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Abstract: With the process of urban expansion, the urban road infrastructure gradually develops and
improves, and the urban fringe tourism area gradually receives the attention of tourists, meaning
there may be a mismatch between the demand and the early transportation planning for the urban
fringe tourism area. In order to explore the relationship between urban road network structure
characteristics and urban fringe tourist areas, this study chose Kunming Lake in Xi’an City as the
research object and obtained the consumer development characteristics of urban fringe tourist areas
through a comparison of POI data. We explored the traffic development trend in urban fringe tourist
areas based on a spatial syntactic model by quantifying the road network structure characteristics
using the indexes related to depth, integration, and choice. The results of the study show that the
consumer development level of the urban fringe tourism area is poor compared with that of the built-
up scenic area, and tourists tend to travel in the scenic area but do not live in this neighborhood. The
average normalized depth values in the axial and segmental maps were 0.52 and 0.42, respectively,
indicating that expressways and ring roads can improve the accessibility of urban fringe tourist
areas. The expansion of motorized transportation activities gradually increases the importance of
urban fringe tourist areas. There is a significant correlation between the road network density and
route selection, although the correlation between the two gradually decreases as the measured radius
increases. The conclusions drawn from this study provide methodological references and research
paradigms for the development of city fringe tourist areas and urban transportation planning.

Keywords: road network characteristics; urban fringe tourist areas; POI data; space syntax model;
correlation testing

1. Introduction

In the past few years, the global tourism industry has been developing rapidly, and
tourism revenue accounts for about 6% of the global GDP [1]. China’s tourism has also
developed rapidly in the past few years, with tourist arrivals and tourism revenues showing
steady increases year after year. Although the development of tourism has been affected
by the COVID-19 pandemic in an unstable manner, it is predicted that as the impact of
the COVID-19 pandemic diminishes and the related restrictive policies are weakened, the
tourism industry will be restored to 70% of the peak tourism level [2], meaning the tourism
industry will still have a huge market and clear prospects in the future. Tourism not only
promotes economic development but also has impacts on social stability and environmental
sustainability [3].

Scenic tourism areas will drive the development of regional economies [4], and the
development of tourist attractions has high potential to enhance the economic efficiency
of remote and underdeveloped areas [5]. In the course of the development of the tourism
industry, it has been found that suburban tourism and rural tourism have gradually become
popular leisure methods for urban residents [6]. Particularly in the context of the COVID-19
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pandemic, the restrictions on travel changed people’s recreational behaviors, making the
countryside and suburbs more attractive options while maintaining social distancing [7].
In the post-pandemic era, tourism patterns have gradually become de-centralized, and
suburban and rural scenic areas have become significantly more important to the road
network [8]. Changes in the travel choices of urban residents provide market opportunities
for the development of suburban and rural tourism [9].

Urban fringe areas, which are variously called exurbs or urban-rural continuum,
peri-urban, semirural, or semi-urban areas in different studies, refer to the transition
zones between urban and rural areas [10]. City fringe tourist areas in close proximity to
cities tend to be more economically viable than rural areas [11]. Urban fringe areas have
unique potential and characteristics for tourism development that need to be analyzed
separately [12].

The formation of urban fringe areas is closely linked to the process of urban expan-
sion [13]. Urban expansion has become an international phenomenon due to the increasing
population [14]. The expansion of the road network is a characterizing indicator of ur-
ban expansion, and the road network tends to increase in size with the process of urban
expansion [15], while roads play a crucial role in the development of tourism [16]. With
the process of urban expansion, the construction of new urban areas increasing and the
corresponding road facilities are also improving, meaning road networks often gradually
extend to the outside to improve the scenic spots that existed at a distance from the built-up
areas of the city in the early days gradually connect with the city and the urban fringe
tourist areas gradually become easier to reach [17]. At the same time, as the motorized
travel process continues to accelerate, long-distance travel has become more convenient.
As the rates of motorization and urbanization continue to increase, the road infrastructure
becomes more complete, facilitating the diversification of tourist choices. The construction
of tourist highways has a mutual promotion effect on the economic development and
construction of facilities in the surrounding areas [18].

According to the rule of urban expansion, new urban areas will eventually develop
into built-up urban areas [19], and scenic areas on the edge of a city will gradually develop
into scenic areas within the city, creating new urban areas and scenic areas on the edge of
the city. Transportation facilities are a key factor in determining tourists’ travel patterns
to scenic areas on the outskirts of cities. There are certain differences in the development
trends of tourism in urban edge scenic areas in different countries, although the relevant
laws are basically applicable, such as the impact of the distance attenuation effect on urban
edge scenic areas [20]. Transportation facilities are a key factor in determining tourists’
travel patterns to scenic areas on the outskirts of cities. Tourists tend to prefer areas with
convenient transportation options, as well as famous scenic spots and historical sites [21].
Some urban fringe tourist areas were formerly underdeveloped, meaning the surrounding
roads mainly had to bear the transit traffic. With the gradual popularity of urban fringe
tourist areas, the peripheral roads will have to bear the tourist traffic again. Motorized
traffic often has a negative impact on the local area [22], with the double traffic pressure of
transit traffic and tourist traffic, meaning the road facilities planned in the early days may
not be able to meet the demands of future travelers, thereby causing traffic pressure and
environmental pressure [23].

Analyzing the spatiotemporal dependencies between different regions in a road net-
work and exploring changes in human activity patterns and travel demands have become
popular research themes in recent years [24]. Studying the spatial distribution charac-
teristics of tourist areas can effectively strengthen the coordination relationship between
tourist areas and neighboring cities [25]. Changes in road network structures often lead
to changes in human activity patterns [26]. In order to solve the problems faced during
transportation planning, it is necessary to analyze the road network from a macroscopic
point of view and explore the impacts of changes in the road network structure on human
activity patterns and traffic in urban fringe tourist areas. More than 60% of human activities
can be explained by topological relationships [27], and topological relationships can effec-
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tively respond to the trends of human activities in macro-analyses [28]. It is meaningful
to establish a macro-analysis paradigm for urban fringe scenic areas from the perspective
of road network structures to assess the relationship between urban spaces, road network
structures, and scenic locations, which could promote the development of urban fringe
scenic areas from the perspectives of urban planning and road network planning and the
role of scenic areas as promoters of the regional economy, thereby promoting the rapid
development of the new urban areas.

The theory of space syntax provides a new paradigm for the study of urban spaces
and road network structures, which can be used to study the development patterns of
urban road networks and the changes in human activities from a macroscopic point of
view [29]. In the 1870s, Bill Hillier founded the theory and methodology of space syntax at
the University of Cambridge [30], which explains the spatial patterns and socioeconomic
activities at different scales, such as for buildings, neighborhoods, and towns, in the context
of spatial creation activities. Patterson found that spatial syntactic modeling is an effective
means of characterizing urban-scale motorized transportation networks [31]. Perera used
space syntax to analyze the urban community of Badulla, and found that spatial features
play a role in generating different types of social activities and influences the nature of
these activities [32]. The advantage of space syntax is that it takes into account spatial
uncertainty and analyzes the spatial properties of different locations [33]. Space syntax
can be used to effectively describe the nature of urban spaces, road networks, and social
activities. From the perspective of analytical principles, space syntax cannot be used to
analyze a characteristic object; this needs to be abstracted into spatial relationships based on
the characteristics of the research object, with the appropriate research scale being selected
to apply the space syntax model for the analysis.

Space syntax research for tourist attractions is divided into the study of the internal
space of a scenic area and the study of the relationship between the scenic area and the
external road network. The internal space of the scenic area can be used to study the impact
of traffic organization inside the scenic area on tourist flow. Khaled [34] conducted a space
syntax visibility analysis of roads in historic districts and used an agent to model two
different historic districts in the north of Lebanon to establish a research framework to
find the critical factors affecting tourists’ wayfinding patterns. Jamhawi [35] investigated
the effects of spatial configurations on tourist flow patterns and the impacts on cultural
heritage sacred sites. The main focus in the study of the relationship between scenic spots
and external road network connectivity is to study the distribution of popular scenic spots
and the factors affecting them, as well as the impacts of the locations of the scenic spots and
road facilities. Suvannadabha [36] compared the effects of spatial patterns using a statistical
analysis of social media data and the results of a spatial syntactic analysis to determine
the factors influencing the locations of popular tourist attractions and the popularity
of those tourist attractions. Quin [37] used the space syntax approach to analyze the
development process of tourism-driven rural economic and social structures and identified
the changing patterns of indicators such as integration and choice in rural areas before
tourism development, at the early stage of tourism-driven development, and at the late
stage of tourism-driven development. Can [38] linked the space syntax approach with
park use data from field surveys and used the three space syntax indicators of connectivity,
integration, and choice measurement perspectives to analyze the characteristics of the road
network around the park, establishing three multiple regression analyses to analyze the
effects of space syntax data and park attributes on the number of park users.

Each urban fringe scenic area has special characteristics, and it is necessary to charac-
terize each area through a variety of data. The space syntax approach is already a mature
method, which can be used to obtain the corresponding road network characteristics for the
characterized area and can be applied to the urban fringe scenic area to analyze it from a
new perspective. Therefore, we chose a typical urban fringe scenic area for POI analysis to
illustrate the special characteristics of its geographic environment and used this scenic area
as the object of our space syntax research to explore the influence of the characteristics of the
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urban road network on the urban fringe tourist area. This paper provides methodological
references and research paradigms for the development of urban fringe scenic areas from
the perspective of road network planning, giving full play to the potential of urban fringe
scenic areas for regional development.

2. Study Area Description
2.1. Overview of the Study Area

Xi’an includes thirteen districts, of which Weiyang, Gaoling, Yanliang, Changan, Huyi,
and Zhouzhi are adjacent to Xianyang (Figure 1). In 2002, Xi’an City and Xianyang City
began to propose the idea of integration, and new districts were gradually formed in the
areas adjacent to the two cities. The continuous development of the new district has led to
the improvement of road facilities and the construction and opening of the surrounding
scenic spots.
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Figure 1. Geographic position of the study area.

China’s tourism development is more focused on historic monuments [39]. Kunming
Lake, one of the largest artificial lakes in ancient China, is located on Yudou Road, Chang’an
District, Xi’an City, Shaanxi Province, within the Xixian New Area. Built in the Han Dynasty
to practice water warfare, Kunming Lake was gradually abandoned and dried up after the
Han Dynasty, replaced by vast farmland. In the development of the Xixian New Area, the
Kunming Lake Scenic Area was redeveloped. The first phase of the project was completed
in 2017 and it has been continuously improved and developed since then. Considering
Kunming Lake’s geographic location and development process, it belongs to the class of
city fringe tourist areas studied in this paper, so it was taken as the research object.

2.2. Analysis of City Fringe Tourist Area Characteristics

The integration of consumer conditions is a response to the development of scenic
areas [40], for which POlIs are widely used to indicate the level of development of the
consumer conditions [41]. POI data are easier to process compared to traditional land
survey data, remote sensing data, and socioeconomic data, having a higher level of precision
in land use analyses [42]. To illustrate the difference between the development of scenic
areas in city fringe tourist areas and urban built-up areas and to highlight the characteristics
of city fringe tourist areas, this paper focuses on the famous scenic area of the Dayan
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Pagoda in Xi’an for a POI data comparison. The POI data were obtained from the relevant
amap platform (https://ditu.amap.com). To compare the current development level and
development process, the POI data for the two years of 2018 and 2023 were selected for
comparison and the POI distribution for the circular area within a radius of 3 km were
plotted (Figure 2).
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Figure 2. Comparison of POI data between the Dayan Pagoda and Kunming Lake (a) the location of
the Dayan Pagoda and Kunming Lake; (b) POI distribution for the circular area within a radius of
3 km of Kunming Lake in 2018; (c) POI distribution for the circular area within a radius of 3 km of
Kunming Lake in 2023; (d) POI distribution for the circular area within a radius of 3 km of the Dayan
Pagoda in 2018; (e) POI distribution for circular area within a radius of 3 km of the Dayan Pagoda
in 2023.

Figure 2a represents the location relationship between the two scenic spots. The area
within the third ring road of Xi’an belongs to the built-up area of the city, the Dayan Pagoda
belongs to the group of scenic spots in the built-up area of the city, and Kunming Lake
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belongs to the group of scenic spots in the new area of urban development. Figure 2b,c
show the changes in POI data for the Kunming Lake Scenic Area from 2018 to 2023. The
number of POIs in 2023 is obviously larger than that in 2018, indicating that the businesses
around the scenic spot have been developed to a certain extent. Figure 2d,e show the
changes in the scenic spot POI data for the Dayan Pagoda from 2018 to 2023, showing that
the total number of businesses around the scenic spot is more stable. Figure 2c,e show
the changes in the surrounding POI data for the Kunming Lake Scenic Area and Dayan
Pagoda Scenic Area. The Dayan Pagoda, as a scenic area in the built-up area of the city,
has a much larger number of surrounding POIs and a much larger level of development
than the Kunming Lake Scenic Area. Compared to the distribution of POIs around the
Dayan Pagoda Scenic Area, only the northern area of the Kunming Lake Scenic Area has a
greater concentration of POIs, which shows the unevenness of the regional development,
probably due to the fact that the entrance of the Kunming Lake Scenic Area is located in
the northern part of the scenic area, which is more likely to attract the consumer conditions
needed for development.

In order to compare the changes in POI data more accurately, the numbers of POIs in
the surrounding area were compared and the POI data were divided into the consumer
conditions broad category, consumer conditions mid-category, and consumer conditions
sub-category. The relationship between the consumer conditions broad category and
consumer conditions mid-category is shown in Table 1.

Table 1. POI data types.

Consumer Conditions
Broad Category

Consumer Conditions Mid-Category

Accommodation Services

Hotels, guesthouses, accommodation-service-related places

Healthcare Services

Animal medical establishments, first aid centers, disease prevention organizations,
healthcare service places, pharmaceutical and healthcare sales stores, clinics, specialized
hospitals, general hospitals

Sports and Leisure Services

Vacation spas, leisure places, theaters, entertainment venues, sports venues

Living Services

Electricity sales offices, telecommunication sales offices, shared equipment, travel
agencies, beauty salons, job markets, photography studios, business offices, ticket offices,
repair stations, logistics centers, laundromats, information centers, baby service centers,
post offices

Business
and Residential

Industrial parks, buildings, business and residential places

Science, Education, and Culture

Museums; media organizations; archive libraries; convention and exhibition centers;
driving schools; science and technology museums; science, education, and culture
centers; scientific research organizations; art museums; training organizations; libraries;
cultural palaces; literary organizations; schools; exhibition halls

Financial and Insurance Services

Insurance companies, finance companies, financial and insurance service organizations,
banks, securities companies, automatic teller machines

Transportation Services

Metro stations, port terminals, bus stations, transportation services, parking lots

Shopping Services

Convenience stores; supermarkets; clothing, shoe, hat, and leather goods stores;
personal goods and cosmetic stores; flower, bird, fish, and insect markets; home
appliance and electronics stores; home building materials markets; shopping malls;
specialty shopping streets; special trading places; sporting goods stores; cultural goods
stores; specialty stores; comprehensive markets

Company Enterprises

Factory, company, agriculture, forestry, and fishery bases

Catering Services

Tea ceremony house, pastry shops, coffee shops, fast food restaurants, cold drinks shops,
dessert shops, foreign restaurants, casual dining restaurants, Chinese restaurants

Due to the different levels of development and large differences between the two re-
gions, the consumer conditions sub-category and consumer conditions mid-category were
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more difficult to compare and analyze, so we chose to compare the consumer conditions
broad category in its entirety and the consumer conditions mid-category in part to explain
the declining trend.

The POI types in Table 1 were synthesized and the development trend of the neighbor-
ing industries with a greater impact on tourists was selected for the analysis. Healthcare
services and living services mainly target the needs of residents, while the business and
residential, science, education and culture, and financial and insurance services and com-
pany enterprises were mainly considered regarding the relationships between land prices,
house prices, economic development trends, and government development policies. These
categories have little influence on tourists, so they were not specifically analyzed for their
changing characteristics. The comparison results are shown in Table 2.

Table 2. Number of POI for the circular area within a radius of 3 km.

Dayan Pagoda Dayan Pagoda Kunming Lake Kunming Lake

POI Types in 2018 in 2023 in 2018 in 2023
Accomm.odatlon 1032 1567 13 12
Services
$ports ancfl 771 909 15 24
Leisure Services
Transpo‘rtatlon 1676 1486 40 42
Services
Shoppmg 5771 2954 256 277
Services
Catellrmg 2821 4226 64 204
Services
Total number
i 19,643 19,452 666 862

The difference in the development patterns of the two scenic areas can be obtained
from Table 2. As a famous scenic spot in the built-up area of the city, the total number of
PQIs for the Dayan Pagoda is much larger than for Kunming Lake, which indicates that
the attractiveness of this scenic spot at the edge of the city is much lower than that of the
famous scenic spot in the built-up area of the city due to its late development, and the
development of the neighboring businesses is lagging behind.

Accommodation services are mainly residential services for tourists. The Dayan
Pagoda grew from having 1032 POIs in 2018 to 1567 in 2023, indicating an increase in the
demand for tourism visitor residences in the vicinity. The number of POIs for Kunming
Lake decreased from 13 in 2018 to 12 in 2023, meaning the demand for tourism visitor
residences in the vicinity remains largely unchanged, indicating a lower demand for
tourism visitor residences in the vicinity. Considering the geographic locations of the two
areas, the consumer conditions around Kunming Lake are more homogeneous and less
attractive, meaning tourists are more likely to choose not to stay in the vicinity after visiting
the area, which is also a characteristic of the scenic area on the edge of the city.

The accessibility of transportation services affects tourists’ travel choices. The num-
bers of POIs for transportation service are shown in Table 3. Comparing the changes
in transportation services, the number of bus stations in the Dayan Pagoda Scenic Area
decreased from 213 to 86, while the number of metro stations increased from 32 to 50,
creating a change in the structure of the public transportation network in the built-up
area of the city. The area around the Dayan Pagoda Scenic Area is very congested during
peak hours, and the addition of metro stations could reduce the impact of buses on the
ground transportation network. In Kunming Lake, the construction of metro station has
not been completed in the new area of the city and the number of bus stations has been
reduced from 26 to 19, which indicates that the passenger flow is not large. The lag in
the construction of public transportation services in the urban fringe scenic area has led
to a decrease in tourists” willingness to travel, and this decrease in tourists” willingness
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to travel has affected the passenger flow, in turn leading to the lower priority for the
development of public transportation services, meaning the main travel mode in the urban
fringe scenic area is motor vehicles, which is not attractive to foreign tourists and has led to
its slow development.

Table 3. Number of POIs for transportation services.

Consumer Conditions
Mid-Category

Dayan Pagoda in 2018 Dayan Pagoda in 2023 Kunming Lake in 2018 Kunming Lake in 2023

Metro station
Port Terminal
Bus Station
Transportation Services
Related
Parking lot
Total number of POIs

32 50 0 0

2 2 0 2
213 86 26 19

25 14 4 3
1404 1334 10 18
1676 1486 40 42

Shopping services reflect the short-term demands of tourists, who generally prefer to
buy goods with local characteristics as souvenirs, which can reflect the prosperity of scenic
spots. However, the impact of the epidemic and the rise of e-commerce have affected the
overall consumer conditions of physical shopping services to a certain extent. Scenic spots
in built-up areas have a large number of shopping services and are more affected, with the
number of POIs dropping from 5771 to 2954, whereas scenic spots on the urban fringes
of new urban areas are not yet fully developed and are not yet saturated with shopping
services, so they are less affected, with the number of POlIs increasing from 256 to 277.

Catering services also respond to the demands of tourists while traveling. Most
tourists (especially foreign tourists) do not have the facilities to cook by themselves, so
the number of restaurants potentially relates to the tourist attraction of the scenic area,
meaning more tourists will bring about a greater supply of catering services. The numbers
of catering services increased in both scenic areas, the number of scenic POIs in the built-up
area was 4226, and the number of POIs in the scenic area at the edge of the city was 204.
The difference in the numbers of POIs may have been due to two reasons. One is that scenic
areas in built-up areas are more attractive. The other is that catering services in built-up
areas address residents” demands in addition to tourists” demands, while the population
density of new urban areas where urban fringe scenic areas are located will be lower than
that of built-up areas.

In general, compared with the scenic areas in the built-up areas of the city, the industrial
development potential around the city fringe tourist areas is larger, and their ability to
withstand the impacts of various risks is better. Regarding the POI trend, the development
of consumer conditions is slow, and this is an important driving force to promote the
development of the surrounding area [43], indicating that the surrounding development
power is insufficient. Urban public transportation is highly relevant to the travel demand
of city fringe tourist areas, and the lack of development of urban public transportation will
inhibit the tourism demand from the residents [44]. The reason for the lack of development
momentum may be due to the limited development of urban public transportation in the
region. At the same time, the existence of a certain scale of development of services in
the region suggests that changes in the structure of the road network may have increased
the attractiveness of the scenic area to tourists using motorized transportation to travel.
Therefore, we used the space syntax approach to analyze the road network around the
scenic area to explore the changes in the scenic area brought about by changes in the road
network structure.
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3. Methods
3.1. Space Syntax Model
3.1.1. Model Comparison and Selection

The space syntax model mainly includes convex map, axial map, segment map, and
visibility graph analysis, which deconstructs and analyzes the urban spatial structure from
different perspectives.

The convex map and visibility graph analysis mainly analyze the urban spatial char-
acteristics from the perspective of the convex space, which is a two-dimensional plane. If
any two points inside a space can see each other it is a convex space (Figure 3a), otherwise
it is a non-convex space (Figure 3b). The convex map mainly presents the connection
relationship between different convex spaces, while the spatial syntactic model mainly
assesses the connection relationships between different convex spaces and the visibility
graph analysis considers the limitations of the field of view for convex spaces. All of them
are used in analyses of building interiors [45] and small-scale neighborhoods [34], which
require detailed maps of street spaces, making it too difficult to model the whole urban
road network system.

(a) Convex space (b) Non-convex space
Figure 3. Definition of the convex space.

Axial and line segment models are currently the more commonly used spatial syntactic
models for macro-scale analyses of entire urban road network systems [46].

An axis is the line connecting a point in space as a whole to the point at the furthest
visual distance. The axis model abstracts the spatial features of all significant sub-units
within the space into a minimum number of directly connected line segments and calculates
the values of the space syntax variables for each axis. The space syntax specifies that the
axial map of a space as a whole should satisfy certain conditions, namely that all convex
surfaces should be crossed by the axial model, the axial model axes should be the longest
possible, and the number of axial model axes should be the smallest possible. From
the principle of axial modeling, it can be seen that line-of-sight accessibility and path
characteristics are the features that can be captured by the axial model, and the axial model
method is suitable for the spatial characterization of urban streets, the characterization of
road networks, and the design and layout of facilities in scenic spots [47]. The axial model
is shown in Figure 4a.

The axial model was analyzed in terms of the number of network nodes as a radius
without considering the actual length of the road, and a line segment modeling method
was established on the basis of the axial model. The line segment model is shown in
Figure 4b. As can be seen from the axial model division principle, a segment of the axial
model may contain multiple road segments; compared with the axial model, the line
segment model interrupts the intersection of some axes, turning the axial model into a
model composed of numerous line segments (Line 1 was broken into line 3 and line 4, Line 2
was broken into line 5 and line 6). The line segment model uses the actual road distance,
the minimum turning distance, the minimum angle distance, and other parameters to
represent the distance reference value in the analysis, which is a more accurate scale for
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structural analyses, making up for the limitations of the axial model and making it more

accurate for urban micro-scale calculations.

Line 2

| Line 5

Line 6

(a) Axial map modeling (b) Segment map Modeling

Figure 4. Principle comparison of axial modeling and segment modeling.

The line segment model has some advantages over the axial model, although the axial
model has properties that cannot be ignored. In the axial model, all axes are not considered
to be intersected, while in the line segment model all axes are considered to be intersected
and divided into axials, which means that the axial model can represent intersections
(interchanges) that are not intersected in the plane, while the line segment model is unable
to represent such forms. Therefore, this paper analyzes the road network using both
the axial model and the line segment model to compare the differences between planar

disjointed (expressways, viaducts, freeways, etc.) and planar intersecting intersections.

In this paper, the axial model is improved and differentiated for the road network
drawing based on the real planar intersection. Different line segments are connected at
planar intersections, and no connection is made in areas where planes do not intersect,
meaning that the results are closer to the real situation of the road network. In this study,

we used ArcGIS to draw the road network, as ArcGIS can define whether intersections are

intersecting or not when drawing, so as to carry out differentiated drawings.

3.1.2. Model Building Principles
The Xixian New Area shows a development trend of gradually increasing the attrac-

tiveness of the scenic area at the edge of the city in the new area. in order to study the
impact of the development of tourism in the new urban area on the activities of urban
residents, this paper takes the road network of Xi’an City as an example and selects the
Kunming Pond Scenic Area in the Xixian New Area of Xi’an City as the research object,
choosing Xi’an City (the roads within the third ring road), Xianyang City (the area south
of the Weihe River), and the connecting roads between the two places to form a road
network in the study area. The road map of the study area was obtained using amap
(https:/ /ditu.amap.com). The road network was mapped using ArcGIS 10.2. The road net-
work was mapped according to the below principles, taking into account the characteristics

of the transportation system in the study area.

1. The road network is established in accordance with the physical connectivity.

In the study area, there are facilities such as viaducts, expressways, and highways
that do not intersect with other roads in the plan, and there are no direct road connections
between facilities. When drawing, the nodes are connected according to the actual connec-
tions, and if there is no intersection on the plane or no direct connection to the road, the
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(a) Expressway and auxiliary road (b) Internal roads in residential areas

nodes are not connected to ensure that the connection relationship of the road network is
as consistent as possible with the actual situation.

2. The expressway system is depicted with two lanes.

There are auxiliary roads in the expressway system (Figure 5a), and there are dif-
ferences in the connection relationships between expressways, auxiliary roads, and the
surrounding urban roads, meaning the expressway needs to guarantee continuity while
the auxiliary roads cross with the surrounding roads. When drawing the road network,
we separated the main and auxiliary expressways by drawing double lines (Figure 5d),
while the expressway and auxiliary roads were used to draw the connection relationship at
the ramp.

1 JJ” §

my

|| i

i .
i 3 | | | .,

-
( |
(d) Double-line drawing (e) Internal roads not mapped (f) Internal roads mapped

Figure 5. Principles of road network mapping.

3. The road network is mapped according to the actual vehicular traffic.

Some of the internal roads in small districts, scenic spots, and schools are gated
(Figure 5b), meaning vehicles are not allowed to pass through them, so the internal roads
were not mapped (Figure 5e). The internal village roads are accessible to vehicles (Figure 5c)
and the internal roads were mapped as they are (Figure 5f).

The road network in the study area was obtained via manual mapping (Figure 6). The
road network in the study area includes five different classes of roads—freeways, arterial
roads, expressways, secondary roads, and local roads. After completing the road network
mapping process in the ArcGIS platform, DepthmapX was selected as the space syntax
analysis platform. After converting the layers of line segments in ArcGIS to DXF format,
DepthmapX was imported to convert them into an axis model and line segment model.
After calibrating and running the two models, the depth, integration, and choice results
were analyzed.
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Figure 6. Road network in the study area.

3.2. The Indices of Space Syntax

Through the above space syntax model, the space is divided into spaces and spatial
relationships based on the axial group composition. The space syntax indicators reflect
the spatial structure characteristics, and the space syntax uses indicators such as depth,
integration, and choice to describe the road network structure and different topological char-
acteristics. In this study, we applied the space syntax indicators to reveal the characteristics
of the road network structure.

3.2.1. Depth

The depth D; refers to the shortest distance of node i from all nodes, characterizing the
proximity of spatial unit i to other units in the space, while the magnitude of the depth of a
node indicates the proximity of that node to all other nodes. The larger the depth value,
the more spatial transitions from node i in the spatial model and the lower the overcoming
distance cost to reach other nodes. The depth value has two representations, namely
the total depth value TD; and average depth value MD;, and the calculation equation is
as follows:

n
TD; =) d;j 1
=1
n
L dij
_ =
MD; = —— 2

where 7 is the total number of spatial nodes and dj; is the shortest distance between nodes i
and j.

The total depth values are not comparable for two topologies with different numbers
of nodes. The average depth value is calculated by removing the influence of the total
depth value by the number of topology elements, which makes it easier to compare the
values of different objects, so the depth in this paper refers to the mean depth.

The shortest distance can be the shortest distance in topological relationship or the
actual shortest distance. The shortest distance in the axial map represents the shortest
distance in the topological relationship, while the topological relationships between planar
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disjointed (expressways, viaducts, highways, etc.) and planar intersecting intersections are
different, as a disjointed intersection is not a node. The improved axial map can represent
the different relationships between the two. The shortest distance in the segment map
represents the actual shortest distance, and according to the modeling principle planar
disjointed intersections are also counted as a node, meaning the depth in the segment map
was used as a comparison to reveal the differences between the two cases with or without
expressways, viaducts, and highways.

3.2.2. Integration

The mean depth value solves the problem of having unequal numbers of nodes in
different topological structures, although if the symmetry of the topological structure is
different, this can also lead to the depth results changing (Figure 7). According to the
formula in (2), the mean depth value of the topological structure 1 is 1.75, while the mean
depth value of topological structure 2 is 1. The mean depth values are different for the
same number of nodes.

(b) Topological structure 2

(a) Topological structure 1
Figure 7. Symmetry differences across topological structures.

The effect of symmetry is eliminated with the space syntax approach by using spatial
remapping, and a symmetry evaluation of node i using the same number of symmetric
structures was performed using RA (relativized asymmetry).

(MD; —1)

RA; =
! n/2—1

)
While the topologies have differences in their numbers of nodes, there are also differ-
ences in the connection relations, and the effects caused by the differences in the connection
relations need to be eliminated. The space syntax approach uses a diamond-shaped struc-
ture (Figure 8) for processing, as the diamond-shaped structure connection relationship is
uniform and stable. The diamond-shaped structure can use any node as the center of the
spatial remapping process to get the same topology, and it is assumed that the diamond-
shaped structure of the RA value is only related to the number of nodes. The result after
eliminating the connectivity relations is calculated using RRA (real relative asymmetry).

”{logz(%z) -1} +1

RADiamond = (n—1)(n—2) (4)
e
. log,(42) —1} +1
RRAl _ RAZ —_ Tl{ 0g2(7? )72 }+ (5)
RADzumond %

Integration is the inverse of RRA [46]. Integration describes the degree to which a
route is integrated or segregated from a local or complete road network [48]. The degrees
of aggregation and dispersion between a node and other nodes in the expression space
reflect the attractiveness and regional importance of the node in the global context. The
degree of integration is negatively correlated with the average depth value, whereby the
smaller the average depth value, the higher the degree of integration, and the stronger the
aggregation and accessibility.
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Iz 1 o RADiamond (6)

T RRA; RA;

Figure 8. A diamond-shaped structure.

3.2.3. Choice

Choice refers to the sum of the number of times a node in space occurs on the shortest
path between two other nodes [49], reflecting the traffic attraction potential of the node.
Roads with higher levels of choice have a higher likelihood of being passed through and
are likely to generate more traffic.

1 i (D)

“T e Dm=2)

(7)

j=k=1 Tk

where 7; (i) is the number of times the shortest topological path between any node j to
node k is passed by node [; njx denotes the sum of the number of shortest paths from node
j to node k in the space.

4. Results Analysis
4.1. Depth Value Analysis

Currently, the Kunming Lake Scenic Area has only its northside entrance and exit
open. In this study, the section of Keji Er Road on the north side of the Kunming Lake
Scenic Area was taken as the center to calculate the depth values (Figure 9). The importance
of the roads where the entrance—exit of the Kunming Lake Scenic Area is located in the
overall road network was analyzed, then subsequently the characteristics of the roads in
the Kunming Lake Scenic Area were analyzed. The depth values of the axial model and
line segment model are shown in Figures 9 and 10.

Figures 9 and 10 show a clear difference; Figure 11 shows the reachability in terms of
distance, while the axial model in Figure 12 considers the effect of the number of nodes and
shows the ability of an urban expressway to scale for reachability. Typically, the reachability
of an area should increase as the actual distance increases (as in Figure 12), and it can
be seen in Figure 11 that the range of depth values for Kunming Lake extends along the
expressway. To quantify the impact of the expressway on the scenic urban fringe, the depth
value results were normalized and compared, and the results are shown in Figure 11.

From Figure 11, it can be observed that the normalized for the axial map depth are
mostly greater than the normalized values for the segment map depth. The average
normalized value of the axial map depth is 0.52, while the average normalized value of the
segment map depth is 0.42. The comparative results indicate that the inclusion of facilities
such as expressways and freeways can improve the accessibility to and potentially advance
the attractiveness of city fringe tourist areas.
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4.2. Integration Value Analysis

Integration reflects important areas that are globally or locally attractive. The acces-
sibility of different network radii shows the attractiveness of the road to travelers at that
activity distance, and a network analysis radius of less than 1000 m was used to indicate
the attractiveness to slow-moving traffic in a previous study [25].

In this study, the main research object was motorized traffic, so six different radii
of 1000 m (Figure 12a), 3000 m (Figure 12b), 5000 m (Figure 12c), 10,000 m (Figure 12d),
20,000 m (Figure 12e), and 30,000 m (Figure 12f) were selected (Figure 12), which represent
the changes in human activities for different spatial constraints.

(e) R=20,000 m (f) R=30,000 m

Figure 12. Distribution of depth values.

When R = 1000 m, the villages in the space and the dense areas of the road network in
the city are more integrated and attractive, and the human activities are more inclined to the
polycentric model centered on the city center and individual villages. During the change
of R from 1000 m to 5000 m, some small centers are gradually integrated to become large
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centers, while the human activities are still in the polycentric model. The human activities
gradually tend to be in the monocentric model when the R is enlarged from 10,000 m to
30,000 m, whereby the human activities gradually converge to a single-center model and
the center of the road network gradually becomes an attractive and important area. As the
radius of activity increases, the pattern of human activities gradually develops towards a
single-center model with the city as the core.

In order to express the trend of change under different network radii more clearly,
a descriptive statistical analysis of the integration values was carried out (Table 4), and
the distributions of the integration values with different network half-price values were
compared (Figure 13). Due to the different network half-price values, the size comparison
of the data analysis results was not obvious enough, and in order to make the analysis
results comparable, an analysis of the normalized values was added to the descriptive
statistical analysis.

Table 4. Descriptive statistics analysis results.

Raw Values Normalization Values
Mean Median e Mean Median o
(g‘t:e%%g(ﬁ) 28.340 24.174 17.993 0.064 0.055 0.038
(g‘t:eg(r)%g?;‘) 101.877 95.107 48.931 0.305 0.284 0.145
(gfgg%g‘:;‘) 210.690 200.895 89.368 0.336 0.320 0.142
(Rh:el%fggg;) 560.427 547.595 205.762 0.436 0.426 0.160
&T‘;%fggg’?n) 1388.027 1309.154 498.751 0.426 0.402 0.153
Integration 2057.336 2037.841 634.522 0.531 0.526 0.163

(R = 30,000 m)

Integration (R=1000m)
Integration (R=3000m)
Integration (R=5000m)

REEENR

10,0007 Integration (R=10, 000m)
Integration (R=20, 000m)
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&
40001

2000
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0
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Figure 13. Comparison of data distributions with different radii.

From Table 4, it can be seen that the mean and median in the original data gradually
increase as R changes from 1000 m to 30,000 m, while the normalized values roughly
conform to the trend of a gradual increase, suggesting that the overall attractiveness of the
road network becomes larger via the process of increasing the range of human activities.
From Figure 13, the distribution of the integration values shows a trend of smaller peaks and
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an overall shift to the right. At R = 1000 m, the values are concentrated in the range of 0-0.2,
while at R = 30,000 m, the values show a normal distribution in the range of 0-1, indicating
that with the increasing range of human activities, the points of high attractiveness in the
road network gradually increase and are more evenly distributed.

For urban fringe tourist areas, the expansion of human activity ranges gradually
increases the importance of these areas. Taking Kunming Lake as an example, during the
changes, the integration of roads around the northern entrance of Kunming Lake continues
to increase and the attractiveness of the urban fringe tourist area gradually grows.

4.3. Choice Value Analysis

During model construction and choice evaluation processes, it was found that the
choice and node count graphs showed partly the same trend. The node count indicates
the number of nodes in the range of the radius R, which reflects the road network density
to a certain extent. In this study, we used the node count to indicate the size of the road
network density. To explore the factors affecting route choices, the correlation between
route choices and the node count was examined (Table 5).

Table 5. Pearson’s correlation test.

Choice Choice Choice Choice Choice Choice Choice Choice Choice
R300 R500 R800 R1000 R3000 R5000 R10000 R20000 R30000
NCR300 0.714 ** 0.759 ** 0.651 ** 0.571 ** 0.217 ** 0.091 ** —0.048 ** —0.120 ** —0.127 **
NCR500 0.593 ** 0.728 ** 0.706 ** 0.639 ** 0.282 ** 0.148 ** —0.006 —0.096 ** —0.110 **
NCR800 0.498 ** 0.639 ** 0.691 ** 0.668 ** 0.366 ** 0.228 ** 0.057 ** —0.053 ** —0.076 **
NCR1000 0.462 ** 0.586 ** 0.650 ** 0.649 ** 0.413 ** 0.277 ** 0.096 ** —0.023 ** —0.051 **
NCR3000 0.274 ** 0.340 ** 0.390 ** 0.410 ** 0.475 ** 0.417 ** 0.252 ** 0.099 ** 0.058 **
NCR5000 0.206 ** 0.260 ** 0.292 ** 0.305 ** 0.383 ** 0.385 ** 0.281 ** 0.147 ** 0.108 **
NCR10000 0.070 ** 0.096 ** 0.123 ** 0.137 ** 0.212 ** 0.242 ** 0.269 ** 0.220 ** 0.183 **
NCR20000 —0.016 * —0.027 ** —0.003 0.014 * 0.083 ** 0.108 ** 0.156 ** 0.201 ** 0.195 **
NCR30000 —0.028 ** —0.055 ** —0.039 ** —0.020 ** 0.035 ** 0.050 ** 0.089 ** 0.145 ** 0.156 **

** Correlation is significant at the 0.01 level (two-tailed). * Correlation is significant at the 0.05 level (two-tailed).

From Table 5, it can be seen that the choice of routes is significantly correlated with
the road network density, indicating that the road network density has an effect on the
choice of routes, i.e., the road network density has a partial effect on the magnitude of the
flow. However, the degrees of correlation are different for different measurement radii;
the correlation is stronger when R is small, and the degree of correlation between the road
network density and the degree of choice under the same measurement radius gradually
decreases with the increase in R, indicating that the road network density has a gradual
decreasing influence on the flow rate. When the R values of the route choice degree and
road network density are different, the correlations between several data sets in the table
are still shown, whereby the correlations are negative in the bottom left and right corners of
the table, indicating that a change in road network density in a small area negatively affects
the route choice in a large area and that a change in road density in a large area negatively
affects the route choice in a small area. When planning a road network, one must take into
consideration the impacts of such changes on the road trip potential. The choice analysis of
the global road network is shown in Figure 14.

Comparing Figure 14 with the road network in Figure 6, it is evident that the road
segments with higher degrees of route choice are mostly arterial roads. Arterial roads
are well connected to expressways, urban collector roads, and local roads, allowing for a
greater capacity to accommodate traffic flow. This characteristic aligns with the functional
purpose of arterial roads.

Regarding the research objective, the road where the entrance-exit of Kunming Lake is
located falls within the range of 9,287,661 to 18,432,252 for the degrees of route choice. This
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range indicates a certain potential for attracting tourists, suggesting that a well-developed
road network can help more tourists choose an urban fringe tourist area.

Legend
0-2,774,160
2,774,161 - 9,287,660
9,287,661 - 18,432,252
North-side entrance/exit 18,432,253 - 39,409,184
—— 39,409,185 - 66,772,656

0 225 45 9 Miles
L 1 1 |

Figure 14. Road network choice analysis.

5. Discussion

Tourism presents a strong spatial dependence, and the organizational planning of
tourism areas involves a reorganization of the space around tourism [50]. Urban fringe
scenic areas are different from built-up areas and rural scenic areas [37], and the new
urban area where an urban fringe scenic area is located will also develop into a built-
up area with multiple land use types in the future. For this special type of transitional
scenic area, the multifaceted characteristics need to be explored in order to explore the
development approach. Space is an important feature in modern tourism [51], and the
transformation of areas near scenic spots will bring about certain spatial benefits [52].
Therefore, this paper deconstructs the spatial elements of an urban fringe scenic area,
compares the POI differences between the built-up scenic area and the urban fringe scenic
area, determines the level of development of the consumer conditions in the urban fringe
scenic area, analyzes the characteristics of its peripheral road space with the help of space
syntax, and analyzes the influence of the road space on the urban fringe scenic area, so
as to explore the relationship of the characteristics of the city’s road network to the urban
fringe tourist areas.

This paper explores the development of the consumer conditions around city fringe
tourist areas in two scenic spots, the Kunming Lake Scenic Area and Dayan Pagoda, com-
paring them in terms of their accommodation services, transportation services, shopping
services, and catering services. Accommodation services reflects the demand of tourists for
long-duration travel, and the small number of accommodation services in the city fringe
tourist areas with little change suggests that there is little demand for tourists to travel to
the city fringe tourist areas for overnight stays. The number of transportation services in
the city fringe tourist areas is even less, and there is no space for mass transit services such
as subway stations, so the modes for tourists to travel to the scenic spots are limited, which
may affect the number of tourists that are attracted to the city fringe tourist areas, meaning
the scenic spots cannot effectively play the role of driving the economic development of
the neighboring areas. Shopping services reflects the attractiveness of the scenic spots
to tourists, and good perceptions of tourists regarding the scenic spots will make them
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more attractive. Tourists” good perceptions of scenic spots will promote their shopping
consumption, although from the data the shopping services are in a declining cycle in
built-up areas, probably due to the impact of the epidemic, the rise of e-commerce, and
other factors The shopping services in the city fringe tourist areas are not in the stage of
saturated competition, so the number is steadily increasing. Catering services represent the
rigid demands of tourists, and the numbers of catering services in city fringe tourist areas
are much lower than in built-up areas but show greater improvement, indicating that the
number of tourists going there has increased compared to 2018.

In general, the industrial development of the city fringe tourist areas is far behind the
built-up areas, and the transportation services are the main factor affecting the development
of the surrounding industries. The increased accessibility from the construction of public
transportation routes will bring more tourists and business models to the city fringe tourist
areas [53]. A lack of transportation services leads to a decrease in the willingness of tourists
to travel and a reduction in passenger flow. This reduction in passenger flow leads to the
backward development of the surrounding industries, and the backward development
of the surrounding industries makes the scenic area less attractive. Scenic spots with low
demand for travel will be in the lower priority group in the construction of transportation
services, which forms a vicious circle.

In addition to using public transportation to travel to scenic spots, tourists can also
drive to scenic spots. The development of public transportation services in the urban
fringe scenic area is relatively backward, and it is more convenient for tourists to use
motorized transportation to get to the scenic area. In this paper, we use space syntax to
reveal the characteristics of the road network around the urban fringe scenic area and
study the articulation relationship between the road network around the scenic area and
the road networks of the two neighboring urban areas. City ring roads have a significant
impact on business [54]. The depth values reveal the spatial accessibility, and from the
depth values it can be seen that expressways, highways, and ring roads increase the
accessibility and convenience of travelling to the scenic area. By comparing the Integration
values under multiple measurement scales, we found that the pattern of human motorized
transportation activities gradually goes through two different stages from multi-center,
small-scale activities to single-center activities as the radius of activities increases, which is
very similar to the urbanization process during the expansion of the city. The choice value
reflects the traffic attraction potential of a node, and by analyzing the road network density
and choice value, it was found that the choice value of a route is significantly correlated
with the road network density. The correlation between the choice value and road network
density gradually decreases as the road network density increases and the road network
becomes more complex.

The conclusions obtained in this paper can provide a reference for the planning of
urban tourism transportation services. In the future, if the goal is to develop an urban
fringe tourism area, attention should be paid to its connections with the urban expressways
and bypass highways, and various forms of motorized vehicles and rail transit should be
considered to expand the range of activities available to the urban residents.

Based on the existing research, this paper analyzes the road network through the use
of indicators to obtain the trend for the urban road network’s influence on human activities
and urban fringe tourist areas, and the results obtained are on the macro side. In addition,
this paper analyzes a single urban fringe tourist area, while the interactions between
multiple urban fringe tourist areas existing in the region may produce different conclusions.
In addition, there have been studies proving the impact of social media publicity on the
existence of scenic spots [36]. While tourism development is not significantly related to the
establishment of tourism websites [55], the effectiveness of promoting city fringe tourist
areas through social media has been demonstrated [56]. This paper only subjectively defines
the level of regional development from government policies and data, and insufficient
consideration is given to the impacts of a variety of new media on the attractiveness of
urban fringe tourism zones. In the future, it will be necessary to explore the quantitative
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impact of the relationship between media publicity and the attractiveness of urban fringe
tourism zones. In addition, the natural landscapes surrounding the city fringe tourist areas
can be beneficial to human health [57]. Considering the full utilization of the landscape, a
slow-moving greenway has been established between the city fringe tourist areas and the
city, and there have been studies on the willingness to travel by slow-moving transportation
services from the perspectives of physiology, psychological loading [58], and fatigue [59],
although the relationship between these factors and the willingness to travel by slow-
moving transportation services when using a greenway to travel to the city fringe tourist
areas has yet to be investigated.
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