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Abstract

Scientific and technological innovation and the sustainable development of new urbanization are
the key factors to promote national economic growth, and have a very important role in promoting
regional development and international competitiveness. Based on the panel data of 16 cities in
Chengdu-Chongqing dual-city economic circle from 2015 to 2022, this paper uses entropy weight
method to determine the weight of each index and constructs a coupling coordination model to explore
the sustainable development of scientific and technological innovation and new urbanization, the Panel
Vector Autoregression (PVAR) model was used to further verify the interaction between the two.
The empirical results show that the coupling coordination degree of scientific and technological
innovation and new urbanization in Chengdu-Chongqing economic circle is increasing year by year.
There is a balanced relationship between scientific and technological innovation and new urbanization,
and the two are two-way Granger causality. Therefore, the conclusion puts forward the practical
enlightenment of increasing investment in scientific and technological innovation, guiding enterprises
to carry out scientific and technological innovation to feedback new urbanization and accelerate the

construction of new urbanization, and actively integrating with urban development.
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Introduction

New urbanization is an urbanization mode of
urban and rural integration, ecological environmental
protection, mutual promotion and coordinated
development of large, medium and small cities and new
rural communities [1]. The level of new urbanization is
an important factor to measure the economic and social
status of a country or region, and it is also a key pillar of
national economic development [2]. The construction of
new urbanization absorbs the collection of scientific and
technological industries and high-end technical talents,
thus driving the city’s scientific and technological
innovation output [3]. Technological innovation promotes
the progress of industrial intelligence and promotes the
level of urban public facilities [4]. Innovation drives
the release of economic vitality and promotes the
construction of new urbanization [5]. The construction
of new urbanization also breeds the development of
scientific and technological innovation, forms the
sustainable development linkage between scientific
and technological innovation and new urbanization,
and jointly promotes the process of national (regional)
economic and social development [6, 7].

The promotion of scientific and technological
innovation and new urbanization construction to the
sustainable development of society is mainly manifested
in the following points: Firstly, the development of
scientific and technological innovation promotes the
renewal of industrial facilities and equipment and the
improvement of intelligent level [8], which promotes the
improvement of production efficiency to a certain extent,
thus reducing the waste of non-renewable resources
and carbon emissions caused by the production and
operation process [9-11]. Secondly, the new urbanization
construction promotes the improvement of residents’
living standards [12], attracts highly educated and
high-tech talents, provides human resources supply
for regional industrial development, and promotes the
improvement of regional economic level to a certain
extent [13, 14]. Thirdly, the development of scientific
and technological innovation helps to promote the
development of regional high-tech industries and has a
certain role in promoting the improvement of regional
economic structure, thus driving economic growth and
residents’ employment [15].

Located in the upper reaches of the Yangtze River,
the Chengdu-Chongqing Economic Circle is the region
with the highest population density, the most open
market and the highest level of development in western
China. It has great economic development potential and
room for improvement. The development of Chengdu-
Chongqing economic circle is centered on Chengdu
and Chongqing, which plays a radiation and driving
role in Sichuan, Chongqing and even the whole western
region. The sustainable development of scientific and
technological innovation and new urbanization in the
Chengdu-Chongqing Economic Circle and the “Belt
and Road” initiative promote each other, which has

a constructive role in improving the international
competitiveness of China’s Chengdu-Chongqing region,
and has a strong role in promoting the economic
upgrading of China’s western region and the smooth
development of China’s “internal circulation™ strategy.
Therefore, the research on scientific and technological
innovation and new urbanization in Chengdu-Chongqing
economic circle has certain practical significance.

Although the research on wurbanization and
technological innovation has been relatively rich, the
research on the synergy between the two is still lacking.
Compared with previous studies, the innovation of
this paper is mainly reflected in the following aspects:
(I) Analyze the interaction mechanism between
technological innovation and new urbanization. Through
the previous investigation and related data collection,
this paper analyzes the mechanism of the interaction
between scientific and technological innovation and
new urbanization. (2) This paper constructs the coupling
coordination model of technological innovation and
new urbanization. By measuring the coordinated
development degree of the two, this paper analyzes the
coordinated development status and trend of scientific
and technological innovation and new urbanization
in the economic circle of Chengdu and Chongging.
(3) The PVAR model is used to test the interaction
between scientific and technological innovation and new
urbanization in Chengdu-Chongging economic circle,
summarizes the conclusions, and puts forward specific
feasible development suggestions.

The research contributions of this paper can
be summarized as follows: (1) It further enriches
the research in the field of new urbanization and
technological innovation. In the research literature
on scientific and technological innovation and new
urbanization, the research area is taken as the entry
point, and the research object is concentrated in the
eastern provinces and economic zones of China. This
paper takes the Chengdu-Chongging twin-city economic
circle as the research object, which has certain reference
value for the western region of China and the overall
development of China. (2) Further enriched the research
on the direction of sustainable development. This paper
not only explores the mutual promotion relationship
between scientific and technological innovation and
urbanization development, but also links them with the
sustainable development standards of regional economy,
which provides some reference for the direction of
national sustainable development. (3) While discussing
the development level and development relationship
between scientific and technological innovation and
new urbanization, this paper puts forward specific
suggestions to promote the sustainable development
of new urbanization and scientific and technological
innovation, which is helpful to provide some reference
value for the sustainable development of related fields.

The second section after this section reviews the
previous research on urbanization and technological
innovation. The third section expounds the index
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system of this research, and constructs the coupling
coordination model of technological innovation and
new urbanization. The fourth section introduces the
Chengdu-Chongging economic circle, calculates
the weight of each index of the two subsystems of
technological innovation and new urbanization through
the entropy weight method, and systematically analyzes
the empirical results of the study. The unit root test,
cointegration test, Granger causality test and impulse
response research methods are used to further verify
the relationship between scientific and technological
innovation and new urbanization in the Chengdu-
Chongqing twin-city economic circle.

Literature Review

At present, the development of scientific and
technological innovation and new urbanization has
attracted the attention of many scholars, and the relevant
literature has been more comprehensive. This paper
sorts out the existing literature according to three
parts: scientific and technological innovation, new
urbanization, and the relationship between scientific
and technological innovation and new urbanization
development.

Scientific and technological innovation plays an
important role in social and economic development [16].
Wang et al. [17] believe that scientific and technological
innovation plays a very important role in national
economic growth. WU et al. [18] also emphasized the
contribution of scientific and technological innovation to
national economic growth. Verganti et al. [19] introduced
the popularization of artificial intelligence and the im-
portance of scientific and technological innovation, and
found that artificial intelligence can affect the innovation
environment. Litvinenko and Sergeev [20] explored the
role of scientific and technological innovation in the
development of resource economy is discussed, and the
role of scientific and technological innovation enterprises
in the development of natural resources sector is
emphasized. Scientific and technological innovation
is conducive to the improvement of resource economy.
Based on the sample data from 2011 to 2019, Ding et
al. [21] explored the digital economy, high-quality
economic development and scientific and technological
innovation in 30 provinces of China by using empirical
research methods such as intermediary effect model, and
verified that scientific and technological innovation has
a certain role in promoting the high-quality development
of the digital economy. Ouyang et al. [22] used the two-
way fixed effect model to study the relationship between
China’s environmental regulations and scientific and
technological innovation in the industrial sector, and
concluded that environmental supervision has a negative
impact on the scientific and technological innovation
of state-owned enterprises. Ahmad et al. [23] believes
that from a long-term perspective, economic growth and
natural re-sources have a positive effect on the expansion

of ecological footprint, and scientific and technological
innovation can effectively alleviate this situation.

The construction of new urbanization is conducive
to low-carbon environmental protection and urban
sustainable development [24]. Cai [2] emphasized
the importance of new urbanization construction.
Yu [25] used the provincial panel data from 2003 to
2017 to empirically analyze the ecological effects of
new urbanization from four different aspects, such as
population and environment, and found that within the
research time range, China’s new urbanization process
has a certain role in promoting pollutant emission
control, which verifies the role of new urbanization in
promoting regional sustainable development. Cheng and
Wang [26] used the DID model to study the relationship
between new urbanization and urban total factor energy
efficiency, and confirmed that the construction of new
urbanization is conducive to the improvement of urban
energy efficiency. Wu et al. [27] believe that in the
process of rapid urbanization in China, the problem of
air pollution is becoming more and more serious. The
construction of new urbanization is helpful to improve
air quality, especially for the improvement of low air
quality quantile. The impact of new urbanization on
environmental pollution will have different effects due
to the change of new urbanization level [28]. Therefore,
the country should pay attention to the construction
of new urbanization, promote the promotion effect of
new urbanization on ecological protection and energy
efficiency, and promote the healthy development of
regional economy.

The interactive development of scientific and
technological innovation and new urbanization has a
certain role in promoting the sustainable construction
of cities [9]. Feng et al. [29] think that under the
background of economic development, the scientific
and technological innovation and new urbanization in
various provinces are showing a trend of development,
and the degree of coupling and coordinated development
of the two is also on the rise. The development of
new urbanization is not only closely related to urban
infrastructure, but also highly related to scientific and
technological innovation industries such as intelligent
communication [1]. Ning et al. [30] used the data of
Changsha-Zhuzhou-Xiangtan urban  agglomeration
from 2000 to 2020 as a sample to verify the role of
scientific and technological innovation in promoting
new urbanization by empirical analysis. Fu et al. [31]
found that scientific and technological innovation has a
significant role in promoting new urbanization, and there
is a spatial spillover effect. Li [32] believes that new
urbanization and scientific and technological innovation
are intertwined, and scientific and technological
innovation is an indispensable element in the process of
new urbanization. Tu et al. [33] selected the data of the
Yangtze River Delta urban agglomeration from 2005 to
2019 as the research sample, and used the PVAR model
to empirically analyze the relationship between scientific
and technological innovation and new urbanization.
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The study found that the impact of scientific and
technological innovation on new urbanization is weak,
while in areas with high-level new urbanization, the
impact of scientific and technological innovation on it is
more significant.

In summary, scientific and technological innovation
and new urbanization development are conducive
to the improvement of regional economic level and
sustainable construction. Scientific and technological
innovation promotes the improvement of urban public
facilities and industrial equipment, which is conducive
to the improvement of intelligent production level and
the improvement of people’s quality of life [34], and
plays a certain role in promoting the new urbanization
process. The development of new urbanization has an
agglomeration effect on financial resources, industries
and talents, thus promoting the sound development of
urban scientific and technological innovation. The two
complement each other, promote each other, and make
positive contributions to urban prosperity.

Material and Methods

At the end of 2014, China’s first batch of new
urbanization pilot projects were released, and some
cities in the Chengdu-Chongging economic circle were
shortlisted. Coordinating the radiation and driving role
of the central cities in the Chengdu-Chongqing Economic
Circle, combined with the implementation time of the
new urbanization policy, taking 2015 as the research
starting point, selecting 2015-2022 as the research
time range, selecting 16 cities such as Chongqing
and Chengdu as the regional scope, exploring the
sustainable development of scientific and technological
innovation and new urbanization, providing direction
for the construction of new urbanization in China, and
providing certain reference value for the sustainable
development of the country (region). The research data
come from the Sichuan Provincial Bureau of Statistics,
“Chongqing Statistical Yearbook”, “Sichuan Statistical
Yearbook” and “National Statistical Yearbook”. A very
small number of original data are missing, and linear
prediction methods are used to estimate and fill them.

Selection of Indicators

According to the focus of the “National New
Urbanization Plan (2014-2020)”, this paper determines
the first-level indicators of the new urbanization
subsystem as economic development, population
urbanization, public services, green environmental
protection and residents’ life. Based on the “Japanese
science and technology indicators” and the systematic
analysis of scientific and technological innovation,
the scientific and technological innovation indicators
are summarized into two categories: scientific and
technological R&D investment and scientific and
technological R&D output. This paper selects 15

secondary indicators of per capita GDP, per capita
retail sales of social consumer goods, per capita general
public budget income, urbanization rate of house-
hold registration population, proportion of employees
in the second and third industries, number of beds in
health institutions per 10,000 people, number of health
institutions per 10,000 people, water supply penetration
rate, gas penetration rate, green coverage rate of built-up
areas, sewage treatment rate, harmless treatment rate of
urban domestic waste, per capita urban road area, per
capita disposable income of urban residents, and per
capita consumption expenditure of urban residents. The
second-level indicators of scientific and technological
innovation include internal expenditure of R&D funds,
full-time personnel of R&D personnel, number of
patents applied per 10,000 people and number of patent
grants.

Model Construction

The weighting method is divided into subjective
weighting method and objective weighting method.
In order to avoid the influence of individual subjective
consciousness on the empirical results [35], the objective
weighting method (entropy weight method) is selected to
determine the index weight. The entropy weight method
starts from the thermodynamic concept and uses the
entropy value to measure the degree of dispersion
between the indicators. The mathematical statistics
process increases the scientific nature of the empirical
results. This paper uses this method to determine the
weight of each index of the scientific and technological
innovation subsystem and the new urbanization
subsystem. In order to eliminate the influence of different
measurement units and dimensional differences of each
index data [36], dimensionless processing of each index
data is needed. Use Stata software to standardize the
data. According to the normalized results, the weight of
each city index in each research time is determined as
follows:

Py = e )
YOI Ay

The technological innovation and new urbanization
of Chengdu-Chongqing dual-city economic circle are
divided into two different systems, where i represents
the city, i = 1,2..n, n is the number of cities in each
system, j represents the index, j = [,2..m, m are the
number of indicators of each system. A,-,- represents the
value of j index of i city after standardization, and P,-,-
represents the proportion of j index of i city.

Determine the entropy e, of indicator j for each
system:

n
g =~k Z Py;InF;; )
i=1
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1
Where k = m(m) > k>0, ¢>0.
Calculate the difference coefficient d],:

d=1-¢g 3)

Determining weights of indicators w;

4 @)
Zj:1dj'

pl{i:

The comprehensive evaluation scores of each index
system were calculated according to the above formula
results:

m
M=) Agw, ©
J=1
m
Nie = Z Ayw; (6)
j=1

Among them, ¢ represents the year, M, and N,
represent the comprehensive evaluation scores of science
and technology innovation and new urbanization in
Chengdu-Chongqing dual-city economic circle.

The coupling coordination degree model is used to
measure the coordinated development level between two
or more different systems, which can reflect the dynamic
correlation degree between different systems. The degree
of coupling reflects the degree of interaction between
different systems. The higher the degree of coupling,
the stronger the degree of action, otherwise the weaker.
The coupling coordination degree reaction reflects the
benign relationship under the interaction. The higher the
coupling coordination degree, the stronger the benign
interaction relationship, and vice versa. Referring to
Liao’s research [37], this paper constructs the coupling
coordination degree model of scientific and technological
innovation and new urbanization, and further explores
the coordination degree of scientific and technological
innovation and new urbanization in Chengdu-Chongqing
economic circle, providing reference for the sustainable
development of Chengdu-Chongqing economic circle.
The coupling level is expressed as follows:

My X Ny

C. =
"7 (aM; + bN,)"

7

Among them, M_and N, represent the comprehensive
scores of i city ¢ year under the science and technology
innovation system of Chengdu-Chongging dual-city
economic circle and the new urbanization system,
t=1,2,.., u,aand b are the specific weights of the two
systems, respectively. This paper believes that the two

systems are equally important. Both a and b are valued
at 0.5, and r is generally greater than or equal to 2 and
less than or equal to 5. In this paper, r = 2. C, represents
the coupling level of urban science and technology
innovation and new urbanization in t year. 0<C <I, the
higher the C, value is, the higher the coupling level is.
On the contrary, the smaller the C, value is, the lower
the coupling level is.
Comprehensive evaluation index:

My + Nyt

T ®)

Coupling coordination:

D=+CXT ©)

According to (7) (8) (9) three formulas, the
coupling coordination degree formula of scientific
and technological innovation and new urbanization in
Chengdu-Chongqing dual-city economic circle is as
follows:

M; X Ny

D= o5 x 0, v+ (10)

D, indicates the degree of coupling coordination
between scientific and technological innovation and the
development of new urbanization in the city 7 in the #
year. The greater the D, value is, the higher the coupling
coordination degree is, and vice versa. Referring to
the classification criteria of Liao [37] and Yang [38],
the coupling coordination degree between Chengdu-
Chongqging economic circle and new urbanization
development is shown in Table 1.

Table 1. Degree of Coupling Coordination and Classification.

Coupling coordination
interval

(0.0000~0.0999)
[0.1000~0.1999)
[0.2000~0.2999)
[0.3000~0.3999)
[0.4000~0.4999)
[0.5000~0.5999)
[
[
[
[

Coupling coordination degree

Extreme imbalance

Serious imbalance

Moderate disorders

Mild disorders

Endangered disorders

Reluctant coordination

0.6000~0.6999)
0.7000~0.7999)
0.8000~0.8999)
0.9000~1.0000)

Primary coordination

Intermediate coordination

Good coordination

High-quality coordination
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Table 2. Index Weights of Science and Technology Innovation and New Urbanization in Cheng-du-Chonggqing Economic Circle.

Study system First grade indexes Weight Secondary indicators Weight
Internal expenditures on r&d funding 0.915600
) (ten thousand yuan)
L. R&D investment 0.525754 -
Scientific and R & D personnel converted to full-time personnel 0.084400
technological (man-year) ’
innovation . .
R&D output of science 0474246 Patent applications per 10000 people (piece) 0.118261
and technology ' Patent grants (piece) 0.881739
Per capital gross regional product (yuan) 0.256689
Economic development | 0.189494 Retail sales of social consumer goods per capita (yuan) 0.191454
General public budget income per capita (yuan) 0.551858
Urbanization rate of household registered population (%) 0.440832
Population urbanization | 0200163 The proportion of employees in the second and third
. . 0.559168
industries (%)
Number of beds per 10,000 people in health institutions 0300712
(beds)
New Public services 0213992 Number of health personnel per 10,000 persons (people) 0.613602
urbanization Water supply penetration rate (%) 0.046123
Gas penetration rate (%) 0.039564
Green coverage rate of built district (%) 0.699675
Green environmental | ;79,53 Sewage treatment rate (%) 0.239185
protection
Harmless Treatment Rate of Municipal Solid Waste (%) 0.061140
Per capita urban road area (square meters) 0.543489
The residents 0.217198 Urban per-capita disposable income (yuan) 0.193959
Urban per capita consumption expenditure (yuan) 0.262552

Results and Discussion

According to the formula 1-4, combined with the
results of data standardization to calculate the weight
of each index is shown in Table 1. The weight results
of each index are shown in Table 2. In the science and
technology innovation system of each level index weight:
science and technology research and development
(R&D) investment weight is 0.52574, science and
technology R&D output weight is 0.474246, in the
new urbanization system of each level index weight:
economic development weight is 0.189494, population
urbanization weight is 0.200163, public service weight
is 0.213992, green environmental protection weight is
0.179153, residents living weight is 0.217198.

Comprehensive Score Analysis

Comprehensive Scoring of Scientific and Technological
Innovation

Based on the index panel data from 2015 to 2022,
combined with Formula 5-6, the comprehensive
score and corresponding growth rate of scientific

and technological innovation in Chengdu-Chongqing
economic circle are calculated as shown in Table 3 and
Table 4. Within the scope of the study time region, the
growth rate of the comprehensive score of scientific and
technological innovation in the double-city economic
circle of Chengdu-Chongging region is mostly positive.
From the overall perspective, the score shows an
upward trend. The development level of scientific and
technological innovation in Chongqing and Chengdu is
at a leading level and steadily rising in the Chengdu-
Chongqing dual-city economic circle, while other urban
areas show a significant downturn, and the development
levels in different regions are quite different. The
relatively perfect transportation system and logistics
development level of Chongqging and Chengdu also
provide help for the development of scientific and
technological innovation in the two cities. In 2022, the
comprehensive scores of scientific and technological
innovation in Chongging and Chengdu reached 0.9014
and 0.6275.

Compared with Chongqging and Chengdu, the
scientific and technological innovation of 14 cities such
as Zigong, Luzhou and Deyang shows a low level of
development and a slow upward trend. In addition to
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Table 3. Comprehensive Scores of Science and Technology Innovation in Chengdu - Chongqing Double City Economic Circle.

City / year 2015 2016 2017 2018 2019 2020 2021 2022
Chongqing 0.3730 0.4295 0.4416 0.5227 0.5542 0.6432 0.7723 0.9014
Chengdu 0.4431 0.4541 0.4946 0.6010 0.6050 0.6379 0.6327 0.6275
Zigong 0.0270 0.0297 0.0305 0.0332 0.0365 0.0404 0.0441 0.0478
Luzhou 0.0243 0.0269 0.0310 0.0345 0.0360 0.0398 0.0423 0.0447
Deyang 0.0572 0.0685 0.0781 0.0861 0.0880 0.0889 0.0890 0.0890
Mianyang 0.1287 0.1407 0.1485 0.1674 0.1901 0.2084 0.2183 0.2282
Suining 0.0223 0.0227 0.0257 0.0293 0.0318 0.0357 0.0384 0.0411
Neijiang 0.0238 0.0230 0.0253 0.0272 0.0312 0.0339 0.0362 0.0385
Leshan 0.0255 0.0287 0.0329 0.0348 0.0381 0.0408 0.0446 0.0485
Nanchong 0.0211 0.0236 0.0266 0.0302 0.0344 0.0407 0.0441 0.0475
Meishan 0.0203 0.0219 0.0227 0.0258 0.0281 0.0332 0.0377 0.0422
Yibin 0.0374 0.0375 0.0399 0.0422 0.0476 0.0545 0.0608 0.0672
Guangan 0.0175 0.0193 0.0204 0.0210 0.0226 0.0245 0.0260 0.0275
Dazhou 0.0209 0.0217 0.0247 0.0264 0.0288 0.0326 0.0343 0.0360
Yaan 0.0246 0.0264 0.0268 0.0293 0.0267 0.0239 0.0213 0.0187
Ziyang 0.0188 0.0194 0.0182 0.0185 0.0202 0.0230 0.0253 0.0277

Table 4. The Growth Rate of Comprehensive Score of Scientific and Technological Innovation.

City / year 2016 2017 2018 2019 2020 2021 2022 2022
Chongqing 0.1514 0.0281 0.1837 0.0603 0.1605 0.2008 0.1672 0.9014
Chengdu 0.0248 0.0892 0.2151 0.0068 0.0544 -0.0082 -0.0083 0.6275
Zigong 0.1001 0.0266 0.0880 0.0977 0.1064 0.0924 0.0846 0.0478
Luzhou 0.1056 0.1532 0.1110 0.0444 0.1065 0.0609 0.0574 0.0447
Deyang 0.1965 0.1404 0.1024 0.0221 0.0106 0.0006 0.0006 0.0890
Mianyang 0.0926 0.0560 0.1269 0.1357 0.0963 0.0474 0.0452 0.2282
Suining 0.0166 0.1342 0.1383 0.0845 0.1232 0.0756 0.0702 0.0411
Neijiang -0.0303 0.0993 0.0752 0.1458 0.0856 0.0683 0.0640 0.0385
Leshan 0.1255 0.1440 0.0579 0.0953 0.0706 0.0940 0.0859 0.0485
Nanchong 0.1168 0.1249 0.1362 0.1393 0.1838 0.0830 0.0767 0.0475
Meishan 0.0779 0.0408 0.1326 0.0906 0.1814 0.1361 0.1198 0.0422
Yibin 0.0034 0.0623 0.0584 0.1271 0.1455 0.1162 0.1041 0.0672
Guangan 0.1027 0.0571 0.0270 0.0786 0.0834 0.0614 0.0579 0.0275
Dazhou 0.0361 0.1392 0.0678 0.0935 0.1308 0.0525 0.0498 0.0360
Yaan 0.0722 0.0177 0.0905 -0.0872 -0.1061 -0.1080 -0.1211 0.0187
Ziyang 0.0334 -0.0630 0.0154 0.0894 0.1416 0.1011 0.0918 0.0277

Mianyang City, the comprehensive score of scientific
and technological innovation in other urban areas is
even lower than 0.1000. For the development imbalance
within the economic circle of Chengdu and Chongqing,

the comprehensive score of scientific and technological
innovation in Mianyang City in 2022 is 0.2284, that in
Deyang City is 0.0890, and the comprehensive score
of scientific and technological innovation in the other
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Table 5. Comprehensive Scores of New Urbanization in Chengdu - Chongqing Economic Circle.

City / year 2015 2016 2017 2018 2019 2020 2021 2022
Chonggqing 0.4213 0.4717 0.4965 0.5244 0.5510 0.5747 0.5912 0.6078
Chengdu 0.6333 0.6278 0.6664 0.7028 0.7541 0.7689 0.8127 0.8566
Zigong 0.2843 0.3125 0.3433 0.3851 0.4195 0.4374 0.4581 0.4789
Luzhou 0.2584 0.3084 0.3375 0.3672 0.4076 0.4379 0.4730 0.5082
Deyang 0.3075 0.3375 0.3772 0.4102 0.4643 0.4821 0.5184 0.5548
Mianyang 0.3119 0.3419 0.3883 0.4198 0.4522 0.4722 0.5074 0.5426
Suining 0.2180 0.2933 0.2749 0.3274 0.3615 0.4000 0.4242 0.4484
Neijiang 0.2223 0.2373 0.2571 0.2987 0.3429 0.3698 0.3989 0.4281
Leshan 0.2402 0.2641 0.3165 0.3762 0.4163 0.4408 0.4806 0.5205
Nanchong 0.2344 0.2703 0.2949 0.3307 0.3579 0.3800 0.4260 0.4721
Meishan 0.2152 0.2521 0.2902 0.3334 0.3780 0.4111 0.4438 0.4766
Yibin 0.1834 0.2324 0.2734 0.3366 0.3764 0.4027 0.4487 0.4946
Guangan 0.2070 0.2229 0.2600 0.2981 0.3306 0.3539 0.3803 0.4068
Dazhou 0.0497 0.1364 0.1140 0.2232 0.2711 0.3281 0.3758 0.4234
Yaan 0.2824 0.3172 0.3386 0.3736 0.4360 0.4914 0.5481 0.6048
Ziyang 0.1843 0.1966 0.2083 0.2435 0.2707 0.3050 0.3422 0.3794

Table 6. The Growth Rate of New Urbanization Comprehensive Score.

City / year 2016 2017 2018 2019 2020 2021 2022
Chongqing 0.1195 0.0525 0.0562 0.0508 0.0430 0.0288 0.0280
Chengdu -0.0087 0.0615 0.0546 0.0730 0.0196 0.0570 0.0540
Zigong 0.0992 0.0986 0.1216 0.0895 0.0426 0.0475 0.0453
Luzhou 0.1935 0.0943 0.0881 0.1098 0.0744 0.0802 0.0743
Deyang 0.0978 0.1173 0.0875 0.1320 0.0383 0.0754 0.0701
Mianyang 0.0963 0.1356 0.0810 0.0774 0.0442 0.0745 0.0694
Suining 0.3456 -0.0629 0.1908 0.1044 0.1064 0.0606 0.0571
Neijiang 0.0675 0.0835 0.1618 0.1479 0.0784 0.0789 0.0731
Leshan 0.0997 0.1982 0.1887 0.1065 0.0589 0.0903 0.0828
Nanchong 0.1534 0.0908 0.1217 0.0821 0.0618 0.1212 0.1081
Meishan 0.1715 0.1512 0.1488 0.1338 0.0875 0.0797 0.0739
Yibin 0.2671 0.1764 0.2313 0.1180 0.0701 0.1141 0.1024
Guangan 0.0765 0.1667 0.1463 0.1091 0.0704 0.0748 0.0696
Dazhou 1.7451 -0.1645 0.9585 0.2145 0.2104 0.1452 0.1268
Yaan 0.1233 0.0673 0.1035 0.1667 0.1272 0.1154 0.1034
Ziyang 0.0667 0.0594 0.1690 0.1118 0.1268 0.1219 0.1087

12 cities is lower. In addition to Chongqing and Chengdu, and Chengdu, and other urban areas in the Chengdu-

the development level of scientific and technological Chongging economic circle are at a disadvantage

innovation in other urban areas is lagging behind, in competition, thus showing a downturn in

which may be due to the siphon effect of Chongqing development.
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Table 7. Coupling coordination degree of scientific and technological innovation and new urbanization in Chengdu-Chonggqing dual-city

economic circle.

City / year 2015 2016 2017 2018 2019 2020 2021 2022
Chongqing 0.6291 0.6705 0.6837 0.7236 0.7434 0.7791 0.8184 0.8521
Chengdu 0.7221 0.7260 0.7535 0.8049 0.8194 0.8351 0.8435 0.8511
Zigong 0.2222 0.2331 0.2368 0.2473 0.2591 0.2718 0.2836 0.2949
Luzhou 0.2109 0.2225 0.2384 0.2510 0.2572 0.2702 0.2785 0.2866
Deyang 0.3106 0.3374 0.3597 0.3772 0.3846 0.3875 0.3897 0.3917
Mianyang 0.4269 0.4465 0.4636 0.4892 0.5174 0.5378 0.5525 0.5668
Suining 0.2012 0.2052 0.2169 0.2318 0.2416 0.2559 0.2653 0.2743
Neijiang 0.2072 0.2050 0.2148 0.2235 0.2392 0.2492 0.2576 0.2659
Leshan 0.2149 0.2277 0.2441 0.2524 0.2642 0.2733 0.2858 0.2978
Nanchong 0.1970 0.2084 0.2208 0.2352 0.2505 0.2712 0.2827 0.2937
Meishan 0.1925 0.2005 0.2054 0.2187 0.2287 0.2478 0.2636 0.2785
Yibin 0.2493 0.2543 0.2639 0.2739 0.2907 0.3099 0.3273 0.3439
Guangan 0.1797 0.1885 0.1946 0.1979 0.2057 0.2141 0.2206 0.2270
Dazhou 0.1716 0.1934 0.2015 0.2172 0.2283 0.2435 0.2508 0.2577
Yaan 0.2127 0.2207 0.2230 0.2330 0.2244 0.2134 0.2025 0.1906
Ziyang 0.1848 0.1881 0.1831 0.1855 0.1937 0.2069 0.2172 0.2271
Mean value 0.2833 0.2955 0.3065 0.3226 0.3343 0.3479 0.3587 0.3687

Comprehensive Scoring of New Urbanization

According to the calculation of panel data, the
comprehensive score and corresponding growth rate
of new urbanization in Chengdu-Chongqing Economic
Circle are shown in Table 5 and Table 6. It can be
seen that the overall comprehensive score of new
urbanization in each city has significantly increased
from 2015 to 2022. The calculation in Table 6 shows
that the average growth rate of the comprehensive score
of new urbanization in the Cheng-du-Chongqing dual-
city economic circle from 2015 to 2016 is 23.21%, while
the average growth rate from 2016 to 2017 is reduced
to 8.29%. From the perspective of national policy, it is
closely related to the transformation of the development
path of the “Chengdu-Chongqing urban agglomeration
development plan” implemented in April 2016, and the
plan emphasizes the leading role of the core city to the
surrounding small and medium-sized cities, and promote
the improvement of the new urbanization system and
the coordinated development between cities. The past
“Chengdu-Chongqing Economic Zone” focuses on the
radiation of Chongqing and Chengdu to the western
region and the attraction of industrial population.
The planning of “urban agglomeration” is based on
the “economic zone”, which also leads to the decrease
of the average growth rate in the transition period.

Related to the development plan of Chengdu-
Chongqing urban agglomeration, Chengdu’s new-

type urbanization development in 2015 has been
significantly higher than that of other urban areas, and
combined with the policy bias towards the radiation and
driving effect on other small and medium-sized cities,
Chengdu’s new-type urbanization development in 2016
has stopped due to the development plan. Therefore,
while the comprehensive score of new-type urbanization
in each city of Cheng-du-Chongging economic
circle has basically increased steadily, Chengdu has
slightly decreased in 2016, but the development plan
has laid a good foundation for further development.
The comprehensive score of new-type urbanization
in Chengdu ranked first, reaching 0.8566 in 2022,
surpassing other urban areas in Chengdu-Chongqing
economic circle. The comprehensive score of new-type
urbanization in Chongqing ranked second in 2022,
with an overall upward trend. However, compared
with Chengdu, there is still a certain gap, which
is related to the complex terrain and large rural area
of Chongqging. The mountainous hills in Chongqing
account for 98% of the total area of Chongqing, the
rural areas account for 95%, and the rural population
ac-counts for about 30%. Compared with Chongqing,
Chengdu has more advantages in regional and
topographic environment.

From the overall perspective, the comprehensive
scores of the new urbanization of the 16 cities in the
panel data are in an upward state, and the regional
planning of the Chengdu-Chongqing Economic Zone
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Fig. 1. The bar chart of coupling coordination degree between scientific and technological innovation and new urbanization in Chengdu-

Chongqing dual-city economic circle.

and the development planning of the Chengdu-
Chongqing urban agglomeration have achieved
remarkable results. However, the comprehensive

score of new urbanization in individual cities in 2022
is still low. For example, in 2022, the comprehensive
score of Dazhou was 0.4234, and the comprehensive
score of Ziyang was 0.3794. On the basis of “the
construction plan of Chengdu-Chongqing double city
economic circle,” the overall development level of new
urbanization needs to be further strengthened.

Analysis of Coupling Coordination Degree

Based on the analysis of the comprehensive
score of scientific and technological innovation and
new urbanization in the Chengdu-Chongqing dual-
city economic circle, through the measurement of
the coupling level and the comprehensive evaluation
index, the coupling coordination degree of scientific
and technological innovation and new urbanization
in the Chengdu-Chongqing dual-city economic circle
is obtained by calculation and collation, as shown in
Table 7 and Fig. 1. The relevant coordination degree and
classification are referred to Table 2.

The level of coupling and coordination between
scientific and technological innovation and new
urbanization in each city of Chengdu-Chongqing
dual-city economic circle has been improved in the
panel data. Among them, Chengdu has developed from
intermediate coordination in 2015 to good coordinated
development, and Chongqing has improved from

primary coordination in 2015 to good coordinated
development. The main reason is that Chongqing and
Chengdu, as municipalities and provincial capitals, are
more competitive in industry [39], talent and resources.
Before 2016, the regional planning of Chengdu-
Chongqing Economic Zone and the Belt and Road
Initiative promote each other. Further promote the
coordinated development of science and technology
innovation and new urbanization in Chengdu. From
the average coupling coordination degree of science
and technology innovation and new urbanization in
Chengdu-Chongqing dual-city economic circle, the
overall coordination degree is not obviously attributed
to the large gap between other cities and Chongging and
Chengdu.

Combined with the dimensions in Table 1, it can be
known that the coupling coordination degree of scientific
and technological innovation and new urbanization in
Chengdu-Chongqing twin-city economic circle is in
an overall growth state. Although the level of coupling
coordination between scientific and technological
innovation and new urbanization in most cities in the
Chengdu-Chongging economic circle has im-proved over
time, 13 cities including Zigong, Luzhou, Suining, Ya‘an
and Ziyang, are still in a state of imbalance until 2022,
and Mianyang is in a state of reluctant coordination,
The coordination degree is not higher than 0.6. Based
on the advantages of provincial capitals, municipalities
and geographical locations, the gathering of external
resources to Chengdu and Chonggqing leads to the lack
of other urban resources in the Chengdu-Chongqing
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dual-city economic circle. In addition, due to the policy
planning that takes Chongqging and Chengdu as the
strategic basis to promote the role of urban radiation,
the development of the other 14 cities in the Chengdu-
Chongqing dual-city economic circle shows a lag effect,
and the coupling coordination degree of scientific and
technological innovation and new urbanization is also at
a low level.

PVAR Model Test

Based on the above research on the coordinated
development status and trend of scientific and
technological innovation and new urbanization in
Chengdu-Chongqing economic circle, in order to
further verify the relationship between scientific and
technological innovation and new urbanization, the
PVAR model is used to test the interaction between
the two. The comprehensive evaluation score of
scientific and technological innovation (STI) is selected
as the proxy variable of scientific and technological
innovation in Chengdu-Chongqing economic circle,
and the comprehensive evaluation score of new
urbanization (URB) is selected as the proxy variable of
new urbanization development in Chengdu-Chongqing
economic circle. The proxy variables and names of the
two subsystems are arranged as shown in Table 8.

Unit Root Test

Before estimating the PVAR model, in order to avoid
the phenomenon of pseudo-regression, it is necessary to
test the stability of the data. This paper combines LLC
test, IPS test and Fisher test for stationarity test, and
the test results are shown in Table 9. According to the
results, the P values under the three test methods are all
less than 0.05, which verifies that the two variables of
the comprehensive score of scientific and technological
innovation and the comprehensive score of new
urbanization in Chengdu-Chongqing economic circle
are stable sequences.

Cointegration Test

Based on the cointegration test method of panel
data, combined with Kao test and Westerlund test,
the cointegration relationship between technological
innovation and new urbanization is verified. The test
results are shown in Table 10 and Table 11 respectively.
Table 8 shows five different test statistics. The P
values of the five elements are all less than 0.05, so
the null hypothesis of “no cointegration relationship”
is rejected at the level of 5%. Similarly, in Table 11,
the P value is 0.0219, less than 0.05, rejecting the null
hypothesis at the 5% level. Therefore, the two
cointegration test methods verify the cointegration
relationship between technological innovation and new
urbanization.

Table 8. Proxy variable name.

. Original
Variable &
Sequences
Comprehensive score of scientific and STI
technological innovation
Comprehensive score of new urbanization URB

Table 9. Unit root test results.

Variable | LLC (p-value) | IPS (p-value) | Fisher (p-value)

STI 0.0000 0.0000 0.0000

URB 0.0000 0.0003 0.0000

Table 10. Kao test results.

Statistic | p-value

Modified Dickey-Fuller t 2.6181 0.0044
Dickey-Fuller t 3.2231 0.0006
Augmented Dickey-Fuller t 4.5197 0.0000

Unadjusted modified Dickey-Fullert | 2.5713 0.0051

Unadjusted Dickey-Fuller t 3.1468 0.0008

Table 11. Westerlund test results.

Statistic | p-value

Variance ratio -2.0168 0.0219

Table 12. Granger causality test results.

Equation Excluded chi2 Prob> chi2
STI URB 10.323 0.006
URB STI 85.553 0.000

Granger Causality Test

In order to further analyze the dynamic causal
relationship between technological innovation and
new urbanization in Chengdu-Chongging economic
circle, the Granger causality test is carried out on the
variables by using statal5 software. The test results
are shown in Table 12. The P value in the first row is
0.006, less than 0.05, rejecting the null hypothesis
that URB is the Granger cause of STI. The P value in
the second line is 0.000, less than 0.05, rejecting the
null hypothesis, so STI is the Granger cause of URB.
That is, there is a two-way Granger causality between
STI and URB. The scientific and technological
innovation of Chengdu-Chongqing economic circle has
a significant role in promoting the development of new
urbanization, and the new urbanization can effectively
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Fig. 2. Impulse response results.

promote the improvement of scientific and technological
innovation.

Impulse Interference Wave Response Analysis

On the premise of obtaining the cointegration
relationship between scientific and technological
innovation and new urbanization in the Chengdu-
Chongqing Economic Circle, the dynamic correlation
between the two in the long run is further analyzed. The
impulse response diagram of the variable is obtained by
500 Monte Carlo simulations, as shown in Fig. 2.

The first Fig. in Fig. 2 shows that when scientific
and technological innovation is impacted by itself, the
response value peaks at the beginning and gradually
decreases with the advancement of time, so scientific
and technological innovation has a strong dependence
on itself. According to the third diagram, when the
scientific and technological innovation is impacted
by the new urbanization, it reaches the maximum
response in the early stage, and then the impact
gradually decreases. It shows that the development
of new urbanization is conducive to the improvement
of scientific and technological innovation level, and
strengthening the construction of new urbanization will
effectively promote the progress of urban scientific and
technological innovation.
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The second Fig. in Fig. 2 reflects the response of
the new urbanization when it is impacted by itself.
According to the trend on the way, the new urbanization
does not respond in the current period when it is
impacted by itself, and then responds and begins to
decline after reaching the peak in the third period. It can
be seen from the fourth Fig. that the response value of
the impact of new urbanization on a standard deviation
of scientific and technological innovation is positive,
and reaches the maximum in the current period, and
then gradually declines and tends to be gentle. It shows
that scientific and technological creation has driven
the construction of new urbanization and encouraged
the output of scientific and technological innovation of
enterprises, which plays an important role in promoting
the construction of new urbanization.

Conclusions

In this study, the entropy weight method is used
to calculate the weight of each index of the scientific
and technological innovation subsystem and the
new urbanization subsystem, and the comprehensive
evaluation score of the scientific and techno-logical
innovation and new urbanization of the Chengdu-
Chongqging Economic Circle is calculated by the
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formula 5-6. The coupling coordination model is further
constructed, and the coupling coordination degree of the
two subsystems is calculated by the formula 7-10, and
combined with the PVAR model test. According to the
empirical results and the corresponding data analysis,
the following conclusions are summarized:

First, from a holistic perspective, the level of
scientific and technological innovation and the level
of new urbanization in Chengdu-Chongqing dual-city
economic circle are on the rise, but there are significant
differences among cities. The development level of large
cities is far higher than that of other small and medium-
sized cities.

Second, the coordination degree of scientific and
technological innovation and new urbanization in
Chengdu-Chongging dual-city economic circle shows an
upward trend year by year, but some small and medium-
sized cities are still in a state of imbalance.

Third, there is an equilibrium relationship between
the scientific and technological innovation and the
comprehensive evaluation score of the new urbanization
in the Chengdu-Chongging Economic Circle, and it is
a two-way Granger causality. Technological innovation
and new urbanization influence each other.

According to the empirical data and research
conclusions, the practical implications for scientific and
technological innovation and sustainable development
of new urbanization in Chengdu-Chongqing dual-city
economic circle are as follows:

First, increase investment in scientific and
technological innovation, and guide enterprises to
carry out scientific and technological innovation to
nurture new urbanization. According to the “Seventh
National Census Bulletin of Sichuan Province”, the
number of people with a university degree in Chengdu
is 25582 per 100,000 people, which is much higher than
other cities in Sichuan Province. The higher education
level has a certain effect on the development of urban
science and technology innovation [40]. Therefore,
we should strengthen the “inflow” and “retention” of
high-tech talents in small and medium-sized cities of
Chengdu-Chongqing economic circle to narrow the
gap of scientific and technological innovation ability
between cities. Increasing subsidies and tax incentives
for enterprises’ innovative industries will promote
enterprises’ emphasis on innovative projects and
investment in innovative technologies, and enhance the
level of scientific and technological innovation from
the perspective of capital and talent introduction, thus
nurturing the development of new urbanization.

Second, accelerate the construction of new
urbanization, and actively integrate with urban
development. Basic public service efficiency and
new urbanization construction promote and restrict
each other [39]. In terms of public service facilities,
the popularization of water supply and gas in some
cities in the Chengdu-Chongqing economic circle has
not been effectively improved in recent years. Based
on the existing level of social services, we should

further strengthen the level of social security and
public services, enhance the construction of new-type
urbanization, and make mutual connection and progress
with the development of scientific and technological
innovation.
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