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Abstract: Metropolitan areas shoulder the crucial task of regional and even national economic devel-
opment. Analyzing the spatial patterns and influencing factors of metropolitan traffic dominance
can provide a scientific basis for the optimization of its transportation and industrial layout, which
is conducive to the development of its economy. Previous studies on traffic dominance paid little
attention to metropolitan areas and even less so to study these areas from the perspective of town
units, even though these are the basic units that narrow the gap between urban and rural areas
and thus achieve regional economic integration. The traffic dominance model can comprehensively
and wholly reflect regional traffic conditions, due to its multidimensional characteristics (including
traffic network density, traffic arterial influence and accessibility). Consequently, taking the Xi’an
metropolitan area as an exemplar and the town as the basic unit, this paper employs this model
and other methods to study the spatial pattern and influencing factors of its traffic dominance. The
results show the following: (1) the traffic network density, traffic arterial influence and accessibility
had different distribution patterns; however, they were the same in that their superiorities were
relatively high in the main urban area of Xi’an city or along and on both sides of the high-speed
railways (HSRs), whereas relatively low in the peripheral areas; (2) the integrated traffic dominance
consistently displayed a “point-axis” pattern, with greater superiority in the east–west axis areas
within 30 km of Xi’an city, especially in the main urban area of Xi’an city; (3) the integrated traffic
dominance between towns had stable agglomeration correlation in the global areas and formed three
major modes in the local areas: high–high, low–low and low–high aggregation. High–high mode
was concentrated in the main urban areas of Xi’an and Xianyang city, low–low mode was mainly
distributed in the Weibei hilly and gully areas and the Qinling mountain areas and low–high mode
always nested on the edge of high–high areas; and (4) the location, GDP and elevation had a greater
impact, whereas construction intensity, population and slope had a relatively small influence on the
town’s traffic dominance, and their influence ability had a decreasing trend from 2010 to 2022. Finally,
this paper discusses the theoretical implications, practical values and some prospects based on the
research results.

Keywords: traffic dominance; traffic network density; traffic arterial influence; accessibility; spatial
pattern; influencing factor; town units; Xi’an metropolitan area

1. Introduction

The concept of the metropolitan area was proposed in the United States in 1910, how-
ever, it has been used extensively in Japan [1]. There are some differences in understandings
and interpretations of the metropolitan area in different countries. In the United States,
the metropolitan area that mirrors a current urban spatial structure [2] is a geographical
statistical unit serving federal statistics and national surveys. It consists of an urban core
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with a certain population and its surrounding areas, where the economy and society are
highly integrated into the former [3,4]. However, it reflects the theoretical model of urban
spatial structure in Japan and represents the geographical scope of a certain aspect of
functional services that can be accepted by the central city (population of over 100,000) with
a cycle of 1 day [5–7]. In Europe, especially in France, Germany and the Netherlands, it is
mainly a framework concept for the spatial development policies among European coun-
tries, and the purpose is to enhance international competitiveness and national strength [8]
by means of joint coordination, consultation and resource sharing [9]. For China, it is a
spatial form of urbanization within the urban agglomeration and centered on mega-cities
or large cities with strong radiation-driven functions, with a one-hour commuter circle as
the basic scope [10]. Even though some deviations are existent in various countries, there is
a certain consensus that the metropolitan area plays the role of regional growth poles [11]
and undertakes the important task of regional and even national economic development.

Transportation infrastructure is the strategic cornerstone of promoting regional eco-
nomic growth [12]. After long-term traffic construction, the region will form a better
traffic network; however, due to the influence of natural, economic, social and other fac-
tors, a spatial imbalance always prevails in its transportation situation [13]. Such spatial
imbalance directly determines the flow capacity of production factors and the ability
of industrial agglomeration, thus affecting the opportunities and potential of regional
development [14]. Well-planned transportation networks can facilitate the efficient trans-
portation of resources [15]. An area with good transportation infrastructure is attractive for
companies [16], capital [17], population, etc., and further brings about industrial cluster-
ing, which will invigorate the regional economic vitality, competitiveness and economic
growth [18–21]. However, if the transportation infrastructure in an area is underdeveloped,
the spatial production component flow will not be smooth and lead to a lack of choice,
innovation and intellectual opportunities for the development [22], which will limit its
economic growth to a certain extent. Taking advantage of the transportation’s superior-
ity while avoiding the transportation’s shortcomings is a key element of laying out an
industrial enterprise and conducting economic activities [13]. Therefore, it is important to
evaluate traffic dominance and analyze its spatial pattern, which could provide a scientific
basis for the optimization of its transportation and industrial layout, so as to promote its
economic development and further contribute to the regional or even national economy.

Existing studies mainly concentrated on countries, large regions, urban agglomerations
or cities; however, they paid insufficient attention to metropolitan areas. For instance, Shih-
Lung Shaw et al. (2014) employed a timetable-based evaluation approach to accessibility
to analyze the changes in travel cost, travel time and distance accessibility for the main
stages of HSR development in China [23]; Wang Zhiheng et al. (2021) used the traffic
dominance model to investigate the spatial pattern of highway traffic dominance in the
Qinghai–Tibet Plateau [24]; Juan Nicolás Ibáñez and Francesco Rotoli (2017) measured
the impact of the Trans-European transportation network on the accessibility of European
urban agglomerations [25]; Steven Farber and Liwei Fu (2017) used travel time cubes to
analyze the dynamic public transit accessibility of the Wasatch Front, Utah and the Portland
region in Oregon [26]; and Miao Yi et al. (2021) additionally constructed a comprehensive
traffic dominance evaluation system to discuss the traffic dominance of Nyingchi City [27]
and so on.

China announced the “Outline of the 14th Five-Year Plan for National Economic and
Social Development of the People ’s Republic of China and the Vision 2035” in March
2021. This outline proposed to give full scope to the leading role of central cities and
urban agglomerations and build a modern metropolitan area [28]. Subsequently, the
Chinese government approved six national metropolitan areas including Nanjing, Fuzhou,
Chengdu, Changzhou-Zhuzhou-Tan, Xi’an, Chongqing and Wuhan. Among them, the
Xi’an metropolitan area is the economic growth pole of Northwest China, and its gross
domestic product (GDP) is almost one-fourth of the GDP of the five provinces in Northwest
China [29]. However, compared with the other five metropolitan areas, its economic
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development strength is relatively poor [30]. Therefore, this paper chooses the Xi’an
metropolitan area as a case to analyze the spatial pattern of traffic dominance and further
explores its influencing factors. The purpose is to determine the advantages and problems
of traffic development in the Xi’an metropolitan area and based on the research results,
propose scientific traffic optimization measures as well as a guide to the rational layout of
the industry.

The remainders of this paper are as follows: Section 2 describes related studies and
proposes the entry point of this paper. The study area, data collection and methodology
are introduced in Section 3. Section 4 shows the characteristics of the distribution pattern,
correlation pattern and influencing factors of traffic dominance from 2010 to 2022, and
Section 5 discusses the theoretical significance and practical implications of this paper. The
conclusions of the analysis are summarized at the end.

2. Literature Review

Previous studies have two main perspectives for evaluating traffic superiority and
analyzing its spatial patterns: accessibility and traffic dominance.

Accessibility is conceived from classical location theory [31]. Hansen (1959) pioneered
the concept of accessibility in 1959 [32] and defined accessibility as potential opportunities
for interaction [33]. Since then, many scholars have interpreted accessibility from various
perspectives based on their research [22,34,35]. Regardless of which definition is used, it
reflects the traffic dominance of the destination to some extent. Many scholars have studied
traffic dominance from the perspective of accessibility, such as Dea Christine Melbye et al.
(2015), who measured the accessibility of the international airport and city center (Posta) in
Dar es Salaam from a time–distance perspective, and its results showed that accessibility
to the international airport was extremely poor, and the expected travel time to the Posta
was high [15]; based on the travel time method, Calvin P. Tribby and Paul A. Zandbergen
(2012) additionally proposed a new and high-resolution spatio–temporal model of public
transit accessibility and measured the accessibility of Albuquerque in New Mexico [36];
Jing Cao et al. (2013), Shaw S L et al. (2014) and Wang Lvhua et al. (2018) used weighted
average travel time, travel cost or travel distance and other methods to analyze the traffic
accessibility of major cities or counties in China with an HSR network as the object; however,
the results were somewhat different because of differences in cities, research methods
or research periods [23,37,38]; Javier Gutiérrez (2005) used methods such as weighted
average travel time to evaluate the future impact of accessibility from the completion
of HSR on the Madrid–Barcelona–France border [39]. Besides directly and objectively
evaluating the accessibility, researches on the accessibility of medical facilities [40–43],
employment [44,45], schools [46], tourism attractions [47,48], parks [49,50], etc., indirectly
reflect traffic dominance as well.

The traffic dominance index was proposed by Jin Fengjun (2008) [13], who considered
that the traffic superiority of a region could be reflected in three aspects: “quantity”,
“quality” and “advantage”. In his view, “quantity” referred to the scale of transportation
facilities, which can be expressed by traffic network density; “quality” meant the quality
and ability of transportation facilities, which can be denoted by traffic arterial influence;
and “advantage” indicated the advantage of a traffic location that represented the location
condition of an area relative to the main city in a regional system, which could be expressed
via accessibility. Thus, the traffic dominance is an integrated index, which is composed of
traffic network density, traffic arterial influence and accessibility [51]. Some scholars used
the traffic dominance index to evaluate regional traffic conditions. For example, Hu Hao
et al. (2015) and Chen Shuting et al. (2022) used this index to study the traffic superiority of
China based on the county units, respectively [51,52]; Sun Hongri et al. additionally took
the county as basic units to analyze the pattern of traffic dominance in Northeast China, and
the results showed that its distribution pattern presented a “core-periphery” structure [53];
in order to adapt to the actual situation of a region, some scholars adjusted the traffic
dominance index; however, they additionally comprehensively reflected transportation
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superiority from multiple dimensions. For example, Guo Zheng et al. (2020) constructed a
traffic dominance index from the aspects of traffic network connectivity and accessibility to
analyze Kenya’s traffic conditions and its spatial differentiation pattern [54]; Miao Yi et al.
(2021) believed that the traffic dominance index should include four aspects: internal traffic
function, external traffic function, traffic system stability and location and then used this
index to conduct an empirical discussion on the traffic dominance in Nyingchi City [27].

Generally speaking, we find that there are some deficiencies in previous studies.
Above all, in terms of a study area, they focused on countries, large regions, urban agglom-
erations or cities, whereas metropolitan areas received less attention; in terms of study
units, most concentrated on the counties and cities and paid insufficient attention to town
units. However, towns are the basic units to narrow the gap between urban and rural areas
and thus achieve regional economic integration. In addition, accessibility merely reflects
a single dimension of traffic conditions: traffic location advantage; however, the traffic
dominance index reveals the traffic conditions from multiple dimensions including traffic
network density, arterial influence and accessibility. Therefore, compared with accessibil-
ity, the traffic dominance index is more comprehensive in evaluating traffic conditions.
Moreover, accessibility mainly abstracts the spatial unit as a node, which reflects the traffic
conditions of the node more; however, the traffic dominance index is mainly applied to
those of regional areas. Therefore, it is more suitable to use the traffic dominance index to
evaluate regional traffic conditions. In view of this, this paper utilizes the traffic dominance
index and uses towns as the basic units to analyze the traffic superiority pattern in the Xi’an
metropolitan area and further explore its influencing factors.

3. Research Data and Methodology
3.1. Study Area

The Xi’an metropolitan area (Figure 1), which belongs to Shaanxi Province, is located in
the inland center of China and covers an area of approximately 20,600 km2. It is composed
of 4 cities and 1 district, namely Xi’an city, Xianyang city, Weinan city, Tongchuan city and
Yangling district, including a total of 26 counties and 337 towns. It should be noted that the
Xi’an metropolitan area includes just some counties of Weinan city and Tongchuan city.
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In 2020, the permanent population in the Xi’an metropolitan area was approximately
18.02 million, with an urbanization rate of 72% [29]. Currently, HSRs, expressways and
subways have an operation mileage of 606.21, 2297.66 and 259 km in the Xi’an metropolitan
area, respectively.

3.2. Data Collection

Firstly, a comprehensive traffic network system is adopted, including railways, ex-
pressways, ordinary roads and subways (Table 1) in the calculation of regional traffic
dominance. The traffic network data are mainly from OpenStreetMap in January 2010
and October 2022 and is revised in accordance with Amap. Secondly, the data of county
boundaries and their government locations are from the National Geographic Information
Resources Services Directory System (www.webmap.cnn, accessed on 22 February 2023)
which provides the vector map data on a 1:1 million scale, and the data of town bound-
aries and their government locations are obtained by vectoring, coordinate registering and
correcting their county maps. Finally, we additionally use the data of the elevation, slope,
GDP, population, construction intensity and location (Table 2) to detect the influencing
factors of regional traffic dominance. It should be noted that taking into account the impact
of COVID-19 and the availability of data, the GDP and construction intensity in 2022 use
the relevant data from 2019 and 2022, respectively, which are able to better reflect the real
situation of the region.

Table 1. Types and descriptions of traffic data.

Type Subtype Description

Railway High-speed railway /
Conventional railway /

Expressway Expressway /

Ordinary road

Primary road Including national roads and urban main roads
Secondary road Including provincial roads and urban secondary roads

Tertiary road Including county roads and urban branch roads
Fourth-class road Including township roads and other urban streets

Other roads Including village roads or other unknown roads

Subway Subway /

Table 2. Data collection of influencing factors.

Data Source

Population Mainly derived from China’s 6th and 7th National Censuses data; some
missing data are provided by the local county government.

GDP

Using the data of China’s 1 km Grid GDP in 2010 and 2019 [55], which
are provided by the Resource and Environment Science Data
Registration and Publishing System of the CAS (www.resdc.cn,
accessed on 22 February 2023).

Elevation Extracted from 30 m DEM data based on ArcGIS, and the DEM data are
from the Geo-data Cloud platform (www.gscloud.cn, accessed on 22
February 2023).Slope

Construction intensity

Expressed by construction land areas, which are extracted from the
data of China’s Land-Use and Land-Cover Change (CNLUCC) based
on the 1 km Grid in 2010 and 2020 [56], and the data are provided by
the Research and Environment Science and Data Center of the CAS
(www.resdc.cn, accessed on 22 February 2023).

3.3. Methodology

When analyzing the regional traffic dominance pattern, we use two analysis methods:
the traffic dominance index and Moran’s index. The former is designed to analyze the
spatial distribution pattern of traffic dominance in the Xi’an metropolitan area, and the

www.webmap.cnn
www.resdc.cn
www.gscloud.cn
www.resdc.cn
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latter is used to detect its correlation pattern. Following this, we further use the geo-detector
model to explore the influencing factors of the traffic dominance. “Town” is the basic unit
in this paper.

3.3.1. Traffic Dominance Index

The traffic dominance index is composed of three dimensions (Figure 2): traffic net-
work density, traffic arterial influence and accessibility, and its value can be obtained by
weighting and summing each dimension after normalization [57]. The calculation formula
is the following:

TDi = ∑(TNDi × w1 + TAi × w2 + LDi × w3) (1)

where i represents the town units; TDi represents the traffic dominance in the town unit
i; and TNDi, TAi and LDi denote traffic network density, traffic arterial influence and
accessibility in the town unit i, with w1, w2 and w3 as their weights, respectively. Based on
the previous research [53], we set the weight value as follows: w1 = w2 = w3 = 1/3.

Land 2023, 12, x FOR PEER REVIEW 6 of 21 
 

Other roads Including village roads or other unknown roads 
Subway Subway / 

Table 2. Data collection of influencing factors. 

Data Source 

Population 
Mainly derived from China’s 6th and 7th National Censuses data; 
some missing data are provided by the local county government. 

GDP 

Using the data of China’s 1 km Grid GDP in 2010 and 2019 [55], 
which are provided by the Resource and Environment Science 
Data Registration and Publishing System of the CAS 
(www.resdc.cn, accessed on 22 February 2023). 

Elevation Extracted from 30 m DEM data based on ArcGIS, and the DEM 
data are from the Geo-data Cloud platform (www.gscloud.cn, ac-
cessed on 22 February 2023). Slope 

Construction intensity 

Expressed by construction land areas, which are extracted from 
the data of China’s Land-Use and Land-Cover Change (CNLUCC) 
based on the 1 km Grid in 2010 and 2020 [56], and the data are 
provided by the Research and Environment Science and Data 
Center of the CAS (www.resdc.cn, accessed on 22 February 2023). 

3.3. Methodology 
When analyzing the regional traffic dominance pattern, we use two analysis meth-

ods: the traffic dominance index and Moran’s index. The former is designed to analyze 
the spatial distribution pattern of traffic dominance in the Xi’an metropolitan area, and the 
latter is used to detect its correlation pattern. Following this, we further use the geo-detec-
tor model to explore the influencing factors of the traffic dominance. “Town” is the basic 
unit in this paper. 

3.3.1. Traffic Dominance Index 
The traffic dominance index is composed of three dimensions (Figure 2): traffic net-

work density, traffic arterial influence and accessibility, and its value can be obtained by 
weighting and summing each dimension after normalization [57]. The calculation formula 
is the following: 𝑇𝐷 = ሺ𝑇𝑁𝐷 × 𝑤ଵ + 𝑇𝐴 × 𝑤ଶ + 𝐿𝐷 × 𝑤ଷሻ (1) 

where 𝑖 represents the town units; 𝑇𝐷 represents the traffic dominance in the town unit 𝑖; and 𝑇𝑁𝐷, 𝑇𝐴 and 𝐿𝐷 denote traffic network density, traffic arterial influence and ac-
cessibility in the town unit 𝑖, with 𝑤ଵ, 𝑤ଶ and 𝑤ଷ as their weights, respectively. Based 
on the previous research [53], we set the weight value as follows: 𝑤ଵ = 𝑤ଶ = 𝑤ଷ = 1/3. 

 

Traffic dominance index

Traffic network 
density

Traffic arterial 
influence Accessibility

Figure 2. Traffic dominance index system.

Traffic Network Density

Traffic network density refers to the ratio of the length of traffic infrastructures to the
area in a region [58], which reflects the regional traffic dominance in quantity. The greater
the road network density, the stronger its ability to serve social and economic activities
within the region. The calculation formula is the following:

TNDi =
Li
Si

(2)

where TNDi represents traffic network density in the town unit i; Li represents the length
of the traffic infrastructures (including ordinary roads and subways) in the town unit i; and
Si represents the area in the town unit i.

Traffic Arterial Influence

Traffic arteries mainly refer to large or important transportation infrastructures [59],
including the HSRs, conventional railways, expressways, primary roads, secondary roads
and tertiary roads. They play an important role in the regional external linkages and
industrial layout locations, which reflect the regional traffic dominance in terms of quality.
Their influence value could be assessed by whether a town unit owns its arterial roads, or
the geographic distance to those arteries from its geometric center. Firstly, each type of
traffic artery will assign an influence value to a town unit and then add together all of the
assigned values of each artery to obtain the whole influence degree of traffic arteries for a
town unit. There are a total of 337 town units, and each town unit needs its traffic arterial
influence calculated. In view of the technical and economic characteristics of traffic arteries
of different types, as well as on the basis of the research by Jin Fengjun et al. [13] and Sun
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Hongri et al. [53], the assignment criterion of a traffic artery for the town unit is established
as follows (Table 3):

Table 3. The assignment criterion of traffic arteries.

Type Subtype Distance (km) Score

Railway

HSR

0 2.5
≤20 2

20–40 1
>40 0

Conventional railway

0 1.5
≤20 1

20–40 0.5
>40 0

Expressway Expressway

0 2.5
≤20 2

20–40 1
>40 0

Ordinary road

Primary road 0 1.5
>0 0

Secondary road 0 1
>0 0

Tertiary road 0 0.5
>0 0

In the “distance” column, where it is 0, it indicates that a particular type of infrastructure is within the examined
unit; where it is >0, it indicates that there is not a particular type of infrastructure in the examined unit; and where
it is ≤20, 20–40 or >40 km, it indicates that the distance between the geometric center of the examined unit and
the traffic arteries is less than or equal to 20 km, 20–40 km or more than 40 km, respectively.

Accessibility

Key node cities often play a leading role in the development of their surrounding
areas [59]. Accessibility, which reflects the local traffic dominance in terms of traffic location,
indicates the convenience of the study units to the key cities and additionally shows the
radiation opportunities and development potential of these units for key node cities. Its
value is determined by the average shortest travel time from the town to each node city,
based on the comprehensive traffic network system, and it is a reverse indicator. When
calculating travel time, different types of road speed assignments are shown in Table 4.
Among them, we set the walking speed to 5 km/h according to the research of Chen Shuting
et al. (2022) [52] and Wang Degen et al. (2018) [60]. The key node cities include the cities
and counties in this paper. Therefore, the accessibility of a town unit consists of two parts:
LDui represents the accessibility of cities, and LDvi represents the accessibility of counties.
Firstly, in the calculation of accessibility, we abstract the town units, cities and counties
into spatial nodes where the places are used for the location of their government. Their
numbers are 337, 4 and 26, respectively (Figure 1). Furthermore, the average shortest travel
time (accessibility) from each of the town nodes to all 4 city nodes needs to be calculated
and additionally for each of the town nodes to all 26 county nodes. Finally, the accessibility
of town units can be obtained by weighting and summing both parts. According to both
the expert scoring method [61] and the importance of node cities, the weight values of these
2 parts are set at 0.4 and 0.6, respectively. The calculation formula is as follows:

For cities:

LDui =
n

∑
i=1

m

∑
u=1

WuTiu (3)

For counties:

LDvi =
n

∑
i=1

m

∑
v=1

WvTiv (4)
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Accessibility:

LDi = 0.4
n

∑
i=1

m

∑
u=1

WuTiu + 0.6
n

∑
i=1

m

∑
v=1

WvTiv (5)

where LDi represents the accessibility of town unit i; u, v represent cities and counties,
respectively; Tiu and Tiv respectively represent the shortest travel time from the town unit
i to city u or county v; Wu represents the weight of city u; and Wv represents the weight
of county v. According to the expert assessment method, when u represents the cities of
Xi’an, Xianyang, Weinan and Tongchuan, Wu are determined to be 0.15, 0.25, 0.3 and 0.3,
respectively; Wv is carried out by the method of uniform weighting, and its value is the
following: W1 = W2 = . . . = Wv.

Table 4. Speed assignment of different types of roads.

Type HSR Conventional
Railway Expressway Subway Primary

Road
Secondary

Road
Tertiary

Road

Fourth-
Class
Road

Other
Roads Walk

Speed (km/h) 300 120 100 40 80 60 40 30 20 5

3.3.2. Moran’s Index

Moran’s index reveals the spatial aggregation and anomalies of geographical phenom-
ena [62], which could mirror the spatial correlation of traffic dominance between areas. The
index includes the Global Moran’s I and Local Moran’s I. The Global Moran’s I is utilized
to investigate the global spatial correlation characteristics of traffic dominance between
areas, and its positive values indicate a positive agglomeration, negative values indicate a
negative agglomeration and a value of 0 indicates a random distribution; furthermore, we
use the Local Moran’s I to identify their local correlation features that could be divided into
four types according to their value: high–high agglomeration (H–H), high–low agglomer-
ation (H–L), low–high agglomeration (L–H) and low–low agglomeration (L–L) [63]. The
calculation formulas of the Global and Local Moran’s I are as follows:

Global Moran’s I:

Global Moran’s I =
∑n

i=1 ∑n
j=1 Wij(xi − x′)

(
xj − x′

)
S2 ∑n

i=1 ∑n
j=1 Wij

(6)

S2=
∑n

i=1(xi − x′)2

n
(7)

where n is 337, which represents the number of town units; Xi and Xj represent the traffic
dominance of town units i and j; x′ represents the mean value of traffic dominance; and Wij
represents the weight.

Local Moran’s I:

Local Moran’s I =
(xi − x′)∑j=1 Wij

(
xj − x′

)
S2 (8)

A positive I means that areas with the same type of attribute values are adjacent, and a
negative I means that areas with different types of attribute values are adjacent. The larger
the absolute value of I, the higher the degree of proximity.

3.3.3. Geo-Detector Model

The Geo-detector model is a set of statistical methods for analyzing the spatial dif-
ferentiation of geographic phenomena and its driving factors [64]. This model includes
four analysis modules: factor, interaction, risk and ecological detection. Factor detection is
the most popular module and can be employed to detect whether the factor variable has a
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statistically significant impact on the regional traffic dominance and its explanatory power
q. The calculation formula of q is as follows:

q = 1− ∑L
h=1 Nhσh

2

Nσ2 (9)

where L represents the hierarchy of dependent variables or independent variables; N, σ2

represent the number of town units and the variance of the dependent variables, respec-
tively; and Nh, σh

2 represent the number and variance of layer h.

4. Results and Analysis
4.1. Distribution Pattern of the Traffic Dominance
4.1.1. Traffic Network Density

The traffic network density in each town was calculated on the basis of ordinary roads
and subways. According to the statistical distribution, the density in the 337 towns can be
divided into 5 grades (Figure 3). Major characteristics are shown as follows:

(1) The traffic network density went through a “core-periphery” pattern to a “point-axis”
pattern. The density progressively declined from the core to its peripheries in 2010
and from the point to its surrounding areas and the axis to its sides in 2022;

(2) The density of only a small number of towns was greater than or equal to 12 km/km2,
whereas the density of a large proportion of towns was less than or equal to 2 km/km2.
The proportion of towns with a density greater than or equal to 12 km/km2 did not
exceed 7% from 2010 to 2022, concentrated in Xincheng District, Lianhu District, Beilin
District Yanta District and Weiyang District of Xi’an city. However, a large proportion
of towns with a density less than or equal to 2 km/km2 occupied the periphery of the
metropolitan area, accounting for 79.82% in 2010 and 42.43% in 2022, respectively;

(3) In the density pattern, the towns with the rising grades were mainly distributed along
the Zhengzhou–Xi’an, Xi’an–Yinchuan and Xi’an–Yan’an HSRs, and the reason may
be that the development of these HSRs stimulated the economy in the areas along the
railways and increased the demand for traffic construction.
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4.1.2. Traffic Arterial Influence

According to the calculation results of the traffic arterial influence, we divided them
into five grades (Figure 4). Figure 4 shows the distribution pattern of the traffic arterial
influence in 2010 and 2022 based on railways, expressways, primary roads, secondary
roads and so on. Several results are summarized as follows:

(1) The traffic arterial influence always showed an “axis-spoke” pattern, gradually weak-
ening from the axis to both sides. In 2010, only the axis of Xi’an–Weinan was included,
and by 2022 there were two more, Xi’an–Yinchuan and Xi’an–Chengdu;

(2) Towns with a traffic arterial influence of over or equal to 6.5 linearized in space, which
had high spatial coupling with the development of HSR. In 2010, these towns were
mainly distributed along the Xi’an–Zhengzhou HSR, accounting for approximately
5.64%. With the construction of the Xi’an–Yinchuan and Xi’an–Chengdu HSRs, the
traffic arterial influence increased significantly in the areas along the HSRs, and the
proportion of these towns increased to 19.88% in 2022;

(3) Towns with a relatively low impact on traffic arteries were mainly distributed in
the periphery of the metropolitan areas, such as Zhouzhi County, Lantian County,
Huazhou District, Fuping County, Yaozhou District, etc.; however, their numbers
decreased from 2010 to 2022. The proportion of towns with an arterial influence of
3.0–4.5 and less than or equal to 3 decreased from 29.67% and 11.57% in 2010 to 9.20%
and 1.19% in 2022, respectively.
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4.1.3. Accessibility

Accessibility is usually measured by the travel time or distance from origin to desti-
nation [65–67]. We selected cities and counties to represent key node cities and adopted
the average travel time to key node cities to calculate the accessibility of town units. The
337 towns can be classified into 5 grades, based on a statistical distribution of accessibility
(Figure 5). Figure 5 illustrates the distribution pattern of accessibility in 2010 and 2022, and
its features are observed as follows:
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(1) Accessibility has always been a “core-periphery” pattern; however, the “core” evolved
from a “double-core” structure in 2010 to a “single-core” structure in 2022. Further-
more, accessibility decreased from the core to its peripheries;

(2) Towns with an accessibility of less than or equal to 30 min were mostly distributed in
the main urban areas of Xi’an city, such as Xincheng District, Lianhu District, Beilin
District, Weiyang District, Lintong District and so on. However, its scope expanded
to Sanyuan County in the northwest, to Huyi District southward, to Xingping City
westward and to Linwei District eastward, and the proportion of towns increased
from 19.88% in 2010 to 34.42% in 2022;

(3) Accessibility to most towns was within or under 60 min; however, there were still a
few towns whose accessibility was over 60 min or even more than 90 min. There were
247 towns whose access times were less than 60 min, accounting for 73.29% in 2010.
By 2022, the number of towns whose access times were less than 60 min increased
to 309, and the proportion increased to 91.69%. The towns whose access times were
more than 90 min were mainly located in the periphery of the metropolitan areas, and
their proportion reduced from 6.82% in 2010 to 1.19% in 2022.
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4.1.4. Integrated Traffic Dominance

The traffic network density, traffic arterial influence and accessibility can embody
the traffic dominance in different dimensions of the region. The traffic dominance index
integrates three dimensions to comprehensively reflect the integrated traffic dominance
and development potential of the region. According to the statistical distribution of its
values, the 337 towns can be classified into 5 grades (Figure 6): very poor (≤0.25), poor
(0.25–0.4), fair (0.4–0.55), good (0.55–0.7) and excellent (≥0.7). The distribution pattern of
the integrated traffic dominance can be characterized as follows:

(1) The traffic dominance patterns showed an unbalanced distribution feature that consis-
tently displayed a “point-axis” pattern. The “point” was situated in the main urban
area of Xi’an city in 2010; however, by 2022 its scope had gradually expanded in this
area, and at the same time, some small-scale “points” additionally formed in Linwei
District, Yangling District and other counties or districts as well;
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(2) Towns with excellent grades (≥0.7) in 2010 were mainly clustered in the districts
of Xincheng, Lianhu, Beilin, Yanta, Weiyang and Baqiao of Xi’an city in a block
style. By 2022, they were still concentrated in the six districts of Xi’an city; however,
Linwei County, Yangling District, Xingping City and other counties or districts were
additionally partially involved. Furthermore, the proportion of towns increased from
7.72% in 2010 to 25.82% in 2022, which indicated that the traffic dominance in the
main urban area of Xi’an city had the strongest support ability for economic society;
meanwhile, the abilities of Linwei District, Yangling District, Xingping City, etc.,
additionally had increasing trends;

(3) Towns with good grades (0.55–0.7) were clustered on the east–west axis, further
broadening to the eastern and northern areas from 2010 to 2022, with the percentage
of towns growing from 7.72% to 25.82%. Overall, the towns were mainly distributed
on the east–west axis within 30 km, indicating that the east–west axis within 30 km
had relatively strong comprehensive supporting capabilities for economic and social
development in the future;

(4) Towns with very poor (≤0.25), poor (0.25–0.4) and fair (0.4–0.55) grades were mostly
distributed in the fringes of their metropolitan areas that had already shown declines
in their numbers. Of those, the proportion of towns with poor grades decreased
significantly; it dropped from 19.29% in 2010 to 4.15% in 2022. Although the number
of towns with very poor grades had been the lowest, there were still 1.48% of towns
scattered in Zhouzhi County, Huazhou District and Fuping County on the edge of
their metropolitan areas in 2022.
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4.2. Correlation Pattern of the Traffic Dominance
4.2.1. Global Correlation Pattern

The first law of geography says that geographical objects or phenomena are related in
spatial distribution, marked by random, clustering and regularity distribution [62]. Table 5
shows the Global Moran’s index of integrated traffic dominance in the Xi’an metropolitan
area, which can reflect the spatial correlation characteristics between towns. As we can see
in Table 5, the Global Moran’s I of traffic dominance was greater than 0 and passed the
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significance test at the 1% level, indicating that the traffic construction and development
of towns positively correlated in the Xi’an metropolitan area from 2010 to 2022, which
was characterized by an agglomeration distribution in space. The Global Moran’s I, which
ranged from 1.13 in 2010 to 1.14 in 2022 changed little, illustrating that the traffic dominance
of towns in the Xi’an metropolitan area had a stable global relationship from 2010 to 2022.

Table 5. The Global Moran’s I of integrated traffic dominance.

Year Global Moran’s I Z P

2010 1.13 70.08 0.00
2022 1.14 69.59 0.00

“P” represents the significance level. When P is very small, it means that the observed spatial patterns are unlikely
to be randomly distributed. “Z” represents the standard deviation of the data set and reflects the degree of the
dispersion of elements.

4.2.2. Local Correlation Pattern

Through the study of the Global Moran’s I, it is found that the integrated traffic
dominance between towns was an agglomeration in space. Hence, we did more with the
Local Moran’s I to discover where the agglomeration was located. Figure 7 maps the traffic
dominance pattern by the Local Moran’s I in 2010 and 2022. From Figure 7, it can be found
that most towns with traffic dominance passed the significance test, accounting for 69.44%
in 2010 and 57.86% in 2022, respectively, and they mainly formed 3 kinds of agglomeration
types: high–high aggregation, low–low aggregation and low–high aggregation.
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The ratio of towns with high–high agglomeration areas was 39.17% in 2010 and 34.12%
in 2022, and they were mainly located in the main urban areas of Xi’an and Xianyang city,
which indicated that these areas were hot spots of transportation construction in the Xi’an
metropolitan area. Although the main urban area of Weinan City still formed a high–high
agglomeration area, the scale significantly reduced from 2010 to 2022.

The low–low agglomeration areas were mainly distributed in the Weibei hilly and
gully areas in the north of the Xi’an metropolitan area and the Qinling mountain areas in
the south of the Xi’an metropolitan area, such as Yaozhou District, Fuping County, Zhouzhi
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County, Lantian County, Huazhou District and so on; however, the ratio of towns involved
decreased from 27.89% in 2010 to 21.07% in 2022. It showed that the hilly and gully areas of
Weibei and the mountainous areas of Qinling Mountains were the zones with weak traffic
conditions, and the transportation construction and development of the Xi’an metropolitan
area should be paid more attention in the future.

The low–high agglomeration areas always nested on the edge of high–high agglomer-
ation areas, and the ratio of towns involved remained stable: 2.37% in 2010 and 2022. Some
towns had changed agglomeration type, whereas Lingzhao Town, Mingdu Town and Paoli
Town still maintained low–high agglomeration status.

The high–low agglomeration pattern was not apparent in the Xi’an metropolitan area,
and a single town showed the agglomeration pattern in 2022.

4.3. Influencing Factor

The regional traffic dominance is affected by multiple factors, such as the natural
environment, economy, population and so on. Referring to the research of Sun Hongri
et al. [53] and considering the principle of data availability and operability, the elevation,
slope, GDP, population and construction intensity (Table 6) are selected to analyze the
influencing factors of town traffic dominance. In the meantime, Section 4.1.4 found that the
traffic dominance in the main urban area of Xi’an city and its surroundings is relatively
high; therefore, this paper speculates whether the closer to Xi’an city, the higher the traffic
dominance. Therefore, we further introduce the location index (Table 6). After, this paper
uses the geo-detector model to find the factors in 2010 and 2022 by taking the integrated
traffic dominance as the explanatory variable and factor indices as the explanatory variables.
The results are shown in Table 7.

Table 6. The Global Moran’s I of integrated traffic dominance.

Factor Index Code Description Unit

Elevation X1 Average elevation in the town m
Slope X2 Average slope in the town degree
GDP X3 Gross domestic product in the town million yuan

Population X4 Number of permanent residents in the town person
Construction intensity X5 Construction land area in the town km2

Location X6 The distance between the town and Xi’an city km

Table 7. Factor detection results based on the geo-detector model.

Factor Index Code
q

2010 2022

Elevation X1 0.57 * 0.49 *
Slope X2 0.21 * 0.16 *
GDP X3 0.71 * 0.61 *

Population X4 0.26 * 0.19 *
Construction intensity X5 0.35 * 0.29 *

Location X6 0.90 * 0.85 *
* Represents that the significance test at the 0.01 level is passed.

The q values of the factor represent their ability to influence town traffic dominance,
as shown in Table 7. We can then see that the order of q values between the various factors
was the same in 2010 and 2022. Moreover, location, GDP and elevation had a greater impact
on town traffic dominance, whereas construction intensity, population and slope had a
relatively small influence.

Specifically, the q value of location (X6) was the largest among all factors, and its
values were 0.90 in 2010 and 0.85 in 2022, respectively, indicating that location had the
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strongest influence on town traffic dominance, and the closer a town was to Xi’an city, the
higher the traffic dominance.

The q value of GDP (X3) was positive in 2010 and 2022, and its values were relatively
high. This result showed that GDP had a greater positive impact on traffic dominance,
which may be because areas with higher economic levelshave a greater traffic demand to
meet daily production and life. The q value of elevation (X1) was additionally relatively
large, which was 0.57 in 2010 and 0.49 in 2022, respectively. Since the elevation has been
reversely standardized, it reflected that the higher the elevation, the lower the traffic
dominance. The q value of construction intensity (X5) was 0.35 in 2010 and 0.29 in 2022,
respectively. Compared with location and GDP, it had a limited impact on town traffic
dominance. In a further comparison with GDP, population (X4) had a relatively small
impact on traffic dominance, and its q values were only 0.26 in 2010 and 0.19 in 2022,
respectively, which indicated that the town’s traffic development was less dependent on the
regional population. The q value of slope (X2) was the smallest, indicating that its influence
strength was the lowest; however, similar to the elevation, it had a reverse effect on town
traffic dominance.

In addition, the q value of each index showed a decreasing trend from 2010 to 2022,
showing that the ability of each index to act on the town traffic dominance declined.
The primary reason was the fact that the economic integration development of the Xi’an
metropolitan area required internal traffic integration, which drove the development of
traffic construction in various towns. Of course, they were additionally affected by other
reasons; for example, the weakening effect of elevation and slope was additionally related
to the advancement of transportation technology. The advancement of technology reduced
the ability of the natural environment to limit traffic development, and the reasons for
the decrease in the impact of GDP were additionally linked to the country’s strategic
policies such as targeted poverty reduction and poverty alleviation, which accelerated
the construction of the industrial roads and poverty alleviation roads for poor areas in
recent years.

5. Discussion

There are a few theoretical implications to this paper. On the one hand, as far as study
areas are concerned, previous studies of traffic dominance were focused on countries [23,54],
large regions [24,53], urban agglomerations [25] or cities [15,27], and little attention has
been given to the metropolitan areas; moreover, as far as study units are concerned, most
of them concentrate on county units [24,51,59] and city units [68] and do not pay much
attention to town units. Furthermore, naturally, there is less literature to study the traffic
dominance of a metropolitan area based on town units. Therefore, this paper uses towns as
the basic units to research the traffic dominance in the Xi’an metropolitan area, which will
enrich the case choice and study units to a certain extent. On the other hand, the research
results further supplement and improve theoretical research of regional traffic dominance.

From the practice viewpoint, this research mainly includes two aspects. The first
aspect is that the study results can provide a scientific basis for the formulation of traffic
optimization strategies in the Xi’an metropolitan area. For example, in view of accessibility
dimensions, a travel time of less than 60 min is an important criterion in the boundary
delimitation for China’s metropolitan areas; however, by the end of the study period,
8.31% of towns still took longer than 60 min, of which 1.19%, including Hou Zhenzi,
Ban Fangzi and other towns, had a travel time of over 90 min. This finding implies that
relevant governments should focus more on these areas in the future and strengthen the
accessibility between them and their surrounding key node cities by constructing rapid
roads to improve the road network connectivity, so as to make these areas better integrated
into the construction and development of the Xi’an metropolitan area. From the perspective
of integrated traffic dominance, we can find that the Weibei hilly and gully areas in the
north of the Xi’an metropolitan area and the Qinling mountain areas in the south of
the Xi’an metropolitan area, especially Fuping District, Zhouzhi County and Huazhou
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District, have relatively poor traffic conditions and show the correlated characteristics of
low–low agglomeration. Because these regions have more complex topographic factors,
ecological protection is of higher importance, and there are more serious constraints on
traffic construction; we recommend that these areas are not suitable for large-scale transit
construction, and the green economy should be used as the guide to build industrial
channels to improve their traffic dominance which could serve the development of regional
ecology, agriculture, tourism and other industries.

The other aspect is that it is additionally beneficial to guide the rational layout of
regional industries, based on the study results. Traffic construction provides access and
media for spatial activities of production factors [69]. Areas with higher traffic dominance
are more likely to attract the aggregation of labor, capital, land, technology and other pro-
duction factors, which provide the basis for industrial economy aggregation [70], making it
easier to form industrial agglomeration areas and industrial scale development. According
to the research results, it can be found that the regional traffic dominance is higher in the
main urban area of Xi’an city and its east–west axis areas within 30 km; in other words,
these areas have a stronger agglomeration ability for industrial development. Therefore,
considering the regional functional orientation in the development planning of the Xi’an
metropolitan area [29], we suggest that the main urban area of Xi’an city should disperse
the general manufacturing and logistics industries in an orderly manner and strengthen the
guidance for financial business, the digital economy, R and D and design and other services
industries. Simultaneously, its east–west axis areas within 30 km should actively undertake
the industrial transfer from the main urban area of Xi’an city and the eastern coastal cities
and strive to promote the manufacturing, logistics, e-commerce, food processing and other
industries to gather along the axis areas.

It is noted that the main urban area of Xi’an city is relatively excellent in traffic
network density, traffic arterial influence, accessibility and its integrated traffic dominance;
however, these areas are the agglomeration centers of the economy and population in the
metropolitan area, and traffic congestion in these areas should be a concern. Accordingly,
we hold that it is necessary to clear regional broken roads, broaden the bottleneck roads
and improve the aging roads when formulating regional traffic optimization strategies in
the future, so as to smooth the microcirculation pattern of regional transportation.

6. Conclusions

This paper used the traffic dominance index and other methods to analyze the spatial
patterns and influencing factors of traffic superiorities on the foundation of the town divi-
sion in the Xi’an metropolitan area. The results showed that integrated traffic dominance
presented unbalanced distribution characteristics, which consistently displayed a “point-
axis” pattern from 2010 to 2022, and traffic network density, traffic arterial influence and
accessibility had different distribution patterns. The integrated traffic dominance among
towns had stable spatial agglomeration features in the whole Xi’an metropolitan area, and
it mainly formed three agglomeration patterns in the local areas: high–high aggregation,
low–low aggregation and low–high aggregation. Furthermore, it was additionally found
that location, GDP and elevation had a greater impact, whereas construction intensity,
population and slope had a relatively small effect on town traffic dominance, and their
influence abilities had a decreasing trend from 2010 to 2022.

The traffic dominance index could reveal the traffic condition of a certain area from
multiple dimensions, including traffic network density, traffic arterial influence and ac-
cessibility. Among the three dimensions, traffic network density was the reflection of
the “quantity” of transport infrastructure, traffic arterial influence reflected the “quality”
of transport infrastructure and accessibility indicated the traffic location “advantage” of
transport infrastructure. It is clear that the traffic dominance index is more comprehensive
and generalized than the single-dimension accessibility index; thus, this index will be a
good choice to evaluate the integrated traffic superiorities of metropolitan areas, urban
agglomerations, countries or other regions in the future. However, it should additionally be
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noted that we adopted the weight assignment method of an equal-weighted, expert scoring
or alternatively referred to the existing literature when calculating the traffic dominance
index, traffic arterial influence or accessibility, the weight assignment of which was rela-
tively subjective in general. Hence, further exploration and a combination of the objective
weighting methods (analytic hierarchy process, entropy weight method and so on) need to
be completed in the future. In addition, we set the same speed for the same road mode in
the calculation of accessibility. However, the speed of the same road mode varied in the
suburbs and urban areas, or in the peak period and off-peak period of traffic because of
traffic congestion. It is, therefore, valuable to simulate microscopically the speed of the
same road mode in different regions or different time periods so that the results are closer
to reality when calculating accessibility.

It is worth mentioning that transportation development is closely related to urban
land expansion. Noticeably, there was relatively high traffic superiority within 30 km of
the east–west axis in the Xi’an metropolitan area. This means that these areas, additionally,
can easily become high-intensity areas of land expansion. In order to avoid disorderly
expansion and urban sprawl in the metropolitan area, it is desirable to formulate scientific
urban planning to guide the rational layout of industries and to optimize the allocation of
land resources in the future.
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