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Abstract: The coupling coordination relationship between regional highway transportation and new
urbanization is an increasingly important issue in the field of regional sustainable development. This
paper aims to establish an index system and develop an integrated method to measure the coupling
coordination between regional highway transportation and new urbanization. The evaluation
index system comprised two hierarchies, six aspects and 19 indexes, which were weighted by the
entropy weight method (EWM). Furthermore, a coupling degree model (CDM) and a coupling
coordination degree model (CCDM) were established based on the statistical data from 2011 to 2017
in Heilongjiang Province, China. The ArcGIS spatial analysis method was utilized to analyze the
spatial-temporal coupling evolution characteristics of the two subsystems. The findings revealed
that the development level of the two subsystems showed an upward tendency. The coupling
degree between the two subsystems was leaping from antagonistic stage to breaking-in period. The
coupling coordination degree between the two subsystems was the transition stage from imbalance
to coordination. Specifically, the spatial differentiation characteristics of the coupling coordination
development between the two subsystems were prominent in Heilongjiang Province, China. The
results showed that the approach combining CCDM with ArcGIS spatial analysis can be applied as
an effective method to explore the spatial-temporal evolution of coupling coordination development.

Keywords: regional highway transportation; new urbanization; coupling coordination degree;
spatial-temporal evolution; Heilongjiang province

1. Introduction

Regional highway transportation and new urbanization are the important parts of
regional coordination development, which is an increasingly important issue in the field of
regional sustainable development. It is critical that the coordinated development of regional
highway transportation and new urbanization promotes regional economic development
and society. Due to its convenience, accessibility and flexibility, highway transportation
occupies an important position in the comprehensive transportation system. Regional
highway transportation is essential for socioeconomic development. New urbanization is
the new engine for China’s economic growth [1]. Regional highway transportation and
new urbanization mutually promote and restrict each other. Regional highway transporta-
tion plays a vital role in new urbanization development, and new urbanization creates
opportunities for regional highway transportation development [2]. The total highway
mileage and urban population have more than tripled from 1978 to 2022, with the total
highway mileage growing from 890 thousand kilometers to 5.35 million kilometers, and
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the urbanization rate has increased from 17.9% to 65.2%. In March 2014, the National
New Urbanization Plan (2014-2020) (NNUP) was issued by the Central Committee of
the Communist Party of China and the State Council. The literature has clearly pointed
out that transportation is significant for promoting new urbanization development, and
transportation plays a significant role in supporting and leading urbanization patterns.
There are dynamic evolution and spatial characteristics of coupling coordination devel-
opment between regional highway transportation and new urbanization [3]. Therefore, it
is essential to explore the coupling coordination relationship between regional highway
transportation and new urbanization in order to adapt to the demand for sustainable
regional socioeconomic development. It is important to formulate the plan for regional
highway transportation development and realize the coordinated development of regional
highway transportation and new urbanization.

This paper aims at analyzing the spatial-temporal characteristics of the coordinated de-
velopment between regional highway transportation and new urbanization in Heilongjiang
Province, China using the coupling degree model (CDM) and the coupling coordination de-
gree model (CCDM). Firstly, a two-coupling analysis indicator system is developed, which
includes the regional highway transportation and the new urbanization subsystems, to
quantitatively measure the level of regional highway transportation and new urbanization
development. Secondly, the CDM and the CCDM are utilized to quantify the coupling
relationship between two subsystems in Heilongjiang Province, China. Finally, the Ar-
cGIS spatial analysis method is used to analyze the spatial-temporal coupling evolution
characteristics of the two subsystems from a spatial-temporal evolution perspective.

The rest of this paper is organized as follows. Section 2 analyzes the existing re-
search on the interaction between regional highway transportation and new urbanization.
Section 3 describes the materials used in this paper and the methodology, including the
selection and the weights of indicators under the subsystems and the implementation of
CDM and CDDM. Section 4 presents the results and discussions of the coupling coordina-
tion based on the models proposed in Section 3. The main conclusions of this paper are
summarized in Section 5.

2. Literature Review

The interaction between regional highway transportation and new urbanization has
been investigated extensively by scholars. Most of the existing studies on the relationship
between regional highway transportation and new urbanization generally point out that
there is a significant positive correlation between the two subsystems. Related studies
mainly focus on the following aspects: the effects of regional highway transportation on
new urbanization, the effects of new urbanization on regional highway transportation,
the interaction between regional highway transportation and new urbanization, the co-
ordinated development between transportation and new urbanization, and the coupling
coordination relationship and spatial-temporal evolution characteristics between trans-
portation and new urbanization. In the first aspect, Kotavaara et al. [4] found that the
level of urbanization has been continuously improved with the improvement of railway
infrastructure in Finland by analyzing the data on railway infrastructure and the urban
population from 1880 to 1970. Fan [5] found that transportation played a leading role
in new urbanization by analyzing the requirements of new urbanization development
on transportation. In the second aspect, Li et al. [6] put forward the countermeasures
according to the trends and characteristics of transportation development in the process of
new urbanization. Wanke et al. [7] explored the impact of the urbanization level on trans-
portation efficiency, and the research showed that the efficiency of big cities is higher and
that of medium-sized cities is lower. Shan [8] empirically analyzed the development ideas,
framework and main tasks of comprehensive transportation against the background of new
urbanization, taking the Chengdu-Chonggqing urban agglomeration as an example. In the
third aspect, some studies explored the interaction between transportation and new urban-
ization development from a qualitative perspective [9-13]. For example, Poumanyvong [9]
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investigated qualitatively the interactive relationship between transportation and new
urbanization development. In recent years, most of the studies have adopted quantitative
methods to explore the synergistic relationship between two subsystems. For example,
Song et al. [14] and Li [15] used the time-series data analysis methods to explore the correla-
tion between highway transportation and new urbanization. Chen et al. [16], Mo et al. [17],
Tang et al. [18], Guo [19] and Wu et al. [20] utilized the econometric methods to analyze
empirically the interaction between transportation and new urbanization. Liu et al. [21],
Yang et al. [22], Deng [23], Zhou et al. [24] used the spatial econometrics methods to analyze
empirically the contribution of transportation infrastructure to new urbanization, and the
research results showed that the transportation infrastructure has a significant positive
effect on new urbanization. In the fourth aspect, Tang et al. [25,26] constructed the fitness
model of integrated transportation service and new urbanization based on the entropy
weight method and used the methods of factor analysis and K-Means clustering to explore
the collaborative partition between the two subsystems. Current studies have discussed
the coupling coordination relationship between transportation and new urbanization and
analyzed the coupling characteristics between the two subsystems. In the fifth aspect, Wu
et al. [27] used the CCDM to calculate the coupling degree and coupling coordination
degree among new urbanization, transportation network and service industry agglomer-
ation. Chen et al. [28] and You et al. [29] used the CCDM to quantitatively analyze the
coordination development of transportation system and new urbanization. Ji et al. [30] used
the traffic dominance model, CCDM and ArcGIS spatial analysis method to analyze the
coupling characteristics between urbanization and traffic superiority in Yunnan Province,
China. Wang et al. [31] utilized the CCDM and visualization tools to analyze the coupling
coordination spatial pattern of land traffic accessibility and urbanization in the Yangtze
River Economic Belt.

In summary, many scholars have carried out relevant studies on the coupling coordi-
nation between highway transportation and new urbanization. However, there are still the
following shortcomings in the research. First, the current studies mainly focused on East
China, the Yangtze River Economic Belt and other important regions from the perspective
of provincial scope or municipal scale. The empirical research is insufficient in Heilongjiang
Province, China. Secondly, the existing empirical research mostly evaluates and measures
the coordinated development level of new urbanization and highway transportation, and
the research on the action mechanism and influencing factors of the coordinated develop-
ment of the two subsystems is relatively lacking. Thirdly, most studies used time-series
data analysis methods to explore the relationship between the two subsystems, without
the description and comparative analysis of the coordinated spatial pattern and evolution
characteristics of new urbanization and highway transportation in different regions.

Therefore, this paper chooses 12 prefecture-level cities in Heilongjiang Province, China
as the research areas, constructs an evaluation index system of coupling coordination
development between regional highway transportation and new urbanization, measures
the coupling coordination degree of the two subsystems, and then analyzes the spatial—-
temporal evolution characteristics from 2011 to 2017. The object of this paper is to provide a
theoretical basis for promoting the coordinated development between the two subsystems
as well as to realize regional sustainable development.

3. Materials and Methods
3.1. Study Area

This paper analyzed the coupling coordination degree and spatial-temporal dynamic
evolution characteristics between regional highway transportation and new urbanization
from 2011 to 2017 in Heilongjiang Province, China (Figure 1).
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Figure 1. Location of Heilongjiang Province in China.

Heilongjiang Province is located in Northeast China. It covers the 12 prefecture-level
cities of Harbin, Qiqihar, Mudanjiang, Jiamusi, Daqing, Jixi, Shuangyashan, Yichun, Qitaihe,
Hegang, Heihe, Suihua and the Greater Hingan Mountains, with a total area of 473,000 km?
(including Jiagedaqi and Songling District). In 2018, the urbanization rates of permanent
residents and registered population were 60.1% and 50.05% in Heilongjiang Province, at
0.52 and 6.68 percentage points higher than the national average level, respectively. The
above two indicators had been close to the goal proposed in the New-type Urbanization
Plan of Heilongjiang Province (2014-2020). The total built highway was 167,115.7 km,
of which the expressway was 4511.8 km, the first-class highway was 2729.2 km and the
secondary highway was 11,930.9 km, with 11.5% of secondary and above highways in
Heilongjiang province. The highway freight volume was 429.43 million tons, accounting
for 68.9% of the total freight volume, and the highway freight turnover was 81.07 billion
tons per km, accounting for 42.2% of the total freight turnover. The highway passenger
volume was 207.39 million, accounting for 61.0% of the total social passenger turnover,
and the highway passenger turnover was 15.41 billion kilometers, accounting for 17.8%
of the total social passenger turnover. It can be seen that highway transportation has
become the leading mode of transportation in Heilongjiang Province. With promoting
the all-round revitalization of Heilongjiang, coordinated development between regional
highway transportation and new urbanization plays an important role in realizing the
high-quality development of the regional economy.

3.2. Data Acquisition and Preprocessing

To quantify the interrelationship between regional highway transportation and new
urbanization in Heilongjiang Province, China, the original data needed for the two sub-
systems were collected from the China City Statistical Yearbooks from 2011 to 2017, the
Statistical Bulletin on National Economic and Social Development of the 12 prefecture-level
cities, including Harbin, Qigihar, Mudanjiang, Jiamusi, Daqing, Jixi, Shuangyashan, Yichun,
Qitaihe, Hegang, Heihe and Suihua (except for the Greater Hingan Mountains), and the offi-
cial website of the Heilongjiang Provincial Bureau of Statistics (http:/ /www.hlj.stats.gov.cn,
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accessed on 21 June 2019). The spatial vector data of the prefecture-level city administrative
boundary in the graph data originated from the national 1:4 million basic geographic infor-
mation systems. The latitude and longitude coordinates of each city point were collected by
Baidu coordinate pickup, and were then imported into the ArcGIS 10.2 software ArcMap
module to determine the location of each city. The value of the comprehensive evaluation,
coupling degree and coupling coordination degree of regional highway transportation and
new urbanization were calculated, respectively, using the developed methods in this study.
The above data are manually imported into the ArcGIS software operation platform to
obtain the spatial-temporal distribution bottom map of coupling coordination development
between regional highway transportation and new urbanization.

In order to eliminate the effects of dimension, magnitude, and positive and negative
orientation, Formulas (1) and (2) were used to standardize the raw data [32,33].

Positive indicator: vy

gy = L M
Xjmax — Xjmin
Negative indicator:
Yij = jmax  Xij (2)
Xjmax — Xjmin

where x;; represents the value of indicator j in year i, and Xjmax and Xjmin indicate the
maximum and minimum value of the indicator j, respectively.

3.3. Index System

Following the principles of scientificity, systematicness, index measurement and data
availability, and referring to the relevant research results [27-31], the evaluation index
system of coupling coordination development between regional highway transportation
and new urbanization was constructed according to the data characteristics, as shown in
Table 1.

Table 1. Evaluation index system of coupling coordination development between regional highway
transportation and new urbanization.

Subsystem First-Class Index Second-Class Index Unit Attributes
Car ownership per 100 households veh +
Development level The proportion of grade highway % +
Operating vehicle ownership 10* veh +
Regional highway - - "

transportation Highway mileage 10* km +
Expressway mileage km +

Development scale 4
Passenger Volume 10%p +
Freight Volume 10* ton +
The proportion of urban population % +

Population The prop.ortlon of urban populatl(?n .
L employed in the secondary and tertiary Yo +

urbanization . .
industries
Registered urban unemployment rate % -
The per capita dlspgsable income of urban Yuan N
E ic urbanization residents

New urbanization conomic Per capita GDP Yuan +
Gas penetration rate % +
Amount of household garbage clearance 10* ton +
Ecological urbanization Green coverage rate of the built-up areas % +
Per capita park green space area m? +
Number of health institutions Pcs +
Social urbanization Road area per capita m? +
Built-up area km? +
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As shown in Table 1, seven indicators were selected representing the development
level of regional highway transportation from the two dimensions of development level
and scale. From the four perspectives of population urbanization, economic urbanization,
ecological urbanization and social urbanization, 12 indicators were selected representing
the development level of new urbanization.

3.4. Methods
3.4.1. Entropy Weight Method

Since the entropy weight method (EWM) calculates the indicator weight and avoids
subjectivity according to the information provided by the raw data, the EWM has been
applied in many research fields [34,35]. In this study, the indicator weights of regional
highway transportation and new urbanization subsystems were calculated by the EWM.
The steps are as follows [36]:

Firstly, calculate the proportion of the indicator j in year i:

Y, = 21— 3)

In the formula above, m is the total number of samples.
Secondly, calculate the entropy value of j indicator:

1 m
e = *M; (Y InYy) 4)

Thirdly, calculate the utility value of each indicator:
d] =1- Ej (5)

Fourthly, calculate the indicator weight of x;.

! 6)

Finally, calculate the comprehensive level in year i :

n

S = Z wj X Yijs (Si = Tr;, UI’,') 7)
j=1

where 7 is the number of indicators; Tr; is the regional highway transportation indicator;
and Ur; is the new urbanization indicator.

The raw data (2011-2017) describing the 19 indicators representing the level of regional
highway transportation and new urbanization development in Heilongjiang Province,
China were processed using these steps on a time scale (Table 1). The relevant values were
subsequently calculated.

3.4.2. Coupling Degree Model

The concept of coupling originates from the physical sciences and has been widely
used in various fields [37-39] to describe the intensity of interactions between two or
multiple systems [40]. The CDM was utilized to analyze the interaction between regional
highway transportation and new urbanization, as shown in the Formula (8).

1/2
Cl' _ TT‘i X U?’i (8)
[(Tr; + Ur;) /2]
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where C; denotes the coupling degree, C; € [0, 1].
The classification of the coupling degree between regional highway transportation
and new urbanization was determined [41], as given in Table 2.

Table 2. Classification of coupling degree of two subsystems.

Serial Number Range of Coupling Coupling Level

1 (0.0,0.3] Primary stage

2 (0.3,0.5] Antagonistic stage
3 (0.5,0.8] Breaking-in stage
4 (0.8,1.0] High-level coupling

3.4.3. Coupling Coordination Degree Model

The CCDM was established to analyze the coupling coordination relationship between
regional highway transportation and new urbanization development. The formulas were

given as follows [42].
D; = \/CiXTi (9)

T; = aTr; 4+ BUr; (10)

where D; represents the coupling coordination degree, D; € [0,1]; T; represents the inte-
grated development index of two subsystems of regional highway transportation and new
urbanization, and Ur; denote the regional highway transportation and new urbanization
index, respectively, and « and 8 represent their contribution. In this study, it is assumed
that « = 0.4 and B = 0.6 considering that regional highway transportation can promote
the development of new urbanization to some degree, but new urbanization develop-
ment depends on the influence of other factors and is not limited to regional highway
transportation [27-31,43].

Referring to the research results [44,45], the criteria for classifying the coupling coordi-
nation levels of regional highway transportation and new urbanization were determined
as given in Table 3.

Table 3. Classification of coupling coordination levels.

Serial Range of Couplin, ... Serial Range of Couplin ..
Number Cgoordinatign 8 Coordination Level Number C%)ordinatign 8 Coordination Level
1 0.0000-0.0999 Extreme imbalance 6 0.5000-0.5999 Barely coordination
2 0.1000-0.1999 Serious imbalance 7 0.6000-0.6999 Primary coordination
3 0.2000-0.2999 Moderate imbalance 8 0.7000-0.7999 Intermediate coordination
4 0.3000-0.3999 Mild imbalance 9 0.8000-0.8999 Good coordination
5 0.4000-0.4999 Imminent imbalance 10 0.9000-1.0000 Quality coordination

As shown in Table 3, the coupling coordination level of regional highway transporta-
tion and new urbanization was divided into 10 classes according to the value of the degree
of coupling coordination. When the value of the coupling coordination degree is below
0.5, it belongs to the class of imbalanced development; otherwise, it belongs to the class of
coordinated development.

3.5. Research Framework

In this study, a systematic framework is developed to analyze the coordination rela-
tionship between regional highway transportation and new urbanization in Heilongjiang
Province, as shown in Figure 2. The main steps are:

(1) Construction of the index system. A regional highway transportation index subsystem
from two aspects (development level and development scale) and a new urbaniza-
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tion subsystem from four aspects (population urbanization, economic urbanization,
ecological urbanization, and social urbanization) were constructed.

Establishment of the analysis model. The EWM was used to evaluate the development
level of regional highway transportation and new urbanization of the 12 prefecture-
level cities in Heilongjiang Province, the CDM was used to measure the coupling
degree between the two subsystems, and the CCDM was used to measure the coupling
coordination degree between the two subsystems.

Analysis of the spatial-temporal characteristics. The ArcGIS spatial analysis method
was used to analyze the spatial-temporal coupling evolution characteristic of the
two subsystems.

Analysis of conclusions and suggestions. We drew the conclusions of the full text
and tried to offer scientific suggestions for achieving the coordinated development
between the two subsystems.

r Entropy Weight Method l

Population Urbanization

& I

Regional Evaluation New Economic Urbanization
Highway Urbanizati
: System anization _ o
Transportation L Subsystem Ecological Urbanization
Subsystem }
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Degres Analysis Coordination ‘ Degree Model
System Degree
Spatial-temporal ArcGIS Spatial Analysis

Characteristics Analysis Method

{

Conclusions

Figure 2. Overview of research framework.

4. Results and Discussion

4.1. Weight of Each Index of Regional Highway Transportation and New Urbanization Subsystem

The weight of each index was calculated using Formulas (1)-(6), and the specific

results are shown in Tables 4 and 5.

Table 4. Weight of index of regional highway transportation subsystem.

Sub-System First-Class Index Second-Class Index Entropy Value Weight
Car ownership per 100 households 0.836 0.166
Development level The proportion of grade highway 0.889 0.112
Regional highway Operating vehicle ownership 0.768 0.234
transportation Highway mileage 0.884 0.117
Expressway mileage 0.900 0.101
Development scale Passenger Volume 0.884 0.117
Freight Volume 0.848 0.153
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Table 5. Weight of index of new urbanization subsystem.

Sub-System First-Class Index Second-Class Index Entropy Value Weight
The proportion of urban population 0.840 0.078
ati The proportion of urban population
Popu' at19n employed in the secondary and tertiary 0.764 0.116
urbanization industries

Registered urban unemployment rate 0.868 0.065
The per capita dlspgsable income of 0.894 0.052

Economic urbanization urban residents

icu izati .

New urbanization Per capita QDP 0.896 0.051
Gas penetration rate 0.746 0.124
Amount of household garbage clearance 0.857 0.070
Ecological urbanization ~ Green coverage rate of the built-up areas 0.857 0.070
Per capita park green space area 0.558 0.217
Number of health institutions 0.901 0.049
Social urbanization Road area per capita 0.894 0.052
Built-up area 0.885 0.056

As shown in Table 4, the three indices that have the greatest effect were car ownership
per 100 households, operating vehicle ownership, and freight volume. Taken together,
these indictors account for 55.3% of the total impact. As a whole, the development level
is the most important factor influencing the comprehensive level of regional highway
transportation at the subsystem level.

As shown in Table 5, the ecological urbanization has the maximum weight, and is the
most important factor influencing the comprehensive level of new urbanization subsystem.
It is followed by population urbanization, economic urbanization and social urbanization.
The per capita park green space area, gas penetration rate and the proportion of the urban
population employed in the secondary and tertiary industries have the greatest effect on
new urbanization, accounting for 45.3% of the total impact.

4.2. Development Level of Regional Highway Transportation and New Urbanization in Each City

Formula (7) is utilized to evaluate the development level of regional highway trans-
portation and new urbanization from 2011 to 2017 in Heilongjiang Province, respectively,
as shown in Figure 3.

As shown in Figure 3, Suihua, Jiamusi, and Jixi are the top three cities and Harbin,
Yichun, and Heihe are at the bottom in the rank of the level of new urbanization devel-
opment. The average level is 0.725, a relatively high level, which means that the cities of
Suihua, Jiamusi, Jixi, Qigihar, Hegang, and Qitaihe are at a higher level, while the cities
of Harbin, Yichun, Heihe, Shuangyashan, Mudanjiang and Daqing are at a lower level.
The difference of regional highway transportation level is significant in 12 prefecture-level
cities. The levels of regional highway transportation development vary significantly across
cities. Heihe ranks the first, Suihua, Qigihar and Harbin follow, and Qitaihe, Hegang, and
Shuangyashan rank the last in the level of new urbanization development. The average
level of regional highway transportation development is 0.6575, which is relatively high.
The difference of regional highway transportation level is significant in 12 prefecture-
level cities.
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Figure 3. The evaluation result of comprehensive evaluation function score of regional highway

transportation and new urbanization of the 12 prefecture-level cities in Heilongjiang Province.

4.3. Coupling Degree between Regional Highway Transportation and New Urbanization in
Each City

Figure 4 shows that the coupling degree in the CDM is more objective to reflect the
interaction degree of the two subsystems in different cities.

[0 Coupling development degree

06 r s Average level

e
wn

Coupling development degree

0.3

o
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&
=

S
=

=] 0w-level coupling
===Noderate-level coupling 0.5
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Yichun
Qitaihe
Hegang
Heihe
Suihua
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2 B
E
T o

Mudanjiang
Shuangyashan

Figure 4. Level of coupling development of two subsystems in different cities.



Sustainability 2023, 15, 16365

11 of 16

As shown in Figure 4, the average level of coupling development is 0.467. The
prefecture-level cities with low-level coupling account for 83%, and the prefecture-level
cities with moderate-level coupling account for 17%. This proves that the regional high-
way transportation subsystem and the new urbanization subsystem continue to develop,
sometimes causing conflicts. From the development process, the coupling degree between
regional highway transportation and new urbanization can be attributed to the fluctuating
stage from low-level coupling to moderate-level coupling. The levels of regional highway
transportation development lagged behind new urbanization.

Taking 12 prefecture-level cities in Heilongjiang Province, China as research samples,
the coupling degree of the two subsystems in 2011, 2013, 2015 and 2017 is calculated,
and the radar map of spatial differences of coupling degree is drawn according to the
classification standard of coupling degree, as shown in Figure 5.

Heihe ¢ W Mudanjiang 2011
—=-2013

Hegang Jiamusi 2015
——2017

Shuangyashan

Figure 5. Coupling degree between the two subsystems in different cities.

From the perspective of the overall development trend, the coupling values of regional
highway transportation and new urbanization in Heilongjiang Province from 2011 to 2017
are distributed between 0.4 and 0.49999, and, overall, are in the antagonistic stage. In
2017, the coupling degree of most regional highway transportation and new urbanization
was between 0.49 and 0.50, in the leap from the antagonism to the run-in stage. With the
further development of the provincial highway network and new urbanization planning in
Heilongjiang Province, the coupling degree of regional highway transportation and new
urbanization will enter the run-in stage. From the perspective of the coupling degree, the
average level of coupling degree was 0.467, 0.486, 0.486, and 0.495, respectively, in 2011,
2013, 2015 and 2017, and the average level of the coupling degree increased from 0.467 in
2011 to 0.495 in 2017.

4.4. Coupling Coordination Degree between Regional Highway Transportation and New
Urbanization in Each City

The coupling coordination degree can better reflect the comprehensive development
of both subsystems. Based on the level of regional highway transportation and new
urbanization development, this study uses one kind of situation to discuss the coupling
coordination development between regional highway transportation and new urbanization
subsystems: &« = 0.4 and B = 0.6. According to the classification table of coupling
coordination degree (Table 2), the majority of the prefecture-level cities have achieved
coordinated development. Suihua, Qiqgihar, Jixi and Jiamusi have a relatively high degree
of coordination development. The results show that the coupling coordination degree
between two subsystems is lower than 0.6 in the eight prefecture-level cities of Heihe,
Mudanjiang, Hegang, Daqing, Qitaihe, Shuangyashan, Jixi, Yichun and Harbin. The results
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also show that its regional highway transportation and new urbanization development
level is low, or different. The trends of the coupling coordination level between regional
highway transportation and new urbanization in Heilongjiang Province are shown in
Figure 6.
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Figure 6. Level of coupling coordination development of the two subsystems in different cities.

As shown in Figure 6, the coupling coordination level between the two subsystems
in 12 prefecture-level cities increased steadily during 2011-2017. Up to 2017, most cities
reached the level of being above barely coordinated, and the development trend was
positive, indicating that the regional highway transportation and new urbanization devel-
opment in Heilongjiang Province tended to be increasingly coordinated.

Taking 12 prefecture-level cities in Heilongjiang Province as the research samples, the
coupling coordination between regional highway transportation and new urbanization in
2011, 2013, 2015 and 2017 was calculated and the spatial difference of coupling coordination
degree was illustrated, as shown in Figure 7.

) ﬁ-—-— ——2011

Mudanjiang /‘,,'. i‘& A.‘\‘\‘\ Hegang —=—2013
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Figure 7. Coupling coordination degree between the two subsystems in different cities.
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From the perspective of overall development trends, the coupling coordination degree
between regional highway transportation and new urbanization in Heilongjiang Province
showed a good growth trend, and the overall level has been continuously improved. In
2011, the coupling coordination degree was distributed between 0.2000 and 0.4999, which
was overall in the disorder stage, including three cities in moderate disorder, and four and
five on the verge of disorder. In 2017, the coupling coordination degree was between 0.5000
and 0.6999, and overall was in the coordination stage, including eight cities in the barely
coordinated stage and four in the primary coordination stage. From the perspective of
the degree of coupling coordination, the 12 prefecture-level cities in 2011, 2013, 2015 and
2017 were 0.374, 0.438, 0.482, and 0.577, respectively, and the average level of coupling
coordination rose from 0.374 in 2011 to 0.577 in 2017.

4.5. Spatial Evolution of the Coupling Coordination between Regional Highway Transportation and
New Urbanization

There are spatial-temporal characteristics in the coupling system of regional highway
transportation and new urbanization. Therefore, it is important to explore the spatial
evolution of the coupling coordination between regional highway transportation and new
urbanization in Heilongjiang Province, China. In order to further analyze the spatial
evolution of the coupling coordination between regional highway transportation and new
urbanization, the data on the degree of coupling coordination between the two subsystems
in 12 prefecture-level cities in Heilongjiang province were selected and visualized using
the ArcGIS 10.2 software platform, as shown in Figure 8.
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Figure 8. Spatial-temporal coupling coordination evolution between regional highway transportation
and new urbanization in Heilongjiang Province.

From the perspective of spatial differences, there are obvious regional differences
in the coupling coordination degree between regional highway transportation and new
urbanization. In 2011, the coupling coordination of regional highway transportation and
new urbanization in Heilongjiang Province was in the disorder stage, including the five
cities of Harbin, Daqing, Mudanjiang, Shuangyashan and Qitaihe that were on the verge of
imbalance; the cities of Jixi, Suihua, Hegang and Yichun were in the mild disorder stage,
and Qiqgihar, Jiamusi and Heihe cities were in the moderate imbalance stage. In 2017,
the coupling of regional highway transportation and new urbanization in Heilongjiang
Province is in the coordination stage. Harbin, Daging, Mudanjiang, Shuangyashan, Qitaihe,
Hegang, Yichun and Heihe are in the barely coordinated stage, while Qiqihar, Suihua,
Jiamusi and Jixi are in the primary coordination stage. On the whole, the coordination level
of regional highway transportation and new urbanization in Heilongjiang Province, China
has been continuously improving, with significant spatial differentiation characteristics.
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5. Conclusions

The former analysis suggests that there is a significant positive correlation between
regional highway transportation and new urbanization. In addition, the results of the empir-
ical analysis vary by taking different regions as research areas. The work presented in this
paper has explored the coupling coordination relationship between regional highway trans-
portation and new urbanization to provide support for regional sustainable development
in Heilongjiang Province, China. Based on the data on regional highway transportation
and new urbanization development in Heilongjiang Province, China from 2011 to 2017,
using the comprehensive evaluation model, the coupling coordination model and ArcGIS
spatial analysis technology, we measured the coordination degree of regional highway
transportation and new urbanization in 12 prefecture-level cities in Heilongjiang Province,
China, analyzed the spatial-temporal evolution characteristics of coordinated development
and revealed the spatial-temporal coupling law of regional highway transportation and
new urbanization. The following conclusions were obtained:

(1) The regional highway transportation and new urbanization in Heilongjiang Province,
China shows a steady development trend. The comprehensive evaluation value of
the regional highway transportation development level increased from 0.243 in 2011
to 0.537 in 2017, and the comprehensive evaluation value of the new urbanization
development level increased from 0.189 in 2011 to 0.767 in 2017. Regional highway
transportation is not synchronized with the development of new urbanization, and
the development of regional highway transportation lags behind the development of
new urbanization in Heilongjiang Province, China.

(2) The coupling degree of regional highway transportation and new urbanization is
in the antagonistic stage to the run-in stage, the coupling degree is at a low level,
the growth range is small, and there are certain regional differences in Heilongjiang
Province, China.

(8) The coupling coordination degree of regional highway transportation and new ur-
banization crossed from the disorder stage in 2011 to the coordination stage in 2017,
and the coordination level has been continuously improved in Heilongjiang Province,
China. From the overall spatial difference in the degree of coupling coordination, it is
determined that the spatial difference characteristics are prominent.

Due to data limitations, the coupling coordination between regional highway trans-
portation and new urbanization is developed from a municipal scale in this paper. In
the future, we need to build the multiscale and multimechanism analysis framework of
coupling coordination development between the two subsystems. In order to understand
the spatial scale effect of coupling coordination development between the two subsystems,
we need to explore the coupling evolution characteristics and coordination mechanism
between the two subsystems based on multiscale analysis.
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