 45~60
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(c)

Figure 5. Interpolation analysis of four target points with cycling. (a) kriging interpolation graph

at point A; (b) kriging interpolation graph at point B; (c) kriging interpolation graph of point C;
(d) kriging interpolation graph of point D.

4.1.2. The Promoting Healthy Travel Range of the QLG-I Trail

This study first extracted the isochrones from the sample points to the four target
points and calculated the isochronous area of the walking and biking travel time within
15 min (excluding water areas, such as Qingshan Lake) as the actual service scope (S) of the
four target points for promoting healthy travel. Second, we separately counted the total
number of sample points of the four target points within the 15 min circle as the number of
health-promotion-service units ().

Finally, the sample points in the buffer of the four target points were gathered, and
2116 valid sample points (Table 1) were obtained after removing duplicate points. At the
same time, we superimposed the reachable range of walking and cycling for each target
point as the scope for promoting health travel of the QLG-I Trail (Figure 6) and calculated
the total service area and the total number of sample points.

Compared with other target points, point A has the best accessibility and widest
coverage of promoting healthy travel service, whether by walking or cycling (Table 1). In
terms of walking, the accessibility of point C is the worst, and the scope of the promoting
healthy travel service is small. However, the results for cycling show that point D is the
worst. The largest difference in service area between the two modes of travel is at point B,
where walking accessibility is lower, while cycling accessibility is higher.
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Table 1. The 15 min travel data statistics at the target point.
Target Point Name Number of Sample Points Walking Cycling
in the Buffer S (km?) n S (km?) n
A 1622 2.18 90 29.13 1175
B 1689 0.84 8 17.74 700
C 1596 0.55 5 8.7 150
D 1592 0.93 15 5.78 48
Total 2116 435 113 2921 1175

(de-duplication)

| 16 minutes walking
| 18 minutes cycling

Figure 6. The service scope of the QLG-I Trail for promoting healthy travel.

According to the results, the walking area of the QLG-I Trail within 15 min is ap-
proximately 4.35 km?, and the cycling area is approximately 29.45 km?. In general,
the accessibility of the four entrances of the QLG-I Trail within 15 min is as follows:
A > B > C > D. The walking area of the QLG-I Trail within 15 min is mainly the nearby
residential areas and traffic stations along the line. The cycling area is mainly concentrated
in some central urban areas and towns on the west side of Qingshan Lake.

4.2. The User Analysis of the QLG-I Trail
4.2.1. User Attributes and Use Characteristics

Table 2 shows that, in terms of the proportion of respondents, there were slightly
more women (51.2%) than men (48.8%); however, the difference was small. In terms of age
groups, there were people of all ages. The respondents were mainly young and middle-
aged people aged 18-55 (85.6%), and 13.4% of the respondents were over 55 years old. Users
were primarily local residents from residential areas around the greenway and downtown
(88.6%). There were a smaller number of people from areas outside of Hangzhou city (4%).

Regarding the frequency of use, 37.8% of respondents used the trail multiple times a
week, and 24.9% used it daily. The respondents” main mode of transportation was walking
(50.2%), followed by cycling (27.9%) and driving (17.4%). Due to the imperfect public
transportation facilities near the QLG-I Trail, fewer people used public transportation
(4.5%). Daily visits were mostly concentrated in the hours of 7:00 a.m.—9:00 a.m. and 5:00
p-m.—8 p.m., accounting for 33.3% and 46.3%, respectively.
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Table 2. User attributes and use characteristics of the QLG-I Trail.
Category Percentage (%) Category Percentage (%)
Gend Female 51.2 Every day 249
ender Male 48.8 Multiple times a week 37.8
1.0 Frequency of Use Once a week 14.9
Age 18-35 49.3 Once a month 11.4
Group 36-55 36.3 Less than once a month 10.9
134 Walking 50.2
Around the greenway 42.8 Transportation Cycling 27.9
Downtown 45.8 Public transit 45
Residence Ogt51de of the Lin’an District, 75 Driving 174
in downtown Hangzhou
Outside of Hangzhou city and
other areas within Zhejiang 2.5 Before 7:00 8.0
Province
Outside of Zhejiang Province 15 Time Period of 7:00-9:00 33.3
Use 9:00-13:00 6.0
13:00-17:00 5.5
17:00-20:00 46.3
After 20:00 1.0

4.2.2. Health Awareness and Health-Promoting Behaviour of Users

The QLG-I Trail users’ health status survey was based on the respondents’ opinion
of whether maintaining their health status required physical exercise, which was divided
into five levels: exercise being very necessary, necessary, comparatively necessary, normal,
and no need (with cognitive intensity decreasing in order). The results show (Table 3) that
33.83% of the respondents think that they urgently need more physical exercise, half of the
respondents (47.76%) think that they need physical exercise, and only a small number of
people (1.49%) think that they do not need it. Most of the interviewees had relatively high
self-health awareness, which also reflects their pursuit of a healthier lifestyle.

Table 3. Statistics of the health perceptions of QLG-I Trail users.

Q: Do You Think You Exercise Very Comparatively
Need Physical Exercise? Necessary Necessary Necessary Normal No Need
Frequency 68 96 19 15 3
Percentage (%) 33.8 47.8 9.5 7.5 1.5

Through on-site observation and the distribution of questionnaires, this paper counted
the types and frequency of the health-promoting behaviours of the respondents (Table 4).
Behaviours, such as physical exercise, social interaction, entertainment and leisure, and
natural experience, which promote people’s physical or mental health, are termed health-
promoting behaviours. Overall, physical exercise (40.8%) and natural experience (28.1%)
occurred frequently, while social interaction (8.1%) and entertainment and leisure (15.3%)
activities occurred less frequently.

According to the analysis of health-promoting behaviours (Table 5), within the 95%
confidence interval, there were significant differences in health-promoting behaviours
among users in different places of residence. People who lived within a close distance
tended to exercise, while those who lived far away tended to choose a natural experience.
However, the p values of different genders and age groups were all greater than 0.05,
indicating that there was no significant difference in the probability of the occurrence of
health-promoting behaviours between them.
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Table 4. Health-promoting behaviour type statistics of QLG-I Trail users.

Classification

Specific Contents Percentage (%)

Physical exercise Walking, running, cycling, and yoga 40.8
Social interaction Chatting, parties, team activities, and playing with children 8.1
. . Hanging out, walking the dog, fishing, taking pictures, picnicking,
Entertainment and leisure . 15.3
and taking a nap
Natural experience Enjoying the sunset, l{stemng to the calls of insects and birds, and 28.1
smelling the fragrance of flowers
Others Traffic, maintenance, work, study, and inspection 7.8
Table 5. Fisher’s exact probability test of different populations and health-promoting behaviours.
Health-Promoting Behaviours Fisher’s Exact
Category Physical Social Entertainment  Natural Probability Method  p Value
Exercise Interaction and Leisure  Experience Test Value
Female 79 (43.4%) 17 (9.3%) 34 (187%) 52 (28.6%)
Gender Male 78 (45.1%) 14 (8.1%) 25 (14.5%) 56 (32.4%) 1.595 0.665
<35 79 (43.2%) 16 (8.7%) 32 (17.5%) 56 (30.6%)
Age Group 36-55 57 (46.0%) 10 (8.1%) 22 (17.7%) 35 (28.2%) 2.333 0.893
>55 21 (43.8%) 5 (10.4%) 5 (10.4%) 17 (35.4%)
Around the = ) o 12 (7.6%) 26 (165%) 45 (28.5%)
. greenway 12.575 0.0451
Residence  powntown 66 (41.3%) 17 (10.6%) 29 (18.1%) 48 (30.0%) : :
Outside o o o o
downtown 6 (18.2%) 2 (6.1%) 8 (24.2%) 17 (51.5%)

1 p < 0.05, showing that the results reject the null hypothesis and that the Fisher exact probability test results are
significantly different.

4.3. The Perceptual Evaluation of the Trail Attributes in Terms of Health Promotion
4.3.1. IPA of Factors That Affect Health Promotion

The 25 index factors had an average score of 3.19 to 4.64 (Table 6), indicating that
the respondents had a high perception of the importance of these functions (between
“average” and “very important”). Moreover, their standard deviations were all less than
1.2, indicating that the respondents had relatively small deviations in their perceptions of
and attitudes towards the importance of these functions.

The top five index factors with average scores were 54, 521, 525, 52, and S5. The
highest average score for the evaluation factors was for management and maintenance
(4.47), while the second highest was for road quality (4.43). These scores are similar; thus,
the interviewees believed that the factors that affect the health-promoting behaviour of
QLG-I Trail users are mainly concentrated in them. In addition, the natural environment of
the QLG-I Trail obtained a high score (4.37). In comparison, the 517, S18, and S19 index
factors of the regional cultural characteristics were considered to be the least important
influencing factors because their comprehensive average score was low (3.63).
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Table 6. The means and standard deviations of the importance perception and satisfaction evaluation
scores of the index factors.

Importance Perception Satisfaction Evaluation

Evaluation Index Factors
Factors Average & Standard  Overall  Average & Standard  Overall
Deviation Average Deviation Average
S1 Width 422 £0.62 4.02 £ 0.61
S2 Comfort of pavement for people 4.57 £ 0.58 421 £0.61
Road quality S3 Connectivity with other branches 419 £ 0.67 443 4.02+0.61 3.94
54 Protective fence 4.64 £ 0.62 3.74 £ 0.86
S5 Wheelchair accessible 4.55 £ 0.66 3.73 £0.90
56 Signage system 4.30 + 0.69 4.02 +£0.70
. S7 Parking lot 3.96 +0.76 299 £1.08
Supporting S8 Lighting system 434 +0.67 411 3.79 £0.74 3.46
facilities S9 Commercial service facilities 3.80 + 0.74 3.36 £ 0.78
510 Public health 4.16 £ 0.66 3.16 £ 1.02
511 Terrain diversity 4.35+0.72 424 +£0.57
S12 Colourful plant landscape 4.50 £+ 0.67 4.39 £ 0.64
Natural 513 Scenery line 4.30 + 0.74 437 4.35 + 0.59 433
environment S14 Meteorological landscape 4.36 £ 0.72 4.36 + 0.62
S15 Biological landscape 4.32 £ 0.69 4.30 £ 0.64
516 Greenway theme reflects 4.05+0.77 4.19 £ 0.56
Recional cultural 517 Historical allusions 3.63 £0.97 4.13 £ 0.66
cﬁaracteristics S18 Tradltlona'l construction 395+ 1.11 3.63 3.98 1+ 0.68 4.08
techniques
519 Application of local materials 319 £1.15 4.00 & 0.64
520 Sense of belonging 4.01 £0.76 411 £ 0.67
521 Cleanliness 4.58 £ 0.60 3.53 £1.02
522 Security guards patrol 4.52 £+ 0.60 3.73+£0.82
Management  go3 16 facilities are fully equipped 434 +0.67 4.47 3.99 +0.73 3.83
and maintenance S24 Plant conservation 435+ 0.67 4.14 + 0.67
525 Fire safety 4.57 £0.61 3.75+£0.98

4.3.2. Satisfaction Evaluation of the QLG-I Trail

The average satisfaction score of the 25 index factors was between 2.99 and 4.39
(Table 6). Compared with the importance perception of factors that affect health promotion,
the overall score for satisfaction evaluation was lower, indicating that most interviewees
believed that the actual performance of the QLG-I Trail did not meet their expectations.

The index factors of the natural environment had an average score of 4.2 points or
more, and their standard deviations were relatively low, indicating that users were satisfied
with the natural environment around Qingshan Lake. Conversely, the three lowest-ranking
index factors were S7, S9, and S10. The high occupation of parking lots, inconvenient
bicycle rental facilities, and few toilets and benches offered users a poor recreational
experience, resulting in the lowest satisfaction evaluation score for the supporting facilities
indicators (3.46).

4.3.3. IPA Chart

In this study, we drew an IPA scatter diagram (Figure 7) to analyse the impact of
the importance and satisfaction with the greenway factor of the QLG-I Trail for users’
health-promoting behaviour.
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Figure 7. Scatter plot of the QLG-I Trail IPA evaluation.

Quadrant 1 is the Keep Up the Good Work area, and it includes 10 index factors
(Figure 7). The average scores are higher than the overall average importance score and
average satisfaction score. The evaluation results of this quadrant show that the natural
environment, road quality, and management and maintenance of the QLG-I Trail were
more prominent overall, and user satisfaction was relatively high. Notably, however, the
average value of the index factors for satisfaction in this quadrant was lower than the
average value for importance. Therefore, while the QLG-I Trail continues to maintain its
advantages, managers should tap its development potential and continuously improve the
corresponding functions.

Quadrant 2 is the Possible Overkill area, and it includes six index factors. As shown in
Figure 7, their average scores were lower than the overall average importance score but
higher than the overall average satisfaction score. The evaluation results of this quadrant
showed that users generally have a high degree of recognition of these index factors; how-
ever, the impact on users’” health-promoting behaviours is not considered very important,
especially the regional cultural characteristics of the QLG-I Trail. In the opinion of the
interviewees, these characteristics focus on showing the cultural features of the Lin’an
District, which increases residents’ spiritual identity; however, the promotion of healthy
behaviour is not apparent.

Quadrant 3 is the Low Priority area, and it includes three index factors. Additionally,
these average scores were lower than the overall average importance score and average
satisfaction score. The results of this quadrant show that parking lots, commercial service
facilities, and public health were not important indicators for promoting the health service
capacity of the QLG-I Trail and can be appropriately controlled. However, this does not
mean that the functions of these index factors are not taken seriously. Their average
importance scores were above 3.5, and there is still much room for improvement. Moreover,
the satisfaction with the index factors in this quadrant was low. If they are ignored, they
may lead to poor overall performance.

Quadrant 4 is the Concentrate Here area, and it includes six index factors. These
average scores were all higher than the overall average importance score and lower than
the overall average satisfaction score. The evaluation results of this quadrant show that
users believed that the safety protection facilities, humanized equipment, and cleanliness
of the environment of the QLG-I Trail were more important for their health-promoting
behaviour; however, they were not very satisfied with the current service quality. There-
fore, managers should pay attention to the service quality of the indicator factors in this
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quadrant and provide a more comfortable and safer greenway environment to promote
healthy behaviour.

5. Discussion and Conclusions
5.1. Research Contribution

This research focuses on the health-promotion-service capabilities of greenways. It
evaluates the health promotion services provided by the QLG-I Trail based on accessibility
and user perceptions and evaluations. It makes three unique contributions to the research
on country greenways. As the first contribution, this study assessed the scope of the health
promotion services of greenway trails based on the accessibility of walking and cycling.

The path-planning function provided by open digital map platforms improves the
ambiguity of the scope obtained by using buffer zone analysis in previous studies [54,55],
which is helpful in determining the service scope of greenways and even other green
infrastructures. As the second contribution, this research studied the health promo-
tion services of country greenways from the perspective of user perceptions. Previ-
ous studies on country greenways have focused more on ecological services or social
benefits [56-58], ignoring the role of greenways in promoting health. Finally, by investigat-
ing user perceptions of the attributes of the QLG-I Trail, this study contributes by exploring
which factors affect the occurrence of health-promoting behaviours in a country greenway.

5.2. Promotion of Healthy Travel

The research results show that there were clear differences in the accessibility of the
main entrances and exits of the QLG-I Trail. This discovery was also made in Coutts’
research. By segmenting multiple greenways and calculating the population density, land-
use mix, and number of greenway users in the area, he concluded that the accessibility of
each part of the greenway was different and was affected by a variety of factors [4]. This
difference is related to the linear characteristics of the greenway, which is fundamentally
different from a large area of parkland [59,60].

This difference can easily cause users to concentrate on a certain section, while other
sections are less used, which further leads to the idleness or waste of greenway resources in
certain sections, regardless of whether they are natural resources or infrastructure resources.
Another study by Coutts also showed that the green road sections that intersect the park
and the green road sections where commercial land is concentrated had the largest usage,
and the accessibility differences were more obvious [61]. Therefore, a greenway should
not be regarded as a whole in terms of reachability analysis; instead, the reasons for the
differences in each section should be analysed to take targeted optimization measures.

In this case study, point A is close to the main urban area and is connected to the main
regional transportation routes with the best walking and cycling accessibility. Points C and
D are far from the main transportation routes, and the surrounding terrain is steep. There
are several large residential communities distributed in the area, and the population density
is not low; however, the community is closed and cannot be traversed. The transportation
cost of reaching the greenway is relatively high; thus, the accessibility is poor. In general,
residents go to greenways located in urban areas mainly by walking, while it takes a long
time to go to country greenways, which can be easily reached by means of bicycles or motor
vehicles [62].

Therefore, based on this difference, greenway builders should allocate infrastructure
differently to avoid resource shortages or waste. Furthermore, greenway builders should
consider how entrances and exits with poor accessibility should be better integrated into the
regional transportation system to guide the average distribution of users on the greenway.
In addition, in this case, we noticed that Qingshan Lake, as a country greenway connecting
urban and rural areas, has poorly accessible entrances and exits. It is mainly distributed in
rural areas far from the urban end, which also reveals that the degree of convenience of
transportation systems in urban and rural areas is different.
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A review study by James showed that the accessibility of green spaces is frequently
related to socio-economic status. Groups with lower socio-economic status obtain less
green space but may benefit more from the use of green spaces. Therefore, the rational
allocation of green space elements and the enhancement of the accessibility and fairness of
marginal green spaces can further alleviate the differences in socio-economic health [63].
Our strategy is based on this view.

In addition, the reachability analysis showed that QLG-I Trail’s pedestrian and bicycle
areas within 15 min cover only the surrounding communities and towns, and the trail’s
service scope is limited. The user survey results also showed that the audience of the trail
is mainly residents of nearby communities, and approximately 78% of users visit on foot or
by bike. This result is relatively consistent with the preference research results of Dorwart
et al. and Keith et al. on the use of greenway trails, with trail visitors being mainly nearby
residents [62,64].

Therefore, greenway managers can consider constructing a network of non-motorized
transportation systems that extend to every residential community and improve the con-
nectivity and matching between the country greenway space and the urban non-motorized
commuter space to adapt to and encourage users to travel in these healthy ways [65,66]. At
the same time, greenway managers should consider benefiting a wider range of people.
Combining visiting methods and the fact that fewer people use public transportation,
sufficient parking lots for bicycles and motor vehicles can be built near the main entrances
and exits, and the connection between the main entrances and exits of a greenway and
public transportation can be strengthened to provide more convenient travel services for
users who are far away [21,49].

5.3. Health-Promoting Behaviour

In the user questionnaire survey, 91% of visiting users clearly stated that they need to
exercise, which shows that the health awareness and fitness willingness of visiting users
are very strong, and the results of the health-promoting behaviour survey also showed that
physical exercise was their main activity in Qingshan Lake.

Therefore, the ability of the QLG to provide health-promoting behaviour services
should be the top priority for builders and managers to consider, especially the construction
of facilities for physical exercise. The survey results of the questionnaire regarding the users’
place of residence showed that users who live closer to the trail liked physical exercise, while
users who lived farther away were more inclined towards natural experience activities,
indicating that the purpose of visiting and distance are related. This result is an unexpected
discovery. Previously, results relating the purpose and distance of the visit had not been
seen in the greenway-related literature [67-69], and the specific reasons warrant in-depth
follow-up research.

Taking into account the preferences of users at different distances, greenway planners
can set up locker rooms, bag storage places, and other supporting facilities in sections close
to surrounding residential areas, set up open spaces, such as paved squares or provide
better pavement for physical exercise, which is also conducive to better group fitness
activities, such as the group square dancing that middle-aged and elderly women in China
love to do [70]. In sections away from surrounding residential areas, high-quality scenic
sections can be set up for people to experience nature, such as meditation seats and nature
science signs [71].

In addition, the survey results on users’ visiting time showed that the trail had a large
traffic flow between 5:00 p.m. and 8:00 p.m., which is consistent with Xiong et al.’s research
results [42], proving that the summer evening is the peak period for greenway trail users.
Many surveys and studies have shown that safety (in various forms) should be the top
priority of greenway managers and planners [34], and a considerable amount of research
has also focused on safety issues in green space management [72].

Therefore, taking into account the users” demand for greenway trail health promotion
services at night, greenway managers can adopt smart city design methods to integrate
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landscape lighting systems, environmental music systems, security systems, and security
patrol systems to supplement a complete sports identification system and multimedia
publishing system, which can play a role in spatial guidance, preventing sports injuries,
and even reducing criminal acts [34].

5.4. Trail Attributes Affecting the Health Promotion of Country Greenways

With regard to the factors that affect the intervention of greenways to promote healthy
behaviours, according to the IPA scale survey results, the natural environment is a factor
that users consider to be of high importance and with which they are highly satisfied,
indicating that the complete and continuous natural environment in linear spaces is an
important factor for attracting users to outdoor sports and releasing psychological stress.
Research has also shown that continuous green space has a positive effect on reducing
stress and improving health [73].

Therefore, we should continue to maintain the original rich natural environmental
resources of greenway trails. Furthermore, we should pay attention to avoiding damage to
the linear landscape caused by certain infrastructure. In particular, we should pay attention
to the cutting of the continuity of greenways by transportation facilities. Three-dimensional
overhead can be used to eliminate the damage caused by park entrances and exits and
road intersections to the linear spatial continuity of greenways and to construct a closed
loop of scenery without breakpoints throughout the process. Ahn et al. also confirmed the
important role of such measures in reducing air pollution [74].

In addition, surveys of user visits have shown that factors, such as protective barriers,
cleanliness, fire safety, trail comfort and barrier-free access are important factors that trail
users believe promote healthy behaviour, while historical allusions, traditional construction
techniques and the application of local materials have not had much impact on promoting
healthy behaviour. At the same time, the survey results also showed that users are not
very satisfied with the QLG-I Trail’s parking lot, lighting system, and cleanliness. In
particular, the six indicators (protective fences, wheel chair accessibility, the lighting system,
cleanliness, security guards on patrol, and fire safety) in quadrant 4, the Concentrate
Here area, mainly involve two aspects: safety protection and infrastructure for caring for
vulnerable groups.

An IPA evaluation of the Atlanta Loop Greenway in Georgia, USA also found that
residents were dissatisfied with various forms of safety elements on greenways [34], and
the evaluation of the use patterns of and design preferences for sports activities for elderly
people on the Berlin Creek Greenway also reflected care for vulnerable groups [64]. There-
fore, in addition to adopting the complete service facilities mentioned earlier, attention
should be paid to night lighting and to ensuring the continuity of routes.

Greenway managers should also pay attention to the special needs of vulnerable
groups and humanized construction details to improve the safety, fairness, and comfort of
greenway use (for example, ensuring that the flatness and elasticity index of road surface
materials meet the needs of the physical characteristics of children and elderly people) [75].
For the vegetation on both sides of a trail, tree species that do not cause respiratory diseases
should be chosen. In addition, facilities for disabled people who can perform physical
activities alone can be added [76], and it is important to ensure their safe use.

5.5. Public Participation

In this study, through the reachability analysis of the QLG-I Trail and user surveys
and interviews, greenway users’ preferences and health-promoting behaviours were inves-
tigated. The results of the study reflect that some of the greenways of the QLG-I Trail lack
continuity, management and maintenance are not in place, and there are additional issues.
This bottom-up survey and research method can obtain real feedback from greenway
users on a greenway, and the research results and discussion can help greenway managers
optimize greenways in a targeted manner. The research by Lee et al. showed that public
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participation can strengthen people’s sense of responsibility to the local area and make it
easier to meet users’ psychological expectations and gain users’ recognition [50].

Therefore, the mechanism of public participation is very effective and deserves to
be applied and promoted in the subsequent greenway operation and renewal process. In
research related to greenway planning and management, a considerable amount of research
explores how to effectively apply this mechanism. By investigating the post-use evaluation
of greenway users, Chi et al. analysed whether the top-down strategy matched the daily
lives of residents [77]. Lim et al. encouraged public participation by organizing activities
and publishing development strategies [78].

For example, through “voluntary art activities” in regenerating cultural and artistic
spaces, the public is called on to participate at the individual, community and urban levels
to promote the sustainability of urban communities. A dynamic abiotic, biological, and cul-
tural (DABC) system framework was proposed to prioritize policy attributes through public
participation and adaptation to changes in the planning environment and scenarios [79].
There is also the “Angel GREEN” Green Network Development Strategy for the 13th District
of Budapest, which is not only a framework for prioritizing the company’s management
responsibilities but also intended to help to gradually increase public participation in green
network planning and maintenance [80].

Drawing on the research results above, we believe that greenway managers can set up
a project management committee composed of user representatives, government manage-
ment departments, fithess and sports volunteer organizations, sports brand merchants and
professional operation teams. In this way, government management departments can better
respond to the needs of users, and participants from all parties can also participate in the
organization, publicity, and supervision of activities to make the health-promotion-service
provision of greenway trails more extensive and efficient.

5.6. Research Limitations and Future Directions

The shortcomings of this research and the future directions are the same as those of
previous studies. This research still needs to be improved in the following ways. First,
this paper took country greenways as an example. There is no comparative study on the
health promotion capabilities of urban greenways and trails, which has certain limitations.
Second, young people account for only a small proportion of the respondents; however, in
reality, such people often travel with their families and are also important service objects
of greenways [81,82]. Therefore, research should strengthen the promotion of healthy
behaviours among young people.

Third, the main factors considered in this study that affect the promotion of healthy
behaviours are not yet comprehensive. Social factors, such as users’ living habits, work-
ing environment, and educational level, as well as climatic factors, such as seasonal
changes, may also have an impact. In subsequent research, the visual-aesthetical char-
acteristics provided by the greenway should also be valued in terms of health promo-
tion, such as the impact of dynamic changes in viewing angles or viewpoints on users’
psychological feelings.

Finally, we will gradually make up for the shortcomings of the above research and
continue to conduct and improve the post-use survey and evaluation research of the entire
QLG in terms of greenway intervention and health promotion, with the aim to provide
further practical value for landscape planning and the design of similar greenways.
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Appendix A

Table Al. Health service quality evaluation index of the QLG-I Trail.

Evaluation Factors Index Factors ! Explanation
S1 Width Standard width 4 m
S2 Comfort of pavement for people Suitable for walking, jogging or biking
Road Quality 53 Connectivity with other branches Greenway entrances or exits are easy to reach
S4 Protective fence Waterfront guardrail, mountain rock enclosure
55 Wheelchair accessible Walking or cycling barrier-free, serving special groups
56 Signage system Information signs, guidance signs and warning signs
. S7 Parking lot Bicycle or car parking lot
Sup}?(?rjclng S8 Lighting system Combination of different lamps
facilities S9 Commerecial service facilities Retail stores, bicycle rental, greenway relays
510 Public health Toilets, dustbins, hand sinks
511 Terrain diversity Wetlands, hills, fields, lakes and mountains
512 Colourful plant landscape Metasequoia forest, wet plants, farmland, flower bushes
I\_I atural S13 Scenery line Ridgeline, wood line, lakeshore line
environment Landscapes that change over time or seasons like sunrise, rain
S14 Meteorological landscape p & ! ’
& P or dusk
S15 Biological landscape Birds, fish, squirrels and so on
516 Greenway theme reflects Green ecology, health or sports
. S17 Historical allusions Wuyue culture
Regional Cglt}lral 518 Traditional construction techniques Seal cutting, carving, masonry technology
characteristics 519 Application of local materials Bricks, stones, tiles and Bamboo
520 Sense of belonging Willing to be close, stay and enjoy
521 Cleanliness Normal environmental cleanliness
522 Security guards patrol Security personnel, guardhouses, alarms
Management and 523 The facilities are fully equipped All facilities can be used normally
maintenance 524 Plant conservation Whether the plant has pests and diseases and its growth status
525 Fire safety Fire-fighting facilities, emergency escape routes
L All index factors are measured using the Likert 5-point scale (“very satisfied”, “satisfied”, “average”, “unsatis-
fied”, and “very unsatisfied” five answers, which are recorded as 5, 4, 3, 2, and 1).
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