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Abstract 
With the advancement of science and technology, the digital economy has developed 
rapidly in recent years. In order to have a deeper understanding of the status quo of the 
development level of the digital economy in the Yangtze River Delta region, this paper 
uses the entropy method to measure the digital economy level of 41 cities in the Yangtze 
River Delta region from 2011 to 2019, and uses the Theil index to analyze the regional 
differences and sources of the digital economy level of this area. The research results 
show that the digital economy index of the Yangtze River Delta urban agglomeration has 
increased year by year during the sample investigation period and it will continue to rise 
steadily in the future. At the same time, the digital economy level in the Yangtze River 
Delta region has a gradient distribution pattern with significant regional differences. 
What’s more, by calculating the Theil index, it is found that the overall difference in the 
digital economy level of the Yangtze River Delta urban agglomeration is shrinking. And 
before 2013, the overall difference was mainly due to regional differences, while it has 
been mainly due to intra-regional differences since 2013. 
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1. Introduction 

The advent of the digital age has not only brought about a comprehensive change in production 
methods, but also provided a new development model for a country's economy. Today, digital 
resources have become an important strategic resource for the country. And the level of digital 
economy has also become an important indicator of high-quality economic development, 
guiding industrial transformation and providing new ideas for the application of science and 
technology to economic construction. According to the "White Paper on the Development of 
China's Digital Economy (2021)", the scale of Chinese digital economy has reached 39.2 trillion 
yuan in 2020, accounting for 38.6% of GDP. Under the combined influence of the impact of the 
epidemic and the global economic downturn, the growth rate is still more than three times the 
nominal growth rate of GDP over the same period. In a word, the digital economy has a broad 
growth space and it is the key driving force for future development. In recent years, many 
scholars have studied and analyzed the digital economy, conducting research and discussions 
from the aspects of digital economy measurement, spatial development differences, influence 
effects, development difficulties and significance. As the country's technological innovation 
highland and economic development engine, the Yangtze River Delta urban agglomeration also 
plays an important role in the country's leading digital economy development. Therefore, based 
on the digital economy index of the Yangtze River Delta urban agglomeration from 2011 to 
2019, this paper makes a dynamic comparative analysis of the development level and 
differences of the digital economy in the Yangtze River Delta urban agglomeration as a whole 
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and within the region. It will be of great significance for this urban agglomeration to play a 
pioneering role in economic reform and to promote the overall level of Chinese digital economy. 

2. Literature Review 

At present, digital economy, as an important direction of future economic development, has 
become a research hotspot in academic circles in recent years. The research focuses on the 
measurement of digital economy level, regional and spatiotemporal differences, impact effects 
and other aspects. Details are as follows: 
The first is the research on the measurement of the development level of the digital economy. 
Zhang Xueling and Jiao Yuexia (2017) [1] selected five categories of information and 
communication infrastructure, ICT primary and advanced applications, enterprise digitization, 
and information and communication technology industry development to construct an 
evaluation index system. The study found that the development of Chinese digital economy has 
generally shown a growth trend, but the growth rate has slowed down. Based on the 
perspective of input and output, Wan Xiaoyu et al. (2019) [2] took digital input, digital 
governance, and digital output as primary indicators and measure the specific value of the 
indicator, providing a theoretical basis for improving the modern governance level of the digital 
economy. Wu Chuanqing and Zhang Shining (2021) [3] focused on the Yangtze River Economic 
Belt and constructed an indicator system from three dimensions of digital economic 
infrastructure, digital industrialization, and industrial digitization. They believed that the 
Yangtze River Economic Belt has comparative advantages in the development of digital 
economy nationwide. According to the latest digital economy statistical classification standards 
issued by the National Bureau of Statistics, Wu Jingfei and Wang Xiaoyue (2022) [4] used the 
entropy weight method to calculate the digital economy development level of each province 
from 2009 to 2019, providing a more rigorous and scientific data foundation for subsequent 
digital economy research. 
The second is research on regional differences in the digital economy. Liu Chuanhui and Yang 
Zhipeng (2021) [5] measured the digital economy index of the Yangtze River Delta urban 
agglomeration, the Beijing-Tianjin-Hebei urban agglomeration, the Pearl River Delta urban 
agglomeration, the Central Plains urban agglomeration, the Chengdu-Chongqing urban 
agglomeration and the Guanzhong Plain urban agglomeration. They found that there are spatial 
differences in the development of the digital economy. For example, the development level of 
the eastern region was higher than that of the western region among urban agglomerations, 
and the difference between cities in the eastern region within the urban agglomeration was 
smaller than that of the western region. Cao Pingping et al. (2022) [6] used the kernel density 
estimation method and Dagum Gini coefficient to calculate the digital economy development 
index of cities at prefecture level and above from 2011 to 2018. The results showed that the 
Gini coefficient of the eastern, central and western regions decreased, and the digital economy 
development gap gradually shrink. The overall difference in development level mainly came 
from the difference between regions and the difference between cities within the region had 
less influence on the overall difference. 
The third is the research on the impact of digital economy. Guo Jitao and Liang Shuang (2021) 
[7] studied the impact mechanism of the digital economy on total factor productivity, and came 
to the conclusion that the two are positively correlated. Guo Bingnan et al. (2021) [8] analyzed 
the transmission mechanism and impact benefits of the digital economy on the upgrading of 
the industrial structure. They held a belief that the digital economy can promote the 
rationalization and upgrading of the industrial structure, and it contribute more to the 
upgrading of the industrial structure. Ren Baoping and Chi Kehan (2022) [9] found that the 
digital economy plays an important role in supporting the high-quality development of the real 
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economy, which is embodied in improving the innovation capability as well as production 
efficiency and promoting comprehensive reforms. 
To sum up, many achievements have been made in the measurement of the digital economy. 
While most of them focus on the national macro level, there are few studies on a single urban 
agglomeration, especially fewer studies on the development of the digital economy in the 
Yangtze River Delta urban agglomeration. On the basis of the above research, this paper 
calculates the digital economy index of the Yangtze River Delta urban agglomeration from 2011 
to 2019, intuitively revealing the development status and real level of the digital economy in 
the region. Besides, the paper also use the Theil index to analyze the regional differences and 
sources of the digital economy level of the Yangtze River Delta urban agglomeration, which can 
provide important data basis and theoretical reference for judging the development status of 
the digital economy, regulating the development of the digital economy industry and 
formulating policies and measures related to the digital economy. Moreover, it is of a certain 
degree of research significance for the paper to choose the Yangtze River Delta urban 
agglomeration as the research object. On the one hand, the Yangtze River Delta urban 
agglomeration, as one of the most developed regions in China, has a leading demonstration role 
in economic, legal and cultural development. By analyzing the advantages and disadvantages of 
digital economy development in this region, it can provide reference for the rest cities of the 
country and make Yangtze River Delta urban agglomeration economic powerhouse. This is 
mainly reflected in the fact that other cities can replicate and promote the successful model of 
the Yangtze River Delta urban agglomeration, summarize the conditions conducive to the 
development of the digital economy and improve their own digital economy level through 
policy guidance and financial support. What’s more, these cities should pay attention to 
avoiding problems arising from the development of the digital economy in the Yangtze River 
Delta urban agglomeration, which can help reduce the cost of trial and error. On the other hand, 
the analysis from the perspective of urban agglomeration is in line with the current strategy on 
spatial planning in China. The 14th Five-Year Plan, emphasizing the importance of regional 
economy and coordinated development of regions, requires optimizing regional economic 
layout and accelerating the construction of a networked spatial pattern with urban 
agglomerations as the carrier. Therefore, in the future, the digital economy will definitely focus 
on combining with the regional economy and forming multiple regional growth poles across 
the country so that it can help drive the development of backward cities and improve the overall 
level of national digital economy development. 

3. Measurement of the Digital Economy Level of the Yangtze River Delta 
Urban Agglomeration and Analysis of Regional Differences 

3.1. Measurement of the Digital Economy Level of the Yangtze River Delta 
Urban Agglomeration 

Referring to the research of Zhao Tao et al. (2020) [10], this paper constructs the digital 
economy index system of the Yangtze River Delta urban agglomeration from five dimensions: 
the number of Internet users per 100 people, the total telecommunications business per capita, 
the proportion of computer service and software employees, the number of mobile phone users 
per 100 people, and the digital financial inclusion index. The details is shown in Table 1. Based 
on the panel data of the Yangtze River Delta urban agglomeration from 2011 to 2019, the paper 
uses the entropy method to calculate the comprehensive index of the digital economy in the 
region. The specific results are shown in Table 2. 
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Table 1. Construction of digital economy index evaluation system in Yangtze River Delta 
urban agglomeration 

Primary Indicator Secondary Indicators 
Unit Of 

Measurement 
Index 

Attribute 

Digital Economy 
Composite Index 

the number of Internet users per 100 
people 

Household per 100 
People 

positive 

the proportion of computer service and 
software employees 

% positive 

the total telecommunications business 
per capita 

Yuan per people positive 

the number of mobile phone users per 
100 people 

Household per 100 
people 

positive 

the digital financial inclusion index Index positive 

Note: The original data are mainly from the China Urban Statistical Yearbook and the Digital 
Finance Research Center of Peking University. 
 
This paper uses the entropy method to calculate the digital economy comprehensive index of 
the Yangtze River Delta urban agglomeration from 2011 to 2019. The specific steps are as 
follows: 

For a set of data ( )ij m nA x  : 

 

  
11 1

1

m

n nm

x x

A

x x

 
   
  


  


                                                                    (1) 

 
Since the dimensions and attributes of the indicators are different, the data is first standardized 
in order to make them comparable. And the formula is as follows: 
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Calculate information entropy je : 
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Computing Information Entropy Redundancy jd : 
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Calculate indicator weights jw : 
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Weighted total score ijS : 
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Among them, ijS is the comprehensive index of the digital economy to be measured and its value 
range is 0-1. The larger the value, the higher the level of development of the digital economy. 
On the contrary, it means that the development level of the digital economy is lower. 
Table 2 shows the digital economy composite index of the Yangtze River Delta urban 
agglomeration from 2011 to 2019 and the average index within the sample period. It can be 
seen that the development level of the digital economy in the Yangtze River Delta urban 
agglomeration shows a steady upward trend in general. From 2011 to 2013, the digital 
economy level of 41 cities in the Yangtze River Delta was low and the original base was small, 
so the improvement of the digital economy was more obvious and the growth rate was faster. 
After 2014, the growth rate of most cities slowed down and 9 cities experienced a certain 
negative growth compared with 2013. From 2015 to 2019, the development level of the digital 
economy in the Yangtze River Delta urban agglomeration improved steadily year by year. In 
2016, the growth rate of 9 cities exceeded 20%. Since then, the growth rate of the digital 
economy development level of the Yangtze River Delta urban agglomeration has generally been 
slow, but it has shown a good development momentum of sustainable growth. 
According to the development level of different cities, Shanghai's digital economy composite 
index from 2011 to 2019 is generally higher than other cities in the Yangtze River Delta region 
and its average composite index ranks first. In addition, Nanjing, Hangzhou, and Suzhou also 
have a relatively high level of digital economic development, which means that they are all at 
the forefront of the Yangtze River Delta urban agglomeration. As time goes by, the difference in 
the development of the digital economy between the leading cities and the remaining cities has 
gradually increased. The average composite index of 12 cities including Yancheng, Xuzhou, 
Huai'an, Anqing, and Huaibei is less than 0.1. These cities belong to the disadvantaged areas of 
development and are mainly in Anhui Province. Therefore, it can be inferred that there are 
obvious regional differences in the development of digital economy in the Yangtze River Delta 
urban agglomeration. 
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Table 2. 2011-2019 Yangtze River Delta Urban Agglomeration Digital Economy Composite 
Index 

City 
Year 

Mean 
2011 2012 2013 2014 2015 2016 2017 2018 2019 

Shanghai 0.160 0.188 0.315 0.266 0.271 0.281 0.306 0.342 0.356 0.276 
Nanjing 0.145 0.162 0.256 0.253 0.272 0.303 0.325 0.358 0.374 0.272 

Hangzhou 0.165 0.198 0.233 0.228 0.249 0.285 0.322 0.328 0.343 0.261 
Suzhou 0.146 0.172 0.198 0.201 0.208 0.239 0.272 0.275 0.295 0.223 

Zhoushan 0.117 0.133 0.149 0.277 0.297 0.197 0.194 0.202 0.208 0.197 
Wuxi 0.127 0.137 0.164 0.172 0.186 0.216 0.234 0.250 0.265 0.195 

Ningbo 0.127 0.145 0.165 0.178 0.187 0.199 0.223 0.225 0.232 0.187 
Jiaxing 0.114 0.136 0.155 0.162 0.169 0.183 0.194 0.197 0.203 0.168 
Jinhua 0.106 0.127 0.151 0.157 0.164 0.172 0.196 0.219 0.214 0.167 

Changzhou 0.105 0.120 0.139 0.139 0.151 0.180 0.199 0.214 0.226 0.164 
Huzhou 0.084 0.104 0.145 0.150 0.151 0.163 0.188 0.212 0.220 0.158 

Hefei 0.072 0.085 0.108 0.128 0.154 0.167 0.186 0.201 0.214 0.146 
Wenzhou 0.092 0.113 0.129 0.132 0.145 0.154 0.168 0.180 0.185 0.144 
Shaoxing 0.085 0.106 0.120 0.129 0.139 0.151 0.167 0.170 0.173 0.138 
Zhenjiang 0.075 0.092 0.112 0.115 0.124 0.146 0.171 0.175 0.191 0.133 
Taizhou 0.086 0.102 0.114 0.119 0.128 0.140 0.150 0.163 0.171 0.130 
Lishui 0.085 0.095 0.111 0.116 0.124 0.133 0.146 0.155 0.162 0.125 

Yangzhou 0.083 0.096 0.101 0.103 0.113 0.136 0.153 0.159 0.170 0.124 
Quzhou 0.081 0.082 0.119 0.110 0.123 0.123 0.146 0.155 0.172 0.123 

Huangshan 0.085 0.100 0.119 0.104 0.111 0.117 0.134 0.145 0.152 0.118 
Nantong 0.072 0.084 0.089 0.091 0.099 0.119 0.139 0.145 0.163 0.111 

Ma’anshan 0.051 0.070 0.095 0.096 0.100 0.121 0.137 0.148 0.157 0.108 
Taizhou 0.065 0.085 0.079 0.088 0.095 0.117 0.135 0.140 0.155 0.106 
Chuzhou 0.054 0.083 0.090 0.103 0.105 0.112 0.119 0.152 0.124 0.105 

Wuhu 0.047 0.066 0.084 0.094 0.107 0.119 0.130 0.143 0.155 0.105 
Tongling 0.059 0.082 0.099 0.106 0.118 0.098 0.137 0.117 0.125 0.104 

Xuancheng 0.052 0.065 0.081 0.099 0.110 0.118 0.129 0.136 0.141 0.104 
Lianyungang 0.060 0.075 0.082 0.089 0.097 0.115 0.130 0.130 0.141 0.102 

Chizhou 0.060 0.073 0.083 0.079 0.099 0.110 0.122 0.131 0.139 0.100 
Yancheng 0.055 0.067 0.077 0.077 0.087 0.107 0.125 0.136 0.156 0.099 

Xuzhou 0.053 0.069 0.077 0.081 0.087 0.107 0.120 0.132 0.146 0.097 
Huai’an 0.047 0.060 0.073 0.077 0.087 0.105 0.122 0.134 0.147 0.095 
Anqing 0.049 0.064 0.073 0.089 0.095 0.106 0.118 0.124 0.124 0.094 
Huaibei 0.040 0.055 0.074 0.086 0.093 0.113 0.119 0.126 0.136 0.093 
Suqian 0.049 0.064 0.069 0.073 0.083 0.103 0.119 0.124 0.139 0.091 
Bengbu 0.056 0.054 0.081 0.079 0.089 0.101 0.110 0.117 0.123 0.090 
Suzhou 0.036 0.049 0.063 0.084 0.101 0.102 0.089 0.117 0.118 0.084 

Huainan 0.039 0.057 0.070 0.078 0.089 0.093 0.100 0.109 0.114 0.083 
Bozhou 0.038 0.050 0.066 0.066 0.075 0.086 0.100 0.107 0.107 0.077 
Lu’an 0.021 0.036 0.048 0.079 0.076 0.087 0.105 0.113 0.116 0.076 

Fuyang 0.031 0.046 0.067 0.059 0.070 0.083 0.092 0.101 0.108 0.073 
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3.2. Gradient Distribution of Digital Economy Level in the Yangtze River Delta 
Urban Agglomeration 

According to the average value of the digital economy index of 41 cities in the Yangtze River 
Delta from 2011 to 2019, the Yangtze River Delta urban agglomeration can be divided into four 
echelons. The specific results are shown in Table 3. The first-tier cities with an average 
composite index greater than 0.2 are Shanghai, Nanjing, Hangzhou, and Suzhou; those with an 
average composite index of 0.1-0.15 are the second-tier cities, including Zhoushan, Wuxi, 
Ningbo, Jiaxing and other 7 cities ; The third-tier cities with an average composite index of 0.1-
0.15 are Hefei, Wenzhou, Shaoxing, Zhenjiang and other 18 cities; the fourth-tier cities with an 
average composite index of less than 0.1 are Yancheng, Xuzhou, Huai'an, Anqing and other 12 
cities. In general, as the average index decreases, the number of disadvantaged cities in the tail 
increases and most cities are in the third tier. So the future development of the digital economy 
in the Yangtze River Delta urban agglomeration still has great prospects and development space. 
By supporting the development of third-tier and fourth-tier cities, the government should focus 
on the development of disadvantaged cities to drive the improvement of the overall level of the 
entire region. 
 
Table 3. The echelon distribution of digital economy development in the Yangtze River Delta 

urban agglomeration from 2011 to 2019 

Echelon division Cities 

First Tier Shanghai, Nanjing, Hangzhou, Suzhou 

Second Tier Zhoushan, Wuxi, Ningbo, Jiaxing, Jinhua, Changzhou, Huzhou 

Third Tier 
Hefei, Wenzhou, Shaoxing, Zhenjiang, Taizhou, Lishui, Yangzhou, Quzhou, Huangshan, 

Nantong, Ma'anshan, Taizhou, Chuzhou, Wuhu, Tongling, Xuancheng, Lianyungang, 
Chizhou 

Fourth Tier Yancheng, Xuzhou, Huai'an, Anqing, Huaibei, Suqian, Bengbu, Suzhou, Huainan, 
Bozhou, Lu'an, Fuyang 

 
Tables 4 shows the average value of the digital economy sub-indices of the Yangtze River Delta 
urban agglomeration from 2011 to 2019 and table 5 shows the overall average of the digital 
economy sub-indices of each echelon city in the Yangtze River Delta. Among the first-tier cities, 
the total telecommunications business per capita, the number of mobile phone users per 100 
people, and the digital financial inclusion index in Shanghai have obvious advantages over other 
cities in the Yangtze River Delta, which are important guarantees for the rapid development of 
Shanghai's digital economy. Nanjing and Hangzhou take the number of Internet users per 100 
people, the proportion of computer service and software employees and the digital economy 
financial inclusion index as the main advantages of development while the main advantages of 
development of Suzhou are the number of Internet users per 100 people, the total 
telecommunications business per capita and the number of mobile phone users per 100 people. 
It can be concluded that although Shanghai, Nanjing, Hangzhou, and Suzhou have similar levels 
of digital economic development, the development foundations and advantages in these four 
cities are different. 
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Table 4. Average values of sub-indices of digital economy in the Yangtze River Delta urban 
agglomeration from 2011 to 2019 

Di
vis
io
n 

City 

Digital 
Economy 

Composite 
Index 

The Number of 
Internet Users 
Per 100 People 

The Total 
Telecommunicati
ons Business Per 

Capita 

The Proportion 
of Computer 
Service And 

Software 
Employees 

The Number of 
Mobile Phone 
Users Per 100 

People 

The Digital 
Financial 
Inclusion 

Index 

Fir
st 
Ti
er 

Shanghai 0.276 46.998 3672.208 4.359 227.282 214.208 

Nanjing 0.272 48.938 1892.604 6.226 168.916 210.712 

Hangzhou 0.261 51.255 2432.220 4.336 220.196 223.436 

Suzhou 0.223 60.253 2956.012 1.364 231.661 204.990 

Se
co
nd 
Ti
er 

Zhoushan 0.197 65.988 1487.797 1.686 169.418 193.769 

Wuxi 0.195 46.724 2055.010 1.949 182.057 200.016 

Ningbo 0.187 53.876 1984.646 0.885 205.664 203.179 

Jiaxing 0.168 42.342 2159.167 0.720 173.664 199.510 

Jinhua 0.167 42.785 1542.645 0.922 203.253 201.020 

Changzho 0.164 43.632 1682.520 1.003 151.990 200.969 

Huzhou 0.158 44.374 1246.628 1.077 155.841 194.910 

Th
ird 
Ti
er 

Hefei 0.146 25.709 1127.866 2.073 109.709 194.934 

Wenzhou 0.144 36.243 1445.791 0.659 139.223 202.397 

Shaoxing 0.138 37.642 1219.465 0.376 160.098 193.538 

Zhenjiang 0.133 34.143 1091.299 0.850 121.226 191.351 

Taizhou 0.130 30.940 1167.280 0.613 136.181 194.162 

Lishui 0.125 22.942 698.478 1.622 105.325 187.283 

Yangzhou 0.124 26.781 924.221 1.116 100.862 188.773 

Quzhou 0.123 23.003 748.763 1.611 92.776 185.651 

Huangsha
n 0.118 19.438 921.370 1.725 77.578 172.953 

Nantong 0.111 25.854 861.907 0.592 96.165 188.421 

Ma’anshan 0.108 20.595 543.955 1.302 81.759 179.382 

Taizhou 0.106 22.612 747.469 0.783 82.474 185.218 

Chuzhou 0.105 14.704 899.906 1.483 67.409 165.017 

Wuhu 0.105 20.419 810.034 0.855 81.413 180.464 

Tongling 0.104 24.688 715.438 0.721 83.700 176.081 

Xuancheng 0.104 17.386 609.223 1.396 73.448 169.143 

Lianyunga
ng 0.102 19.006 591.762 1.098 74.678 176.800 

Chizhou 0.100 16.589 480.017 1.444 69.100 165.333 

Fo
urt
h 
Ti
er 

Yancheng 0.099 18.239 584.857 1.004 72.979 175.508 

Xuzhou 0.097 17.457 583.679 0.864 77.302 178.578 

Huai’an 0.095 16.919 536.948 0.951 67.750 175.006 

Anqing 0.094 12.690 436.848 1.498 62.426 161.265 

Huaibei 0.093 18.551 542.855 0.876 75.637 164.849 

Suqian 0.091 15.483 518.940 0.940 68.873 170.219 

Bengbu 0.090 15.990 526.410 0.910 64.676 167.264 

Suzhou 0.084 12.665 393.703 1.212 61.688 149.979 

Huainan 0.083 15.890 608.123 0.486 64.974 166.130 

Bozhou 0.077 9.022 437.358 1.162 49.805 146.275 

Lu’an 0.076 9.291 385.495 0.910 52.419 156.840 

Fuyang 0.073 10.523 228.195 0.960 46.046 152.716 
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In the second-tier cities, the number of Internet users per 100 people and the level of digital 
financial inclusion are almost the same as those in the first-tier cities. The gap with the first-tier 
cities is reflected in the total telecommunications business per capita, the proportion of 
computer service and software employees and the number of mobile phone users per 100 
people. Among them the difference in the proportion of computer service and software 
employees is the largest. 
The third and fourth echelon cities generally have the disadvantages of insufficient Internet 
users per 100 people and mobile phone users per 100 people, low total telecommunications 
business per capita, and low proportion of computer service and software employees. While 
the development level of digital inclusive finance is less different from that of the first and 
second tier cities, which is the main advantage of the third and fourth tier cities in the process 
of digital economy development. 

 

Table 5. The overall average value of the digital economy sub-indices of each echelon city in 
the Yangtze River Delta from 2011 to 2019 

Echelon 
Division 

Digital 
Economy 

Composite 
Index 

The Number 
Of Internet 
Users Per 

100 People 

The Total 
Telecommun

ications 
Business Per 

Capita 

The 
Proportion 

Of Computer 
Service And 

Software 
Employees 

The Number 
Of Mobile 

Phone Users 
Per 100 
People 

The Digital 
Financial 
Inclusion 

Index 

First Tier 0.258 51.861 2738.261 4.071 212.014 213.336 

Second Tier 0.177 48.532 1736.916 1.177 177.413 199.053 

Third Tier 0.118 24.372 866.902 1.129 97.396 183.161 

Fourth Tier 0.088 14.393 481.951 0.981 63.714 163.719 

3.3. Comparative Analysis of the Digital Economy Level of Three Provinces and 
One City in the Yangtze River Delta Region 

According to the results of the digital economy composite index of the Yangtze River Delta 
urban agglomeration from 2011 to 2019 in Table 1, this paper further calculates the average 
digital economy composite index of the three provinces and one city. The specific results are 
shown in Table 6. Based on the data, a line graph is drawn to visually represent the development 
differences between provinces. And the analysis from the perspective of cities to the 
perspective of provinces is conducive to a more in-depth study of the regional development of 
the digital economy. 
 

Table 6. Digital economy composite index of three provinces and one city in the Yangtze 
River Delta region from 2011 to 2019 

Province 
Year 

Mean 
2011 2012 2013 2014 2015 2016 2017 2018 2019 

Shanghai 0.160 0.188 0.315 0.266 0.271 0.281 0.306 0.342 0.356 0.276 
Zhejiang 0.104 0.122 0.145 0.160 0.171 0.173 0.191 0.201 0.208 0.164 
Jiangsu 0.083 0.099 0.116 0.120 0.130 0.153 0.173 0.182 0.198 0.139 
Anhui 0.049 0.065 0.081 0.089 0.099 0.108 0.121 0.130 0.135 0.098 

 
Figure 1 shows the time trend of the average digital economy index of three provinces and one 
city in the Yangtze River Delta region. It can be found that the average digital economy index of 
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the other three provinces except Shanghai has steadily increased year by year. In Shanghai, the 
average digital economy index increased rapidly from 2011 to 2013. The increase in 2013 was 
the largest and reached the peak within the sample range. In 2014, Shanghai's digital economy 
average index declined, but it was still higher than the other three provinces. Since 2014, 
Shanghai's digital economy index has also shown a steady increase. 
 

 
Figure 1. Trend chart of the annual average composite index of digital economy in three 

provinces and one city in the Yangtze River Delta region from 2011 to 2019 
 
From a spatial perspective, the development of the digital economy in the Yangtze River Delta 
urban agglomeration presents an unbalanced distribution trend. From 2011 to 2019, the 
average composite indices of Shanghai, Zhejiang, Jiangsu, and Anhui are 0.276, 0.164, 0.139, 
and 0.098, indicating that Shanghai has the highest level of digital economy development, 
followed by Zhejiang and Jiangsu and Anhui the lowest. According to the image trends of 
Zhejiang and Jiangsu, the curve distance between the two provinces has decreased year by year 
since 2015 and two curves almost overlaps in 2019. This shows that the development levels of 
the digital economy in Zhejiang and Jiangsu are gradually converging, with a certain degree of 
convergence. Through the analysis of the image slope, it can be found that the average 
composite index growth rate of Shanghai is significantly higher than that of the other three 
provinces, while the growth rates of Zhejiang, Jiangsu and Anhui are relatively similar. Table 3 
shows the number of echelon cities in each province. The specific results are as follows: Jiangsu 
has 2 first-tier cities, 2 second-tier cities, 5 third-tier cities, and 4 fourth-tier cities; Zhejiang has 
1 first-tier city, 5 second-tier cities, 5 third-tier cities and no fourth-tier cities.; Anhui has 8 
third-tier cities, 8 fourth-tier cities, and no first- and second-tier cities. According to the above 
analysis, it can be inferred that there are many leading cities in the development of digital 
economy in Zhejiang with a high overall level, Anhui has many backward cities with a low 
overall level, and Jiangsu has both leading and lagging cities with big differences in 
development among different cities within the province. 

3.4. Analysis of Regional Differences in the Level of Digital Economy in the 
Yangtze River Delta Urban Agglomeration 

Drawing on the research of Zhou Xiaoliang and Wu Wulin (2018) [11], Nie Changfei and Jian 
Xinhua (2020) [12], this paper uses the Theil index to analyze the regional differences and 
sources of differences in the digital economy level in the Yangtze River Delta urban 
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agglomeration. The overall difference of the economic index is decomposed into inter-regional 
difference and intra-regional difference, and the contribution rate of these two kinds of 
differences in the overall difference is calculated. 
 

Table 7. Theil index and contribution rate of the digital economy level of the Yangtze River 
Delta urban agglomeration from 2011 to 2019 

Year Overall 
Difference 

Regional 
Differences 

Intra-regional 
Differences Jiangsu Zhejiang Anhui 

2011 0.1039 
0.0552 

(53.16%) 
0.0486 

(46.84%) 
0.0803 

(26.34%) 
0.0258 

(8.95%) 
0.0483 

(11.55%) 

2012 0.0817 
0.0422 

(51.66%) 
0.0395 

(48.34%) 
0.0626 

(25.56%) 
0.0286 

(12.19%) 
0.0322 

(10.60%) 

2013 0.0978 
0.0519 

(53.04%) 
0.0459 

(46.96%) 
0.0987 

(32.35%) 
0.0239 

(8.23%) 
0.0226 

(6.37%) 

2014 0.0875 
0.0397 

(45.35%) 
0.0478 

(54.65%) 
0.0894 

(31.81%) 
0.0435 

(17.42%) 
0.0166 

(5.42%) 

2015 0.0799 
0.0337 

(42.14%) 
0.0463 

(57.86%) 
0.0832 

(32.36%) 
0.0435 

(18.83%) 
0.0182 

(6.67%) 

2016 0.0644 
0.0273 

(42.49%) 
0.0370 

(57.51%) 
0.0700 

(36.72%) 
0.0279 

(13.96%) 
0.0150 

(6.83%) 

2017 0.0614 
0.0265 

(43.14%) 
0.0349 

(56.86%) 
0.0615 

(34.20%) 
0.0284 

(14.71%) 
0.0167 

(7.95%) 

2018 0.0601 
0.0259 

(43.20%) 
0.0341 

(56.80%) 
0.0640 

(36.03%) 
0.0251 

(13.18%) 
0.0153 

(7.59%) 

2019 0.0591 
0.0272 

(46.04%) 
0.0319 

(53.96%) 
0.0599 

(32.99%) 
0.0242 

(12.72%) 
0.0166 

(8.25%) 

Mean 0.0773 
0.0366 

(47.38%) 
0.0407 

(52.62%) 
0.0740 

(31.81%) 
0.0301 

(12.86%) 
0.0224 

(8.30%) 

Note: Since Shanghai has only one city and its internal difference is 0, the Theil index of 
Shanghai is not shown in the table. 
 
Table 7 shows the Theil index and contribution rate of the digital economy level of the Yangtze 
River Delta urban agglomeration from 2011 to 2019. During this sample period, the overall 
difference in the digital economy level of the Yangtze River Delta urban agglomeration dropped 
from 0.1039 in 2011 to 0.0591 in 2019, indicating that the overall difference in the digital 
economy level of the Yangtze River Delta urban agglomeration is shrinking. Before 2013, the 
contribution rate of regional differences exceeded 50%. Therefore, the overall differences in 
the digital economy level of the Yangtze River Delta urban agglomeration mainly came from 
regional differences. While after 2013, the contribution rate of regional differences was below 
50%, which means the overall difference are mainly caused by differences within the region. 
After further decomposing the intra-regional differences, it is found that the intra-regional 
differences in Jiangsu and Anhui generally show a downward trend, while the intra-regional 
differences in Zhejiang show a trend of first increasing and then decreasing. The mean values 
of Theil index of the digital economy level in Jiangsu, Zhejiang and Anhui are 0.0740, 0.0301 
and 0.0224 respectively, showing that the internal differences in Jiangsu are the largest, 
followed by Zhejiang, and the smallest in Anhui. At the same time, the average contribution 
rates of internal differences in Jiangsu, Zhejiang, and Anhui regions to overall differences are 
31.81%, 12.86%, and 8.30% respectively, indicating that the contribution rate of internal 
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differences in Jiangsu region to overall differences is the largest, followed by Zhejiang, and the 
smallest in Anhui. 

4. Conclusions and Policy Recommendations 

This paper takes the data of the Yangtze River Delta urban agglomeration from 2011 to 2019 
as a sample based on the number of Internet users per 100 people, the total 
telecommunications business per capita, the proportion of computer service and software 
practitioners, the number of mobile phone users per 100 people and the digital financial 
inclusion index. Then a digital economy index measurement system was constructed from 
above five dimensions, measuring the comprehensive digital economy index of 41 cities and 
conducting gradient division and comparative analysis. Secondly, from the perspective of 
provinces, the average digital economy composite index of three provinces and one city is 
calculated. Finally, paper use the Theil index is to reveal the regional differences and sources of 
differences in the development of digital economy in the Yangtze River Delta urban 
agglomeration. The main conclusions are as follows: 
First, during the period from 2011 to 2019, the digital economy of the Yangtze River Delta urban 
agglomeration generally showed an upward trend. As of 2019, the digital economy level of 41 
cities in the region generally increased by 2-3 times compared with 2011 and cities with growth 
multiples greater than 3 all belong to Anhui Province. Among them, Lu'an City has the largest 
growth rate, whose the level of digital economy in 2019 even reached 5.5 times that of 2011. 
Second, after a short period of rapid development, the digital economy of the Yangtze River 
Delta urban agglomeration has gradually stabilized, which is likely to benefit from the 
continuous improvement of standardized government policies. The slowdown in the 
development of the digital economy reflects that the digital industry has abandoned barbaric 
development and is evolving towards a mature economic development ecology. Third, each city 
in the Yangtze River Delta urban agglomeration has differences in the level of digital economy, 
which can be divided into four development echelons according to the differences. Moreover, 
the development advantages and disadvantages of each city are not the same, but the low 
proportion of computer service and software employees is a common disadvantage. Therefore, 
in the future, the Yangtze River Delta urban agglomeration should focus on the development of 
computer services and software industries so as to provide a solid technical foundation for the 
development of the digital economy. Fourth, further integrating urban differences, the research 
on the regional differences and sources of differences in three provinces and one city finds that 
the digital economy level of the Yangtze River Delta region from 2011 to 2019 was in the order 
of Shanghai, Zhejiang, Jiangsu, and Anhui, and the overall difference keeps shrinking. And 
before 2013, regional differences were the main source of overall differences. Since 2013, the 
main source of overall differences has turned into intra-regional differences. Therefore, to 
summarize the development characteristics of the three provinces and one city, it is mainly 
reflected in the following: digital economy in Shanghai has developed rapidly and is far ahead 
of the other three provinces; Zhejiang is at the top of the three provinces and the cities in 
Zhejiang Province concentrate in the second and third echelons; the digital economy 
development of cities in Jiangsu Province varies greatly, and the first, second, third and fourth 
echelons are evenly distributed; Anhui Province is the weakest provinces in aspect of the digital 
economy in the region and it has the smallest difference in urban development, where cities are 
concentrated in the third and fourth echelons. 
Based on the above conclusions, this paper puts forward the following policy recommendations. 
First, support the development of basic industries such as computers and software, and 
strengthen the supply of core technologies for the digital economy. As a more advanced 
economic stage following the agricultural economy and the industrial economy, the digital 
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economy takes digital information and knowledge as the key production factors, modern 
information networks as the main carrier, information and communication technology as an 
important support, and digital technology innovation as a continuous source of development. 
Therefore, the development in the future must adhere to technology orientation. The Yangtze 
River Delta urban agglomeration can further improve the infrastructure construction of the 
digital economy by virtue of its technological advantages, capital advantages and policy 
advantages and guide social capital and government finance to invest in 5G, big data, artificial 
intelligence and other high-tech basic fields in order to provide the basis for the development 
of industrial digitization and digital industrialization. In addition, relevant departments should 
attach importance to cultivating technical talents. For example, build more computer-related 
specialties in terms of improving the education system of universities and vocational schools 
and improve the remuneration and value recognition of technical talents in terms of increasing 
talent stickiness and innovation concentration. What’s more, Schools and technology 
companies should strengthen cooperation to strengthen technology application. It can not only 
help cultivate talents more in line with the development needs of the industry, but also 
accelerate the production and application of new technologies. 
Second, promote the integrated development of the real economy and the digital economy, and 
use digital technology to break down industry barriers. Strengthening the advantages of the 
integrated development of the real economy and the digital economy can be analyzed from two 
aspects. On the one hand, the digital economy empowers the development of entities, which 
can provide advanced basic technologies, improve the innovation level and technological level 
of traditional entity industries and promote the high-quality transformation of traditional 
entity industries. On the other hand, the digital economy can break through the development 
constraints of time and space. The integration of the two is not only conducive to solving the 
difficulty of the traditional real economy, but also beneficial to broaden the application platform 
and market of the digital economy. When breaking industry barriers and infiltrating industries, 
digital technology is helpful to information interaction, improving operational efficiency, and 
promoting the innovation of traditional business models. At the same time, it is necessary to 
continue to deepen the development of the Internet. The Yangtze River Delta urban 
agglomeration can improve the production efficiency of all factors and achieve high-quality 
economic development through realizing the interconnection of all things, breaking down 
industrial barriers and making better use of the integrated development of digital resources 
and service industries. 
Third, realize the coexistence of differentiated and coordinated development of the digital 
economy in the Yangtze River Delta urban agglomeration and give full play to the role of 
example and leadership. Due to differences in economic foundation, scientific and technological 
strength and resource endowments, there are differences between cities in the development of 
digital economy within the Yangtze River Delta urban agglomeration. Therefore, the principle 
of adapting measures to local conditions and differentiated development should also be 
followed when formulating relevant policies. As the first echelon city in the development of the 
digital economy in the Yangtze River Delta urban agglomeration, Shanghai should strengthen 
its leading role in innovation. It can take full use of its development advantages to overcome 
technical difficulties in the digital economy and gives full play to the industrial radiation effect. 
Zhejiang and Jiangsu should correctly establish their own development orientation and find a 
suitable development path to play the role of the regional development. As the final measure of 
the overall level of the digital economy of the Yangtze River Delta urban agglomeration, Anhui 
should clearly recognize the shortcomings and advantages of development. For the weak, Anhui 
can refer to the governance models of other two provinces and one city and actively seek 
technical assistance. While for the advantages, maintaining and maximizing them must benefit 
the development advantages of the digital economy in Anhui, which is also important to 
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improve the overall level of the Yangtze River Delta urban agglomeration. Besides, while 
maintaining differentiated development, the Yangtze River Delta urban agglomeration must 
also pay attention to the coordinated development. This means that not only does the region 
need to coordinate the development speed of digital economy among the three provinces and 
one city, but it needs to form a unified system for standardized development within the region 
so as to provide a benign environment for the development of the digital economy and promote 
the mature system to national application in the future. 
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