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Abstract 

This paper uses comprehensive evaluation methods to measure the level of 
technological innovation and also the level of economic development of cities in the 
Yangtze River Delta region. Then, the interaction between technological innovation and 
high-quality economic development in 41 cities at the prefecture level and above in the 
Yangtze River Delta region is studied using a coupled coordination degree model. The 
results show that: 1. Between 2012 and 2020, the level of technological innovation and 
the level of high-quality economic development of all cities in the Yangtze River Delta 
region have improved to different degrees, but within the Yangtze River Delta region, 
there is an uneven development of both the level of science and technology innovation 
and the level of high-quality economic development. 2. The level of coupling and 
coordination between science and technology innovation and high-quality economic 
development of all Yangtze River Delta region cities has generally improved. However, 
the level of coupling and coordination has not increased evenly across cities. Finally, this 
paper suggests that promoting the flow of innovation factors could promote the coupling 
coordination between technological innovation and high-quality economic development 
in the Yangtze River Delta region. 
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1. Introduction 

Since the reform and opening up, China's economy has achieved a high growth rate with an 
average annual growth rate of more than 9%. However, with diminishing marginal returns and 
environmental constraints, this crude, factor-input-driven economic growth model has also 
begun to show signs of weakness while also causing a series of problems such as waste of factor 
resources, environmental pollution, and imbalance in regional economic development (Zhou et 
al., 2021). Achieving high-quality economic development has become the primary goal of 
China's next economic development phase. The transformation of economic development 
needs to take innovation as the first driving force, sincerely promote innovation-driven 
economic quality development, and realize the triple change of quality, efficiency, and power of 
economic development. 

Schumpeter was the first person who used the concept of innovation in economics, and his 
theory suggests that innovation contributes to economic growth through “creative destruction”. 
Since Schumpeter, researches on the relationship between innovation and economic growth 
have proliferated (Grossman and Helpman, 1994, Acikgoz and Mert, 2014, Acemoglu et al., 
2018). Technological innovation provides a constant impetus for economic development. 
Improving or innovating production technology can enhance production efficiency and reduce 
energy consumption, which is the key to achieving high-quality economic development. In turn, 
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improving the quality of economic development can provide sufficient material conditions for 
technological innovation, which can correspondingly enhance the innovation input and then 
enhance the innovation output, forming positive feedback between innovation and economic 
quality development. The existing articles mainly studied the theoretical connotation and role 
mechanism of technological innovation on high-quality economic development (Shangguan 
and Ge, 2020, Zhou et al., 2020, Gyedu et al., 2021). However, the examination of the interaction 
between the two is less frequent. Therefore, studying the coupled and coordinated relationship 
between technological innovation and high-quality economic development can enrich the 
relevant research results and also has important practical significance in realizing the efficient 
transformation and distribution of innovation results, improving the quality and efficiency of 
economic development level, and promoting integrated regional development. 

The coupling coordination model originates from physics, and scholars widely use it to study 
the interaction between two or more closely related subsystems. Ariken et al. (2021) and Zou 
et al. (2022) reviewed the coupling coordination relationship between urbanization and the 
ecological environment in the provinces along the Silk Road Economic Belt and Shaanxi 
Province, respectively. Ren and Du (2021) studied the coupling coordination relationship 
among economic growth, industrial development, and ecological environment with 62 
prefecture-level cities in the Yellow River basin. In addition, some scholars have also studied 
the coupling coordination relationship between technological innovation and high-quality 
economic development within provincial regions or city clusters. (Li and Cui, 2018, Ge et al., 
2020, Chen and Zhang, 2021). However, as one of the regions with the highest level of 
innovation and most vigorous economic vitality in China, few articles have been published to 
study the coupling coordination relationship between technological innovation and high-
quality economic development in the Yangtze River Delta region. 

As one of the regions with the highest economic vitality and strongest innovation capacity in 
China, the Yangtze River Delta region contributes nearly a quarter of China's total economic 
output and is the ballast of the nation's economic growth and technological innovation. 
However, in recent years, with the rising prices of labor and other factors, and changes in the 
global political and economic situation, the Yangtze River Delta region is facing significant 
economic downward pressure. Traditional industries urgently need a new injection of vitality. 
The burgeoning of a new technological generation, such as the digital economy, has accelerated 
the transformation and upgrading of traditional industries. The continuous burst of innovation 
has given traditional industries new vitality and a new focus point for innovation-driven high-
quality economic development. 

Based on the five new development concepts, this paper constructs two comprehensive index 
systems for evaluating the level of technological innovation and high-quality economic 
development in the Yangtze River Delta region. Then the coupling coordination degree model 
is introduced to analyze the interaction relationship between high-quality economic 
development and technological innovation in the Yangtze River Delta region. 

2. Research design 

2.1. Entropy method 

This paper adopts the entropy value method to comprehensively evaluate the level of 
technological innovation and high-quality economic development in the Yangtze River Delta 
region. The specific steps are as follows. 

Firstly, the data are processed, and the positive and negative indicators are standardized to 
eliminate the influence of positivity and negativity and the influence of magnitude on the data. 
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 Yijt =
Xijt−minXj

maxXj−minXj
 (positive indicator)                                        (1)   

 

 Yijt =
maxXj−Xijt

maxXj−minXj
 (negative indicator)                                                (2)   

 

where, i, j, and t refer to city, indicator, and year respectively, Yijt is the standardized value,Xijt 

is the value before standardization,maxXj  and minXj  indicate the maximum and minimum 

values of a metric, respectively. 

Then calculate the contribution of each indicator. 

 

 Pijt =
Yijt

∑ ∑ (yijt)
m
t=1

n
i=1

,t=1,2,…,m;i=1,2,…,n                                                   (3) 

 

Afterward, the information entropy Hj and the variation index Gj are calculated. 

 

 Hj = −
∑ ∑ Pijt

m
t=1

n
i=1 lnPijt

ln(m∗n)
                                                 (4) 

 

Finally, the weights of each index are calculated. 

 

 Wj =
Gj

∑ Gj
k
j=1

,j=1,2,…,k                                                            (5) 

 

2.2. Coupling coordination model 

The coupling degree is used to measure the degree of interaction between systems. According 
to the research content of this paper, the following formula is constructed to calculate the 
coupling degree of technological innovation and high-quality economic development. 

 

 C = 2√
U1U2

(U1+U2)2
                                                     (6) 

 

A more significant value of the coupling degree C indicates stronger interactions between the 
systems. Among them, U1 and U2 represent the level of technological innovation and high-
quality economic development, respectively. 

To further study the coordination level between systems, the coupling coordination degree of 
technological innovation and high-quality economic development is calculated according to the 
following formula. 

 

 T = αU1 + βU2                                                    (7) 

 

 D = √C × T                                                             (8) 

 

The larger the value of the coupling coordination degree D indicates that the higher the level of 
coupling coordination development of the systems. Among them, T indicates that the 
comprehensive evaluation value of technological innovation and high-quality economic 
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development are given corresponding weights, respectively. This paper refers to the practice 
of Li and Cui (2018), using equal weight empowerment, set α = β = 0.5. 

3. Comprehensive evaluation of the level of science and technology 
innovation and high-quality economic development 

3.1. Indicator system construction 

The existing literature varies in how to measure technological innovation and high-quality 
economic development. In terms of high-quality economic development, the selection of 
measurement indicators is mainly divided into two categories: the first category is the actual 
GDP per capita (Ding et al., 2022), green total factor productivity (Shangguan and Ge, 2020), 
etc., and the other category is the comprehensive index system covering high-quality economic 
development(Song et al., 2022). Regarding technological innovation, total factor productivity 
and the number of patent applications are proxy indicators. However, innovation includes two 
parts: factor input and achievement transformation. And also, a single index cannot completely 
cover these two aspects. Therefore, this paper constructs the corresponding index systems to 
more comprehensively measure technological innovation and high-quality economic 
development. 

The index system used to measure the technological innovation level includes innovation 
output, innovation environment, and innovation input. 

 

Table 1  Technological innovation measurement index system 

Dimension Indicator 

Output The number of three kinds of domestic patent acquisition 

Environment 
The number of students enrolled in regular institutions of higher learning 

The number of Internet broadband access users 

Investment Fiscal expenditure on science and technology / Total fiscal expenditure 

 

High-quality economic development is rich in connotation and reflects the new development  

concept. Therefore, this paper refers to the existing literature, we based on the new 
development concept, which consists of five features (innovation, coordination, green, open, 
and sharing) to construct the index system of high-quality economic development level from 
the five dimensions of the new development concept. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scientific Journal Of Humanities and Social Sciences                                                                                 Volume 5 Issue 4, 2023 

ISSN: 2688-8653                                                                                                                          

67 

Table 2  High-quality economic development measurement index system 

Dimension Indicator 

Innovative 
development 

GDP / Total fixed asset investment 

Actual GDP per capita (2012 is the base period)  

Coordinating 
development 

Per capita disposable income of urban residents / Per capita disposable 
income of rural residents 

The output value of the tertiary industry / GDP 

The output value of tertiary industry / Output value of secondary industry 

Green 
development 

The green coverage rate of the built-up area 

Industrial exhaust emissions per unit of GDP 

Industrial wastewater discharge capacity per unit of GDP 

Open 
development 

Total export-import volume  

Actually utilized total foreign investment / GDP 

Shared 
development 

The number of hospitals and health centers 

The urbanization rate of permanent residents 

Financial and social security and employment expenditure / Total fiscal 
general expenditure 

The average salary of employees 

Per capita education funds 

 

3.2. Subjects and data sources 

The research objects of this paper are the “three provinces and one city” in the Yangtze River 
Delta region, including 41 cities at the prefecture level and above, including Shanghai, 13 cities 
in Jiangsu Province, 11 cities in Zhejiang Province and 16 cities in Anhui Province. It should be 
noted that, in 2011, the prefecture-level Chaohu city in Anhui Province was officially abolished 
and transferred to Hefei, Maanshan, and Wuhu, respectively. Therefore, for this paper, we 
choose the sample period as 2012-2020. The data in this paper come from CEIC, CNRDS, and 
public resources, such as the Statistical Yearbook and Statistical Bulletin published by the 
official websites of provincial and municipal statistical bureaus. More specifically, patent data 
come from the CNRDS database, and other data come from the CEIC database and official 
websites of statistical bureaus. 

On the other hand, owing to the change in statistical caliber, the total investment in fixed assets 
is not directly available from 2018. This paper manually calculates it with the growth rate of 
the total investment in fixed assets. For the individual missing values in all the above data, this 
paper adopts a linear interpolation method to make up for them. Since the number of missing 
values is relatively low, the research conclusions of this paper will not be influenced. 

3.3. Analysis of measurement results 

Due to the space limitation, this paper only reports the ranking of each city's technological 
innovation level and high-quality economic development level by year, as shown in Tables 3 
and 4. From the numerical results not reported in this paper, the level of technological 
innovation and the level of high-quality economic development of each city in the Yangtze River 
Delta region have been steadily improving in recent years, indicating that the Yangtze River 
Delta region has further stimulated the regional innovation vitality and released the potential 
of economic development in recent years by its advantages and optimizing the technological 
innovation environment. 

In the following, we will analyze the measurement results of the above two indicators according 
to Table 3 and Table 4. Firstly, from the perspective of spatial distribution, in terms of 
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technological innovation level, Shanghai, Nanjing, Hangzhou, and Suzhou have been ranked as 
the leading cities in the Yangtze River Delta region in the nine-year period, leading the 
technological innovation in the Yangtze River Delta region, among which Shanghai's leading 
position as the top of the list has been quite solid. The ranking of Hangzhou and Suzhou 
fluctuates slightly, but they are always in the top five of the 41 cities in the Yangtze River Delta. 
Hefei, Ningbo, and Wuxi follow the above four cities. The above seven cities have made full use 
of the innovation resources in the region so that the city's innovation capability has continued 
to rise to a higher level. On the other hand, Fuyang, Chuzhou, Suqian, and Suzhou*, compared 
with 2012, significantly improved the ranking of technological innovation level in 2020, rising 
10, 6, 5, and 6 places, respectively, in the Yangtze River Delta region. It shows that the areas 
mentioned above have improved the quality and efficiency of technological innovation level 
during this period. However, the rankings of Huainan, Tongling, and Zhoushan have declined 
significantly, decreasing by 9, 7, and 6 places, respectively. Although the above cities have also 
improved their technological innovation levels during the sample period, the speed of 
improvement is not as fast as other cities, so their rankings have dropped. 

From the perspective of different provinces, Shanghai, as the core of the Yangtze River Delta 
region, tops the list of the Yangtze River Delta region in terms of technological innovation 
strength. In Anhui Province, the rankings of cities except Hefei and Wuhu are relatively low, 
especially Bozhou, Chizhou, Huaibei, Huangshan, and Suzhou*, which have been at the bottom 
of the Yangtze River Delta region. The evaluation results indicate that the potential of 
technological innovation in most areas of Anhui Province still needs to be stimulated. The 
overall ranking of Jiangsu Province is relatively high. Although Huaian, Lianyungang, Suqian, 
and other cities in Jiangsu Province, which are at the back of the ranking, are still in the middle 
of the Yangtze River Delta. In Zhejiang Province, there are cities with vital technological 
innovation, such as Hangzhou, Ningbo, etc. However, some cities’ innovation levels, such as 
Zhoushan and Quzhou, need to be further stimulated, indicating a significant gap in the strength 
of scientific and technological innovation in Zhejiang Province. Cities with weaker strength in 
science and technology innovation are often limited by their own economic and social 
development, such as industrial structure, industrial policies, and factor endowments. 
Therefore, while making full use of their resource endowment advantages, they should also 
strengthen ties with cities with a higher level of technological innovation to create favorable 
conditions for further stimulating their technological innovation vitality.  
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Table 3  Comprehensive ranking of technological innovation level 

     Year    

City 

20
12 

20
13 

20
14 

20
15 

20
16 

20
17 

20
18 

20
19 

20
20 

Anqing 30 31 28 28 29 29 29 29 29 

Bengbu 22 22 24 23 23 25 26 24 23 

Bozhou 41 41 41 41 41 39 38 37 37 

Changzhou 12 9 10 11 12 12 12 11 10 

Chizhou 39 39 40 40 40 41 41 41 41 

Chuzhou 31 32 31 27 27 26 27 27 25 

Fuyang 37 36 38 34 32 32 28 28 27 

Hangzhou 4 3 3 3 3 3 3 3 4 

Hefei 6 6 5 5 4 5 5 5 5 

Huzhou 20 20 20 19 21 21 20 21 20 

Huaian 23 23 22 22 22 22 22 22 22 

Huaibei 36 37 36 38 39 40 40 40 38 

Huainan 27 27 30 29 31 34 34 33 36 

Huangshan 38 38 37 37 38 38 37 38 39 

Jiaxing 15 14 13 15 15 15 15 15 15 

Jinhua 10 12 12 13 14 14 13 12 9 

Lishui 28 29 27 30 30 31 33 34 30 

Lianyungag 25 26 25 26 25 24 24 23 28 

Lu'an 35 34 35 36 35 33 30 31 32 

Maanshan 26 24 26 25 24 23 23 26 26 

Nanjing 2 2 2 2 2 2 2 2 2 

Nantong 8 11 15 12 11 11 11 10 11 

Ningbo 5 5 6 6 6 6 6 6 6 

Quzhou 32 30 32 31 33 30 32 35 35 

Shanghai 1 1 1 1 1 1 1 1 1 

Shaoxing 13 13 11 8 10 10 9 9 13 

Suzhou 3 4 4 4 5 4 4 4 3 

Suqian 29 28 29 32 28 28 25 25 24 

Suzhou*1 40 40 39 39 36 36 36 36 34 

Taizhou 18 17 16 14 16 17 16 16 16 

Taizhou*2 21 21 23 21 20 20 21 20 21 

Tongling 24 25 21 24 26 27 35 30 31 

Wenzhou 11 8 8 9 9 8 8 8 8 

Wuxi 7 7 7 7 7 7 7 7 7 

Wuhu 9 10 9 10 8 9 10 14 14 

Xuzhou 14 15 14 16 13 13 14 13 12 

Xuancheng 33 33 33 35 34 35 31 32 33 

Yancheng 19 19 19 20 18 19 18 18 18 

Yangzhou 17 16 18 18 19 16 17 17 17 

Zhenjiang 16 18 17 17 17 18 19 19 19 

Zhoushan 34 35 34 33 37 37 39 39 40 

 

1 Suzhou*represents Suzhou City in Anhui Province, not Suzhou city in Jiangsu Province 

2 Taizhou*represents Taizhou City in Jiangsu Province, not Taizhou city in Zhejiang Province 
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In terms of high-quality economic development level, Shanghai's performance is still eye-
catching. Shanghai's comprehensive strength is consistently ranked first in the Yangtze River 
Delta region. As an important center of science and technology, finance and education in China, 
the development of Shanghai has a crucial role in the Yangtze River Delta region and even the 
whole country. In addition, Suzhou, Nanjing, Ningbo, and Hangzhou also ranked high in the 
Yangtze River Delta region. It is worth noting that Hefei's high-quality economic development 
level has grown rapidly in the nine-year period since 2012, from the middle level of the Yangtze 
River Delta region (21st) to the 8th place. In addition to Hefei, the ranking of Lishui, Lu'an, 
Quzhou, Maanshan, and Wuhu has also been greatly improved, rising by 6, 5, 5, 10 and 8 places, 
respectively compared with 2012. On the contrary, the cities represented by Bozhou, Huaian, 
Taizhou, Taizhou*, Yangzhou, and Zhenjiang, whose high-quality economic development level 
has dropped by 7, 16, 6, 7, 8 and 6 places, respectively. 

It should be noted that, from the value of high-quality economic development level which is not 
reported in this paper, the high-quality economic development level of all cities in the Yangtze 
River Delta has maintained a growth trend. However, there are differences in the growth rate. 
According to the theory of late-mover advantages, the areas with relatively backward economic 
development levels can often obtain a higher economic growth rate. On the contrary, it is tough 
for regions with a relatively top level of economic development to maintain high growth. 

From the perspective of different provinces, in the past few decades, the excessive pursuit of 
economic growth quantity has neglected the quality, leading to a significant economic 
development gap between different regions and within the same region. For example, most of 
Anhui province still lags behind other regions, such as Jiangsu, Zhejiang, and Shanghai. 
Especially in Anqing, Bozhou, Chizhou, Fuyang, Huaibei, Huainan, Lu'an, and Suzhou*, the high-
quality economic development level is often located at the end of the Yangtze River Delta region. 
However, due to the early opening up, Jiangsu, Zhejiang, and Shanghai attracted a large number 
of foreign capital as early as the early stage of reform and opening up. Long-term development 
produced a siphon effect of talents and other resources on the surrounding areas with relatively 
backward economic development, further widening the gap with Anhui and other inland areas 
such as Anhui. In addition, there is also an economic development gap in the same province. 
Due to the proximity to Shanghai, “Suxichang” (Suzhou, Wuxi, and Changzhou) and other places 
undertook industrial transfer from Shanghai, which obtained higher “dividends” than Suqian in 
northern Jiangsu, thus creating the economic development gap. 
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Table 4  Comprehensive ranking of high-quality economic development level 

     
Year    

City 

20
12 

20
13 

20
14 

20
15 

20
16 

20
17 

20
18 

20
19 

20
20 

Anqing 39 37 39 38 39 40 40 41 39 

Bengbu 31 30 29 26 24 26 28 27 31 

Bozhou 33 32 35 36 36 38 37 35 40 

Changzho
u 

7 7 7 8 7 7 7 7 7 

Chizhou 35 34 34 34 31 31 34 36 35 

Chuzhou 36 35 33 33 30 33 33 32 33 

Fuyang 38 39 40 41 41 41 41 40 41 

Hangzhou 3 3 3 3 3 3 3 3 3 

Hefei 21 14 12 12 11 11 9 9 8 

Huzhou 16 13 15 15 16 18 17 15 17 

Huaian 11 24 23 25 26 27 27 28 27 

Huaibei 32 36 36 35 35 35 39 39 38 

Huainan 37 38 37 40 37 36 35 30 34 

Huangsha
n 

29 29 30 32 32 32 31 29 30 

Jiaxing 10 10 9 10 9 10 10 8 11 

Jinhua 12 11 10 9 10 9 11 11 9 

Lishui 25 25 22 18 17 17 20 19 19 

Lianyunga
ng 

28 28 28 28 33 28 26 34 28 

Lu'an 41 41 41 39 40 39 38 37 36 

Maanshan 23 22 16 13 13 15 15 14 13 

Nanjing 6 6 6 5 6 4 5 4 4 

Nantong 9 9 8 7 8 8 8 10 10 

Ningbo 4 4 4 4 4 5 4 5 5 

Quzhou 30 31 31 27 27 25 25 25 25 

Shanghai 1 1 1 1 1 1 1 1 1 

Shaoxing 13 12 11 11 12 13 12 12 12 

Suzhou 2 2 2 2 2 2 2 2 2 

Suqian 27 27 27 31 34 34 32 33 29 

Suzhou＊ 40 40 38 37 38 37 36 38 37 

Taizhou 15 18 18 17 18 16 18 18 21 

Taizhou＊ 17 19 25 23 23 23 23 23 24 

Tongling 24 23 26 29 29 30 29 26 26 

Wenzhou 20 17 14 16 19 21 16 17 16 

Wuxi 5 5 5 6 5 6 6 6 6 

Wuhu 26 26 21 19 20 19 21 20 18 

Xuzhou 22 21 20 21 22 22 19 21 20 

Xuancheng 34 33 32 30 28 29 30 31 32 

Yancheng 19 20 24 24 25 24 24 24 23 

Yangzhou 14 15 19 20 21 20 22 22 22 

Zhenjiang 8 8 13 14 14 14 14 16 14 

Zhoushan 18 16 17 22 15 12 13 13 15 
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4. Research on the coupling and coordination relationship between 
science and technology innovation and high-quality economic 
development 

4.1. Evaluation criteria for coupling coordination 

Referring to the preexisting studies(Li and Cui, 2018), In this paper, we use 0.4 as the bound, 
and the coupling coordination relationship is divided into disorder and coordination. The 
specific evaluation criteria are divided into ten grades, as shown in Table 5.  

 

Table 5  Evaluation criteria for the coupling and coordination degree 

Coupling 
coordination degree 

Coupling 
coordination level 

Coupling 
coordination degree 

Coupling 
coordination level 

0<D≤0.1 1 0.5<D≤0.6 6 

0.1<D≤0.2 2 0.6<D≤0.7 7 

0.2<D≤0.3 3 0.7<D≤0.8 8 

0.3<D≤0.4 4 0.8<D≤0.9 9 

0.4<D≤0.5 5 D>0.9 10 

 

4.2. Results of the coupling coordination measure 

According to the division standard, this paper obtains the coupling and coordination 
relationship stage between technological innovation and high-quality economic development 
in the Yangtze River Delta region from 2012 to 2020, as shown in Table 6.  

It can be found that the level of the coupling and coordination level of technological innovation 
and high-quality economic development in most cities from 2012 to 2020 has been improved, 
which shows that the cities have made remarkable achievements in science and technology and 
high-quality economic development. The capacity of technological innovation is in line with the 
high level of economic development. The cities have gradually shifted to synchronous and 
coordinated development in line with the level of quality economic development, which is 
closely related to recent measures, such as cities in the Yangtze River Delta region accelerating 
the implementation of the transformation of economic development model, strengthening in-
depth economic cooperation and close ties between regions, and promoting the circulation of 
factors. 

Overall, no city has a level of 10. As of 2020, most cities have coupling coordination levels of 4 
and 5, with 18 and 11 cities, respectively. The city with the highest level of coupling 
coordination is Shanghai, and the level of coupling coordination has reached level 9 since 2016. 
In addition to Shanghai, whose coupling and coordination level reached level 9, Hangzhou, Hefei, 
Nanjing, Ningbo, Suzhou, and other places also reached a higher level of level 8, 7, 8, 7, and 8, 
respectively. The above cities are all central or sub-central cities of their respective provinces, 
and the level of technological innovation and high-quality economic development are also 
among the top in the Yangtze River Delta. Furthermore, there is no city which the coupling and 
coordination level is only level 1, and the lowest coupling and coordination level is that of 
Chizhou and Huaibei, only level 3. 

For the improvement of the coupling coordination level, each city's factor endowment and 
economic foundation are different, and the improvement speed of the coupling coordination 
level is also uneven. In 2012, the coupling coordination level of Bozhou, Chizhou, and Suzhou * 
was only level 2. However, by 2020, the coupling coordination level of the above three cities 
reached level 4, level 3 and level 4, respectively, all of which were improved to varying degrees. 
In addition, Changzhou, Hangzhou, Hefei, Jinhua, Nanjing, and Wenzhou have been upgraded to 
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two levels. It can be seen that the rapid development speed of technological innovation in 
various cities reflects that technological innovation has accelerated the improvement of the 
quality and efficiency of urban economic development degree. At the same time, the 
improvement of economic development level can also create a good material foundation for 
urban technological innovation. 

 

Table 6  Coupling and coordination stage of technological innovation and high-quality 
economic development in the Yangtze River Delta region 

    
Year 

City   

20
12 

20
13 

20
14 

20
15 

20
16 

20
17 

20
18 

20
19 

20
20 

Anqing 3 3 3 3 3 3 3 4 4 

Bengbu 3 3 4 4 4 4 4 4 4 

Bozhou 2 2 2 3 3 3 3 3 4 

Changzho
u 

4 5 5 5 5 5 5 5 6 

Chizhou 2 3 3 3 3 3 3 3 3 

Chuzhou 3 3 3 3 4 4 4 4 4 

Fuyang 3 3 3 3 3 3 4 4 4 

Hangzho
u 

6 6 6 6 7 7 7 7 8 

Hefei 5 5 5 5 6 6 6 6 7 

Huzhou 4 4 4 4 4 4 5 5 5 

Huaian 4 4 4 4 4 4 4 4 4 

Huaibei 3 3 3 3 3 3 3 3 3 

Huainan 3 3 3 3 3 3 4 4 4 

Huangsha
n 

3 3 3 3 3 3 3 3 4 

Jiaxing 4 4 4 5 5 5 5 5 5 

Jinhua 4 4 5 5 5 5 5 5 6 

Lishui 3 3 3 3 4 4 4 4 4 

Lianyung
ang 

3 3 4 4 4 4 4 4 4 

Lu'an 3 3 3 3 3 3 4 4 4 

Maansha
n 

3 4 4 4 4 4 4 4 4 

Nanjing 6 6 6 7 7 7 7 8 8 

Nantong 5 5 4 5 5 5 5 5 5 

Ningbo 6 6 6 6 6 6 6 6 7 

Quzhou 3 3 3 3 3 4 4 4 4 

Shanghai 8 8 8 8 9 9 9 9 9 

Shaoxing 4 4 5 5 5 5 5 5 5 

Suzhou 7 7 7 7 7 7 8 8 8 

Suqian 3 3 3 3 3 4 4 4 4 

Suzhou* 2 2 3 3 3 3 3 3 4 
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Taizhou 4 4 4 4 4 4 5 5 5 

Taizhou* 4 4 4 4 4 4 4 5 5 

Tongling 3 3 4 4 4 4 4 4 4 

Wenzhou 4 5 5 5 5 5 5 5 6 

Wuxi 5 5 5 5 6 6 6 6 6 

Wuhu 4 4 4 5 5 5 5 5 5 

Xuzhou 4 4 4 4 5 5 5 5 5 

Xuanchen
g 

3 3 3 3 3 3 4 4 4 

Yancheng 4 4 4 4 4 4 5 5 5 

Yangzhou 4 4 4 4 4 4 5 5 5 

Zhenjiang 4 4 4 4 4 5 5 5 5 

Zhoushan 3 3 3 3 3 3 4 4 4 

 

5. Conclusions and policy implications 

5.1. Conclusions 

We construct two indicator systems to measure technological innovation and high-quality 
economic development of cities in the Yangtze River Delta region, respectively. Then, the 
coupling coordination model is used to study the interaction between technological innovation 
and high-quality economic development in 41 cities at the prefecture level and above in the 
Yangtze River Delta region. The results show that: 1. Between 2012 and 2020, the level of 
technological innovation and high-quality economic development of all cities in the Yangtze 
River Delta region have improved to different degrees, but within the Yangtze River Delta 
region, there is an uneven development of both the level of technological innovation and high-
quality economic development and this difference is reflected within the same province and 
between different provinces. The level of technological innovation and high-quality economic 
development in Anhui Province is in a relatively backward state. 2. The level of coupling and 
coordination between technological innovation and high-quality economic development in all 
cities of the Yangtze River Delta region has generally improved, reflecting the concept of 
innovation-driven high-quality economic development implemented by each city. However, 
due to the influence of each city's own factor endowment and economic foundation, the level of 
coupling and coordination of each city's level of improvement varies. 

5.2. Policy implications 

Based on the above findings, this paper has the following implications for improving the level 
of technological innovation and high-quality economic development of cities in the Yangtze 
River Delta region: regional cooperation and links between provinces and cities should be 
strengthened to promote the circulation of innovation factors such as talents and knowledge 
within and between regions. Barriers to the circulation of innovation factors should be removed 
by establishing effective cooperation mechanisms. By establishing a platform for sharing 
scientific and technological achievements, the shortage of innovation factors in areas with a 
more backward level of technological innovation and economic development can be effectively 
compensated for, thus fully releasing the spatial spillover effect of scientific and technological 
innovation on the level of high-quality economic development. In addition, through inter-
regional and intra-regional communication and collaboration, specific enterprises can be 
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promoted to cluster and integrate within specific regions according to their different resource 
endowments and comparative advantages, thus realizing economies of scale. 
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