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Abstract: Effective investment in transportation infrastructure ensures sustainable urban develop-
ment and high-quality economic development. Understanding transportation and socioeconomic
relationships is crucial for developing investment strategies. Existing research focuses on analyzing
the contribution of transportation to the economy or the contribution of economic development to
transportation, neglecting the identification of transportation infrastructure weaknesses to initiate
targeted investment and construction. In this study, we propose an assessment framework based on
the node—place model to identify the shortcomings in transportation infrastructure. The framework
encompasses the adaptability of the current transportation infrastructure and the stage of economic
development, evaluating whether the current transportation infrastructure is ahead of or lagging
behind the level of economic development. We conduct a case study on three kinds of transportation
infrastructure, including railways, highways, and civil aviation, in Zhejiang Province, China. The
results show that Zhejiang Province’s transportation infrastructure generally meets economic devel-
opment requirements, and most cities have relatively advanced transportation systems. However,
significant gaps in transportation facilities in certain areas still need to be targeted and supplemented.
These findings help to explore the theoretical relationship between transportation and socioeconomics,
providing a basis for economic investment decisions on transportation infrastructure.

Keywords: adaptability assessment; transportation and socioeconomics; node—place model; accessibility;
transportation infrastructure investment; regional sustainable development

1. Introduction

Transportation is a fundamental, pioneering, and strategic industry in the national
economy and an essential support for sustainable development, and it plays a substantial
supporting and leading role in economic development [1-3]. Over the next decade, ex-
panding transportation networks and accelerating the decarbonization process will create
huge potential for developing the global transportation infrastructure sector and long-term
positive investment. Adequate investment in transportation infrastructure is an essential
guarantee for sustainable urban development and high-quality economic development, as
well as a bridge to achieve synergistic development in different regions. In other words,
policymakers need to accurately understand the adaptability between transportation infras-
tructure and socioeconomic development and identify the weaknesses of transportation
infrastructure, which is vital for grasping the intensity of investment in transportation
infrastructure to improve inter-regional connectivity, increase development opportunities,
and promote regional sustainable development [4-6].
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The research on the relationship between transportation infrastructure and economic
growth provides empirical evidence for investing in transportation infrastructure to stimu-
late economic development. Those studies demonstrated that economic and transportation
infrastructure development are mutually influential and inextricably linked [7]. On the
one hand, continued economic development drives continuous changes in the spatial
structure of the regional economy, which in turn will increase the growth in travel demand
and stimulate the construction of transportation infrastructure to meet specific levels of
socioeconomic activity [8]. It has been found that economic growth provides opportunities
for people to travel long distances in the short term. Thus, there is more demand for
transportation services, i.e., economic growth drives the demand for air transportation in-
frastructure [9]. Meanwhile, it also provides financial guarantees and technical support for
transportation construction. For example, in 2019, China’s GDP exceeded 99 trillion yuan
and completed transportation infrastructure investment of 3.25 trillion yuan, an increase of
6.1% and 3.4%, respectively, over the previous year [10]. On the other hand, the importance
of transportation to economic growth has been fully evidenced in the course of historical
development, and investment in transportation infrastructure has proven to be crucial for
economic recovery and sustainable development [4-22]. Transportation infrastructure has
a large investment scale, a long construction cycle, a wide functional coverage, and other
characteristics that can not only directly create demand and promote economic growth but
also have a long-term impact on the economy and social development indirectly [23-25].
For example, when economic agglomeration is low, the effect of transportation infrastruc-
ture on productivity change is not significant, but it becomes apparent as agglomeration
increases [23].

The above studies either emphasize the economic contribution of transportation or
highlight the contribution of economic development to transportation, but they cannot
answer where the weaknesses of transportation infrastructure are in the context of current
social and economic development. Consequently, they cannot provide a basis for optimiz-
ing economic investment decisions in transportation infrastructure. Some research argues
that transportation and social development are closely connected, and transportation must
be compatible with social development and have a certain degree of advancement to create
favorable preconditions for social progress and sustainable economic development. Assess-
ing transportation socioeconomic adaptability seems appropriate to answer this question as
it emphasizes the relative relationship of the two elements or systems. As a matter of fact,
the socioeconomic adaptability problem of transportation has been a long-standing one.
Still, in recent years, with the rapid development of highways, high-speed railways, urban
railways, airlines, and other advanced and efficient transportation modes, these transporta-
tion facilities have become necessary foundations and guarantee the conditions to support
regional socioeconomic upgrading and development. At the same time, the socioeconomic
adaptability problem of the transportation system has become more prominent [26-29].

Here, this study attempts to unveil transportation socioeconomic adaptability to an-
swer the weaknesses of transportation infrastructure in contemporary social and economic
development and to provide effective investment decisions in transportation infrastruc-
ture toward sustainable urban development and high-quality economic development. To
achieve this goal, data on transportation infrastructure and economic development within
the Zhejiang Province, China, were collected as a case to analyze transportation socioeco-
nomic adaptability and develop policy recommendations for investment in transportation
infrastructure. The findings were supposed to contribute to and broaden the theory of
exploring relations between transportation socioeconomics. In practice, it assists policy-
makers, urban planners, and investigators in reallocating resources for urban development
and maximizing the potential contribution of transport infrastructure to socioeconomic
development, thus contributing to coordinated development between transportation and
social-economic systems.

The remainder of this paper is organized as follows. Section 2 describes the data
and related processing procedures of the collected datasets. Section 3 summarizes the



Sustainability 2024, 16, 4009 3of16

basic features of the study area and presents the adaptability of transportation and social
economics Section 4 discusses the policy implications through a case study, followed by a
conclusion about the findings, limitations, and possible extension of our work in Section 5.

2. Data and Methodology
2.1. Research Areas

Zhejiang Province is located in the south wing of the Yangtze River Delta on the
southeast coast of China, between 118°01’~123°10’ east longitude, with a total area of
105,500 square kilometers. As of the end of 2022, the resident population of Zhejiang
Province was 65.77 million, and its GDP was 7771.5 billion yuan, making it the only
province in China where the incomes of residents in all municipalities exceed the national
average. Zhejiang Province has two sub-provincial cities, Hangzhou and Ningbo; nine
prefecture-level cities of Wenzhou, Jiaxing, Huzhou, Shaoxing, Jinhua, Quzhou, Zhoushan,
Taizhou, and Lishui; 37 municipal districts, 20 county-level cities, and 33 counties (one of
which is an autonomous county), whose spatial distributions are shown in Figure 1.
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Figure 1. Research area.

2.2. Data and Resources

This study quantitatively analyzes the interaction between transportation infrastruc-
ture and economic development by establishing a method for evaluating the adaptability
of transportation infrastructure oriented to the actual service effect. The primary data
used include the GDP, resident population, and transportation infrastructures including
freeways, railways, and civil aviation airports, as well as the operation status of transporta-
tion infrastructures according to the V/C (volume-to-capacity ratios for certain types of
transportation facilities). The administrative boundary vector data of the province were
obtained from the Zhejiang Scientific Research Institute of Transport. The GDP and resident
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population data were collected from the Zhejiang Statistical Yearbook 2021, released by
the Statistics Bureau of Zhejiang Province. The freeway and railroad routes were down-
loaded from OpenStreetMap, and the airport locations were obtained from the Application
Programming Interface of Amap (https:/ /restapi.amap.com/v3/place/text?parameters
(accessed on 11 October 2022)). The freeway cross-section traffic data were obtained from
the National Arterial Highway Traffic Volume Manual 2019, published by the Transport
Planning and Research Institute. The railway-line operating data were provided by the
Institute of Comprehensive Transportation of the National Development and Reform Com-
mission. The civil aviation airport passenger throughput data were obtained from the
National Civil Transportation Airport Production Statistics Bulletin in 2021.

By the end of 2021, Zhejiang Province had a resident population of 64.68 million
and a regional GDP of 6.46 trillion yuan. Hangzhou City ranks first in the province in
terms of resident population and regional output value, with 11.97 million people and
1.61 trillion yuan, respectively; Zhoushan City has the lowest resident population and re-
gional GDP, with 1.16 million people and 0.15 trillion yuan, respectively (Figure 2a,b). There
are 24 railway lines in Zhejiang Province, with a total business mileage of
3160 km. Among them, there are five high-speed passenger lines, namely, Hukun High-
speed Railway, Hangchang High-speed Railway, Hangzhou-Shenzhen Line, Hangzhou-
Ningbo Line, and Jinwen Line; and seven passenger and freight lines, namely, Hukun
Line, North Ring Line, Beilun Line, Jingian Line, Jinwen Freight Line, Qujiu Line, and
Xiaoyong Line. The province has more than 100 railway stations (Figure 2c). The highway
mileage in Zhejiang Province is 123,900 km, and the expressway mileage is 5200 km. The
freeway includes 16 national freeways, such as Shenhai Expressway (G15) and Changshen
Expressway (G25), and 20 provincial freeways, such as Wenzhou Round City Expressway
(510) and Shanghai-Hangzhou-Ningbo Expressway (S2) (Figure 2d). Zhejiang Province
has a total of seven civil aviation transportation airports in operation. The annual passenger
throughput in 2019 was 70.1506 million, of which data according for 26.59 million were
sent; the cargo and mail throughput was 899,900 tons (Figure 2d).

2.3. Methodology

In this section, we have chosen an appropriate evaluation method to analyze the
transportation infrastructure and socioeconomic adaptability, and improved the selected
model based on research objectives. The indicators reflecting transportation infrastructure
and economic development were selected, and the calculation method was then derived to
complete the adaptability analysis of transportation infrastructure and economic develop-
ment.

2.3.1. The NP Model and the Modification

Delphi method, grayscale correlation, hierarchical analysis, principal-component
analysis, and data-envelopment analysis are commonly used to assess the adaptability
of different elements. In particular, the node-place (NP) model (Figure 3) is one of the
most-used methods to evaluate the adaptability between transportation and related or
expected elements [30]. The essence of the traditional node—place model is to divide the
plane space into five areas based on the node and place scores [31-35]. The node scores
refer to the level of overall development of transportation facilities, and the place scores
represent the degree of land development [36]. The category of “balanced” is located
almost in the center of the graph, where the node score is moderate and close to the place
score. The transportation and land use of the stations of this type are correlated to each
other and develop in a balanced manner. The node score of the “dependency” type at the
left-bottom of the chart is similar to that of the place score; however, the low values indicate
undeveloped transport and land use. In comparison, the “stress” type, with high node and
place scores, shows that transport and land use are highly developed and even have intense
competition for space. The “unbalanced node” and “unbalanced place” types represent
significant differences in the node and place scores. The node score of the “unbalanced
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node” is higher than the place score, and the regional land use intensity is low, whereas the
transportation system is developed well. Conversely, the node score of the “unbalanced
place” is lower than the place score, and the regional land use is compact and intensive,
whereas the transportation system is underdeveloped.
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Figure 2. Transportation and socioeconomic data in Zhejiang. (a) Population distribution. (b) Regional

GPD distribution. (c) Railway transit facilities. (d) Freeway and civil aviation airports.
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The NP model integrates two dimensions of features into the same plane and evaluates
the adaptability of the features through their relative positions, which is consistent with this
study’s objective of assessing transportation and socioeconomic adaptability. However, the
NP model proposed by Bertolini initially used an empirical, fuzzy approach to represent
the adaptability of a research framework that could not achieve quantitative assessment.
Therefore, based on the framework of the NP model, this study proposes evaluation
indexes for transportation socioeconomic adaptability to realize the quantitative analysis
and provide a basis for transportation infrastructure investment.

According to the NP model, the closer the two-dimensional adaptability of transporta-
tion infrastructure indicators and economic development indicators are to the diagonal
line represented by y = X, the more coherent the scale of transportation infrastructure is
with the social economy. Therefore, we use the distance from a point to a straight line in
plane geometry to analyze transportation infrastructure and socioeconomic adaptability.
As presented in Figure 4 by points A and C, the distance from point A to the diagonal line
represented by y = x (i.e., d1) is much larger than the distance from point C to the diagonal
line represented by y = x (i.e., d1), indicating that the transportation infrastructure indi-
cators and economic development indicators are more adaptable in point C than in point
A. Therefore, the distance from the two-dimensional coordinate point of a specific type of
transportation infrastructure and economic indicators to the diagonal line represented by
y =X, in a given region, is utilized to quantify the adaptability (A) of the transportation
infrastructure and the socioeconomic characteristics. It is calculated as Equation (1).

n—p 1
A =n—p, a €(-1,1) 1)
\/ﬁ—\? P (

where 7 is the value of the transportation infrastructure indicator, p is the value of the

. P . n— p . . . . .
socioeconomic indicator, J s the distance from the point to the diagonal line represented
V2

by y = x,%5" is used to ensure the absolute value of the adaptability is located in the
(0-1) interval. The closer the absolute value of the adaptability A is to 0, the stronger
the applicability of the transportation infrastructure and social economy. If A is greater
than 0, it indicates that the degree of development of transportation infrastructure is more
potent than that of the social economy. Conversely, if A is less than 0, the transportation
infrastructure is insufficient or lagging behind.
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Figure 4. Theoretical model of transportation socioeconomic adaptability.
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2.3.2. Transportation Infrastructure Indicators

In order to analyze transportation socioeconomic adaptability according to Equation (1),
derived from the NP model, transportation infrastructure indicators must first be identified. As
shown in Figure 5, the transportation infrastructure indicator is derived from the accessibility
and V/C of railways, freeways, and civil aviation facilities in county-level administrative areas.
The accessibility and V/C of county-level areas will be weighted based on the population and
regional GDP to determine the accessibility and V/C for the three modes of travel in prefectural
cities. Additionally, they are further adjusted based on the travel structure to calculate the
comprehensive accessibility (CA) and comprehensive V/C (C-V/C) of the transportation infras-
tructure in these cities. Finally, prefecture-level cities” integrated transportation infrastructure
development index (ITIDI) is determined through a 1:1 weighting of the CA and C-V/C of the

transportation infrastructure.
Population GDP Population GDP Population GDP
weighted weighted weighted weighted weighted weighted
railway railway freeway freeway civil civil
distance distance distance distance aviation aviation
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Figure 5. Transportation infrastructure indicator.

Accessibility reflects the availability and convenience of transportation infrastructure.
We therefore calculated it as the weighted sum of the distances from the resident population
of a prefecture-level city to the nearest railway station, freeway, and civil aviation airport.
For example, the definition of accessibility for railways is illustrated in Figure 6.

dmax

railway

dl

railway

railway

dma d,
S CZ

d

railway

Figure 6. Definition of accessibility.
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It is assumed that in a county-level region i with an area of S;, a railway (represented
by a solid yellow line) passes through region i. The shortest distance from the center of
the region i to the railway station is d;, and the maximum value of the shortest distance is
dmax. The inverse of the standardized shortest distance is taken as the accessibility, i.e., it is
assumed that the larger the shortest distance is, the lower the accessibility of the railway
facilities in the area. Similarly, if no direct railways are passing through the region, the
nearest railway (represented by a yellow dashed line) must exist, and the distance from
the regional travel center to the station on that railway must be d’. As d’ tends to infinity,
the accessibility tends to 0, indicating that the convenience of rail transportation in the
region is very low. Likewise, it implies that the convenience of reaching the region by
rail is also very low. The same principle applies to the accessibility of rectangular areas,
with variations only in the standardized correction coefficients for distance, which do not
impact the relative magnitude of the accessibility value. Considering the possibility that
the shortest distance is zero, the accessibility (a) is calculated as follows:

1

(& 1)

a; = ,ae(0,1) )

where S; denotes the area of a county-level region i and d; refers to the shortest distance from
the center of the region i to the railway station. The accessibility of a prefecture-level city is a
weighted sum of its county-level regional accessibility, as shown in the following equation:

a=Y am, ae(01) ®)

where 1; is the ratio of the population/GDP of a county-level city i to the population/GDP
of its prefecture-level city. The accessibility a being closer to 1 indicates higher accessibility,
and closer to 0 indicates lower accessibility.

The V/C is obtained by calculating and weighing the ratio of actual traffic flow to the
capacity of a specific transport facility, reflecting the capacity utilization of various types
of transportation infrastructure. After addressing the issues of availability and accessibility,
capacity utilization becomes another critical factor in determining the adaptability of trans-
portation infrastructure. The capacity utilization rate or load degree is an indicator of economy
and efficiency, and neither too high nor too low is reasonable; too high indicates that it has
become unadaptable, while too low indicates that it is excessively ahead of its time.

2.3.3. Socioeconomic Indicators

There is a high correlation between a city’s economic development level and its
transportation development, although this relationship varies according to the industrial
structure. To better reflect the interaction between transportation infrastructure conditions
and local economic development and considering that GDP per capita is the most direct
characterization of a city’s economic development level, this study proposes to use GDP
per capita to further analyze the interaction between transportation infrastructure and
economic development.

3. Results
3.1. Transportation Infrastructures in Zhejiang, China
3.1.1. Railway

Calculation of the distribution of accessibility and V' /C values of railways in county-
level cities is shown in Figure 7, where the county with the most excellent accessibility
is Tiantai County, Taizhou City (0.98), and the county with the lowest accessibility is
Shengsi County, Zhoushan City (0.05). Also, overall, the V/C of the area along the Hukun
Expressway is generally higher than that of other areas.
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Figure 7. Accessibility and V/C of railway. (a) Accessibility of railway. (b) V/C of railway.

The population-weighted value of the accessibility of railways in Zhejiang Province is
0.62, with the largest prefecture-level city being Quzhou (0.74) and the lowest prefecture-
level city being Zhoushan (0.22). The cities where the accessibility of railways is higher
than the province’s population-weighted value include Taizhou City, Ningbo City, Huzhou
City, Lishui City, Shaoxing City, and Quzhou City; the GDP-weighted value of the ac-
cessibility of railways in Zhejiang Province is 0.61, with the largest prefecture-level city
being Quzhou (0.75) and the lowest prefecture-level city being Zhoushan (0.21). Cities with
higher accessibility than the province’s GDP-weighted value include Ningbo City, Huzhou
City, Lishui City, Shaoxing City, and Quzhou City. The population-weighted value of
railway V/C in Zhejiang Province is 0.59. The highest prefecture-level city is Quzhou City
at 0.79, while the lowest is Zhoushan City at 0.39. Cities with a railway V/C higher than
the province’s population-weighted value include Shaoxing, Jinhua, Hangzhou, Huzhou,
Jiaxing, and Quzhou. The GDP-weighted V/C value of railways in Zhejiang Province is
0.60. The largest prefecture-level city for railway V/C is Quzhou at 0.80, while the lowest is
Zhoushan at 0.38. Cities whose railway V/C is higher than the province’s GDP-weighted
value include Shaoxing, Jinhua, Hangzhou, Huzhou, Jiaxing, and Quzhou.

3.1.2. Freeways

Calculating the distribution of freeway accessibility and V/C in county-level cities
is shown in Figure 8. The county-level city with the most considerable accessibility is
Zhenhai District, Ningbo City (1.00), and the county-level city with the lowest accessibility
is Shengsi County, Zhoushan City (0.08).
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Figure 8. Accessibility and V/C of freeways. (a) Accessibility freeways. (b) V/C of freeways.
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The population-weighted value of freeway accessibility in Zhejiang Province is 0.78,
with the largest prefecture-level city being Huzhou City (0.92) and the lowest prefecture-
level city being Zhoushan City (0.45), and the cities with freeway accessibility higher than
the province’s population-weighted value include Shaoxing City, Quzhou City, Ningbo
City, Jiaxing City, and Huzhou City; the GDP-weighted value of freeway accessibility in
Zhejiang Province is 0.77, with the largest prefecture-level city being Huzhou City (0.92)
and the lowest prefecture-level city being Zhoushan City (0.44). 0.92), and the lowest
prefecture-level city is Zhoushan City (0.44). Cities with freeway accessibility higher than
the province’s output-weighted value include Lishui City, Shaoxing City, Quzhou City,
Ningbo City, Jiaxing City, and Huzhou City. The population-weighted value of freeway
V/C in Zhejiang Province is 0.45, and the largest prefecture-level city is Wenzhou (0.53). The
lowest prefecture-level city is Quzhou (0.15), and the cities with freeway V/C higher than
the whole province’s population-weighted value include Ningbo, Lishui, Hangzhou, and
Wenzhou; the GDP-weighted value of freeway V/C in Zhejiang Province is 0.44, the largest
prefecture-level city is Hangzhou (0.55), and the lowest prefecture-level city is Quzhou
(0.15), and the cities with freeway V/C higher than the whole province’s GDP-weighted
value include Ningbo, Lishui, Hangzhou, and Wenzhou.

3.1.3. Civil Aviation Airports

Calculation of the distribution of accessibility and V/C of civil aviation facilities in
county-level cities is shown in Figure 9. The county-level city with the most significant
accessibility is Qujiang District of Quzhou City (0.85), and the county-level city with the
lowest accessibility is Shengsi County of Zhoushan City (0.06). The V/C of civil aviation
facilities in Taizhou Luqiao Airport and the cities around Yiwu Airport show higher values.

Legend
V/C of Civil Aviation Airport
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» Legend
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Figure 9. Accessibility and V/C of civil aviation facilities. (a) Accessibility of civil aviation facility. (b) V/C
of civil aviation facility.

The population-weighted value of civil aviation facility accessibility in Zhejiang
Province is 0.32, with the largest prefecture-level city being Quzhou City (0.47). The
lowest prefecture-level city is Huzhou City (0.20), and the cities whose civil aviation airport
accessibility is higher than the province’s population-weighted value include Ningbo City,
Taizhou City, Jinhua City, and Quzhou City; the GDP-weighted value of civil aviation
airport accessibility in Zhejiang Province is 0.32, with the largest prefecture-level city being
Quzhou City (0.47); the lowest prefecture-level city is Huzhou City (0.20). Cities with
civil aviation airport accessibility higher than the province’s GDP-weighted value include
Ningbo City, Taizhou City, Jinhua City, and Quzhou City. The population-weighted value
of the V/C of civil aviation facilities in Zhejiang Province is 1.17, with the largest prefecture-
level city being Jinhua (1.46) and the lowest prefecture-level city being Zhoushan (0.76).
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The cities with a civil aviation facility V/C that is higher than the province’s population-
weighted value include Jiaxing City, Huzhou City, Hangzhou City, Shaoxing City, Taizhou
City, and Jinhua City; the GDP-weighted value of V/C of civil aviation facilities in Zhe-
jilang Province is 1.17, with the largest prefecture-level cities being Jinhua City (1.44) and
Zhoushan City (0.76). The cities whose loads on civil aviation facilities are higher than the
GDP-weighted value of the province include Huzhou City, Jiaxing City, Hangzhou City,
Shaoxing City, Taizhou City, and Jinhua City.

3.2. Transportation Socioeconomic Adaptability

The prefecture-level cities” CA and V/C were obtained following the diagram in
Figure 5 and are presented in Table 1. According to the conclusion of the NP model
shown in Figure 10, Figure 11 presents the adaptability of transportation socioeconomics in
each city. Among them, the CA is the highest in Huzhou City, at 0.88, and the lowest in
Lishui City, at 0.22; the comprehensive V/C of transportation infrastructure is the highest
in Hangzhou City, at 0.61, and the weakest in Quzhou City, at 0.20; the comprehensive
development index of transportation infrastructure is the highest in Quzhou City, at 0.81,
and the lowest in Zhoushan City, at 0.50.

Table 1. Transportation infrastructure indicators.

Accessibility Capacity Utilization
City : A : P ITIDI
Railway Freeway Civil Aviation CA Railway Freeway Civil Aviation c-vic

Hangzhou 0.59 0.71 0.30 0.66 0.72 0.53 1.23 0.61 0.53
Huzhou 0.66 0.92 0.20 0.88 0.75 041 122 0.47 0.70
Jiaxing 0.60 0.85 0.22 0.81 0.75 0.38 1.22 0.45 0.68
Jinhua 0.59 0.70 0.42 0.69 0.69 0.40 1.45 0.44 0.62
Lishui 0.68 0.76 0.22 0.75 0.38 0.50 1.12 048 0.63
Ningbo 0.65 0.85 0.36 0.76 0.50 0.44 1.03 0.49 0.64
Quzhou 0.75 0.83 0.47 0.82 0.80 0.15 0.81 0.20 0.81
Shaoxing 0.73 0.82 0.31 0.80 0.64 0.42 1.28 0.46 0.67
Taizhou 0.61 0.76 041 0.75 043 042 1.38 0.42 0.66
Wenzhou 0.56 0.74 0.30 0.73 0.41 0.53 0.95 0.53 0.60
Zhoushan 0.21 0.44 0.31 0.41 0.43 0.41 0.76 0.42 0.50

14
§ Hangzhou @ @ Ningbo
= 12 Zhoushan @ Shaoxing
S Jlaxing
= ~--..... @ Huzhou
~ 8 ® Taizhou
© Wenzhou
S : ® Quzhou
2 6 Jinhua : Q
S 1shui
2 4
a
o 2

0

0 0.2 0.4 0.6 0.8 1
ITIDI

Figure 10. The NP model of transportation and socioeconomics.
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Figure 11. Transportation—-socioeconomic adaptability.

In the context of overall adaptation to the needs of economic development, the rela-
tive relationship between the level of transportation infrastructure development and the
level of economic development in different prefecture-level cities varies somewhat, and
the role of transportation infrastructure in economic development is also different. As
shown in Figure 10, the prefectural-level cities in Zhejiang Province did not accord with
the general law that transportation infrastructure develops following economic develop-
ment, indicating that the transportation infrastructure in Zhejiang Province, in general, no
longer corresponds to the stage of economic development, forming an apparent bottleneck
constraint. Figure 11 shows that the adaptability of Hangzhou, Ningbo, and Zhoushan
is negative, indicating that the level of development of transportation infrastructure lags
behind the level of economic development, and its efficiency will be better supported if
the quality of development can be further improved; the adaptability indexes of Shaoxing
are close to zero, indicating that the level of transportation infrastructure development is
comparable to the level of economic development, and it is believed that the transportation
infrastructure can better support the economic development; Jinhua, Lishui, Quzhou, and
other cities” adaptability indexes are positive, indicating that the level of development of
their transportation infrastructure is ahead of the level of economic development. They
need to emphasize the leading role of transportation in economic development.

4. Discussion

Overall, in Zhejiang Province, the transportation infrastructure has adapted to eco-
nomic development requirements. As shown in Figure 11, the majority of the cities’ trans-
portation socioeconomic adaptability indexes are between —0.5 and 0.5, indicating that
the stage of transportation infrastructure development is basically the same as the stage of
economic growth. In addition, most of the cities have a relatively advanced transportation
infrastructure (e.g., Quzhou, Jinhua) with the ability to lead future economic development;
in addition to implementing targeted complementary infrastructure short boards, it is
increasingly important to enhance the quality of transportation infrastructure from an
efficiency point of view, and to continue to enhance the comprehensive development of the
transportation system’s effectiveness.

As presented in Figure 10, Quzhou City has a better-integrated transportation in-
frastructure indicator mainly because its population and industries are closer to railways,
freeways, and civil aviation airport facilities and have higher accessibility. In terms of
facility loading degree, although the utilization rate of the surrounding railways is already
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relatively high, the railway passenger and the cargo share in its transport structure are
only 12.58% and 2.30%, respectively. At the same time, by comparison, Quzhou City can
lead other prefecture-level cities in terms of adaptability indicators, as its level of economic
development only ranks 10th in the province. The rapid growth of Quzhou’s transportation
infrastructure in recent years is mainly due to its geographical advantage as a “thorough-
fare of four provinces and the head of five roads”. Since the “13th Five-Year Plan”, the
construction of CNY 65 billion worth of significant transportation projects has been com-
pleted in Quzhou City, representing the best growth rate in transportation investment in
the province. It has gradually created a “four-in-one” transportation infrastructure system
based on the airport, high-speed rail station, ring road, and six-shot-highway network
system, better adapted to its function as a regional comprehensive transportation hub city.

Lishui City performed surprisingly well. Lishui City is ranked 9th in the province in
terms of economic development level, making it a relatively backward city. Still, because its
railways, freeways, and civil aviation airports generally do not have a high load, the overall
transportation infrastructure development is ahead of the socioeconomic development
level. In recent years, Quzhou City’s transportation infrastructure has been able to develop
relatively fast, mainly thanks to the large-scale investment of RMB 47.037 billion during the
13th Five-Year Plan period, which has strongly promoted the construction of many major
transportation infrastructure projects, such as the Jinliwen Railway, the Lishui Airport, the
Qu-Ning Railway, and the Jintai Railway:.

As the capital city of Zhejiang Province, Hangzhou's resident population and GDP at
the end of 2020 were 11.97 million people and CNY 1610.6 billion, respectively, the highest
in the province. Hangzhou is the second-largest city in Zhejiang Province in terms of area.
Therefore, the population coverage of the transportation infrastructure by all modes is rela-
tively low, with the population coverage of railways being less than 70% and the population
coverage of airports being less than 85%. In addition, as an international comprehensive
transportation hub, Hangzhou's transportation infrastructure is based in Zhejiang, radiates
across the country, and connects to the world. The transportation infrastructure continually
operates at a high capacity, with Hangzhou Xiaoshan International Airport, an international
aviation hub, operating in an overloaded state. The lower accessibility of rail and civil
aviation transportation infrastructure has pros and cons. The positive aspects lie in the
fact that it does not increase the pressure on the current infrastructure, which is already
overloaded, and at the same time, it facilitates the transfer of travel demand to rail and
civil aviation facilities through neighboring cities and promotes regional population mo-
bility. Regarding the negative aspects, lower accessibility reduces the quality of the travel
experience, inconveniences the uncovered areas of the city, and constrains the economic
development of peripheral regions.

Ningbo is the economic center of the southern wing of the Yangtze River Delta, an
industrial and commercial city in East China, and one of the financial centers of Zhejiang
Province. At the end of 2020, the resident population of Ningbo was 9.42 million people,
the third-highest in the province; the Gross Regional Product (GRP) was CNY 1241 billion,
the second-highest in the province; and the level of economic development was ranked
second in the province. There is still room for improvement in the coverage of Ningbo’s
transportation infrastructure, with the airport’s population-coverage rate being less than
83%. In addition, similar to Hangzhou, Ningbo is an international comprehensive trans-
portation hub. The operating load of other external transportation infrastructures besides
railways is relatively high, especially since Ningbo Lishe International Airport is already
operating in a saturated state.

As the smallest prefecture-level city in Zhejiang Province in terms of land area,
Zhoushan City’s resident population and GDP at the end of 2020 were 1.16 million people
and RMB 151.2 billion, respectively. Zhoushan City, because of its geographical location
with the sea on all sides, is currently the only prefecture-level city in the province without
railways. External links rely mainly on the Yongzhou high-speed single channel, and
land access is not yet fully interconnected with Shanghai and other major cities in the
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Yangtze River Delta. Because of this, the city-to-railway and city-to-freeway distances in
the province are also the largest, and all kinds of facilities for the population coverage
are low. The level of sufficient railway and freeway support for economic development
is significantly lower than that of other prefecture-level cities. In fact, the transportation
infrastructure that supports Zhoushan City’s economic development is maritime trans-
portation. The gross marine product accounts for more than 65% of its GDP, and the cargo
throughput of the port area has reached 571 million tons, far exceeding that of other modes
of transport.

Railway, freeway, and civil aviation transportation infrastructure in Zhejiang Province
has basically adapted to the current economic and social development needs, from the
point of view of spatial development of land resources and regional economic development;
however, in parts of the region, regarding the coverage of the facilities, there are still
prominent short boards, with transportation infrastructure having not yet adapted to the
transformation of the regional pattern of economic development, and a need for targeted
supplementation of infrastructure shortcomings. First, the short board of facility network
coverage includes Dongyang City, Jingning County, Taishun County railway infrastructure,
Wuyi County, Suichang County, and Qingyuan County freeway infrastructure. The second
is the short board of facility network capacity, such as the Hukun high-speed railway,
Hangzhou Metropolitan Area Ring freeway, the Ningbo-Taizhou-Wenzhou freeway Linhai
City section, Hangzhou, Ningbo, Taizhou, Yiwu Airport, etc. Currently, the load degree is
high, which can be improved by planning and constructing alternative routes, as well as
reconstructing and expanding of existing facilities.

5. Conclusions

Based on an improved NP model, this paper proposes a research framework for the
adaptability of transportation—social-economy development. Taking Zhejiang Province as
an example, a quantitative assessment of the adaptability of transportation infrastructure
and economic development is conducted, addressing the weaknesses of transportation in-
frastructure within the context of current social and economic development and providing a
basis for optimizing economic investment decisions regarding transportation infrastructure.
The research reveals that the transportation infrastructure in Zhejiang Province generally
meets the requirements of economic development, with most cities having relatively ad-
vanced transportation infrastructure. Alongside targeted supplementation of infrastructure
shortcomings, it is crucial to improve quality from an efficiency perspective and continually
enhance the efficiency of the integrated transportation system. For instance, due to its
proximity to railway, freeway, and aviation facilities, Quzhou city exhibits high accessibility,
and its transportation development indicators are relatively advanced compared to social
and economic development levels. Conversely, Hangzhou, with a larger area, has relatively
lower coverage of transportation infrastructure, particularly railway and airport coverage,
indicating a slight lag in transportation infrastructure compared to social and economic
development. Finally, the paper provides development policy recommendations, including
addressing infrastructure gaps, enhancing overall efficiency, promoting green and low-
carbon development, and embracing intelligent transformation. Overall, this study serves
as a basis for economic investment decisions in transportation infrastructure in Zhejiang
Province and contributes to exploring the theoretical relationship between transportation
and the economy.

This study assesses the adaptability between transportation infrastructure (railways,
freeways, and civil aviation) and socio-economy, using the city as the spatial unit for
analysis. However, transportation infrastructure also includes intra-city transportation
infrastructure, such as urban roads and urban rail transit lines, which are not included
in this study. In addition, this study merely uses GDP to indicate the level of economic
development and analyze its coordination with transportation infrastructure. At the same
time, different industrial structures have various relationships with transportation infras-
tructure, and different industrial structure characteristics have differentiated requirements
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for transportation infrastructure facilities. Therefore, the subsequent research can further
analyze the adaptability of transportation infrastructure and economic development within
the city by combining the data on urban public transportation. On the other hand, since the
relationship between transportation infrastructure and economic development is dynamic,
the subsequent data can be continually accumulated to complete the roll-up assessment
of the relationship and, from the time dimension, analyze the reasons why transportation
infrastructure and economic development are coordinated or uncoordinated at a partic-
ular historical stage, which is conducive to finding the political, economic, and cultural
characteristics that promote the synergistic development of the two. In addition, since
different industrial structures have different requirements for transportation infrastructure
facilities, subsequent research needs to anchor itself in a specific economic structure to
analyze the coordinated characteristics of the two and to realize the coordinated structural
development of transportation infrastructure and the economy.
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