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Abstract 
The Yangtze River Delta urban agglomeration, as the only Chinese urban agglomeration 
among the globally recognized large-scale world-class urban agglomerations, has been 
receiving favorable and supportive policies from the state. In 2017, China put forward 
the concept of high-quality development for the first time. Now under the background of 
the double cycle strategy, the high-quality development of the open regional economy 
has attracted more and more attention. Therefore, this article through to the historical 
development of Yangtze river delta urban agglomeration, productive elements 
conditions, comparative advantages and restricting factors, analysis of the current 
situation of collecting within the scope of the Yangtze river delta and a municipality 
directly under the central government, all aspects of the 22 cities 2019 data, using SPSS 
software, using factor analysis method to the Yangtze river delta city economic 
development to evaluate the effect of high quality, And put forward countermeasures 
and suggestions for the future high-quality development of open economy. 
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Yangtze River Delta Urban Agglomeration; Factor Analysis; High-quality Development; 
Open Economy. 

1. Introduction 

At present, the world is in the post-COVID-19 era under the impact of the COVID-19 pandemic. 
Geopolitical tensions are rising, the global economic situation is facing great uncertainties, and 
the new open pattern of "major domestic cycles and double domestic and international cycles 
reinforcing each other" is facing great challenges. Urban agglomerations and central cities can 
not only give full play to their individual advantages, but also make use of the network economy, 
division of labor economy and coordination economy within the entire urban agglomerations 
to jointly cope with the global economic crisis, and their position in the high-quality 
development of China's economy has gradually become prominent. Urban agglomeration areas 
can even become the current leader in the high-quality development of Chinese enterprises. 
The Yangtze River Delta city cluster is the only Chinese city cluster that is recognized globally 
as a large world-class city cluster, contributing about 25% of the country's GDP and the largest 
economy among the seven urban clusters in China. In recent years, it has also been receiving 
good news and support from national policies. In 2016, the National Development and Reform 
Commission issued the Development Plan for Yangtze River Delta Urban Agglomeration, 
positioning the strategic goal of Yangtze River Delta urban agglomeration as the research center 
of resource management and allocation with the most vitality of China's economic market and 
the technological innovation highland with global influence[1].In 2020, the Central Committee 
of the COMMUNIST Party of China (CPC) and The State Council issued the Outline of the Yangtze 
River Delta Regional Integration Development Plan, which clearly defined the Yangtze River 
Delta as one of the most dynamic, open and innovative regions in China, playing a pivotal 
strategic role in The overall situation of China's modernization drive and all-round opening-
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up[2].The work program envisages a better social future for the Yangtze River Delta city cluster, 
with its planning development leading to 2035. 
The 19th National Congress of the Communist Party of China (CPC) put forward the concept of 
"high-quality development" for the first time. "Establishing and improving the economic system 
of green, low-carbon and circular development" is an important direction of China's 
transformation from high-speed growth to high-quality development[3].Both General 
Secretary Xi Jinping and Premier Li Keqiang stressed the importance of high-quality 
development in the 2021 NPC and CPPCC sessions and the Government work report of The 
State Council. Therefore, it is of great theoretical and practical significance to discuss and study 
the high-quality development of open economy in the Yangtze River Delta urban agglomeration. 

2. Analysis on the Current Situation of Open Economy Development in 
Yangtze River Delta City Group 

2.1. Historical Tracing 
With a long history of culture, developed water system and fertile land, the Yangtze River Delta 
enjoys a dominant position in agriculture and handicraft industry in China, and formed a 
considerable urban agglomeration form in the middle and late feudal society[4]. 
From Ming Dynasty to Qing Dynasty, the Yangtze River Delta region has begun to appear nine 
large commercial and handicraft development city textile industry and related trade 
information center[5].After the Opium War, the commodity economy under the conditions of 
reform and opening to the outside world had a preliminary great development. A new modern 
industrial and commercial city group in the Yangtze River Delta region also took shape and 
developed initially. Shanghai even became the central city of trade, industry and finance of the 
whole China at that time. At the same time, Wuxi, Nantong and Ningbo also rely on their 
superior geographical location to trade with foreign countries and develop their cities with 
ports, becoming important cities of influence at the next level. 
After surviving the difficult era of the planned economy system with the convergence of urban 
functions, the economic center, tertiary industry relations and urban functions of the Urban 
agglomeration in the Yangtze River Delta have been differentiated and reorganized, with 
internal introduction and external connection, so as to rebuild the bridge of exchange and 
development with overseas and gradually integrate into the world economic trend. The 
cooperation network of open cities in the Yangtze River Delta experienced a process of 
"development-stage-re-development"[6]. 

2.2. Development Conditions 
According to the nature of production factors, the factors of production in regional economic 
development can be divided into immobile factors, mobile factors and basic factors[7]. 
2.2.1. Immobile Elements -- Natural Resources and Environment 
The Yangtze River Delta is located in the eastern monsoon region south of qinling and Huaihe 
rivers, the temperature increase rate of is consistent with that of other regions. It is a flood plain 
before the Yangtze River enters the sea, facing the Yellow Sea and the East China Sea in the east, 
with dense water network and abundant water resources. Mineral resources are mainly 
distributed in Anhui, Jiangsu and Zhejiang provinces, among which Jiangsu and Anhui are rich 
in mineral resources, including coal, oil, natural gas and other energy minerals, a large number 
of non-metallic minerals, as well as a certain number of metal minerals[8].The mineral 
resources of zhejiang province are mainly non-metallic minerals, which are mainly used in the 
production of construction materials in China. Shanghai's mineral resources are relatively poor, 
but the secondary energy production quality is high. Taihu Plain is the main body of the Yangtze 
River delta, with various land use types and rich land resources. 
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2.2.2. Mobile Elements -- Capital, Manpower and Technology 
The GDP of the Yangtze River Delta urban agglomeration has long been ranked among the top 
three in the world, surpassing Japan's Pacific coastal urban agglomeration. There are more than 
3,000 A-share listed companies in China, among which there are more than 1,000 in the Yangtze 
River Delta region, accounting for about 1/3 of the total, far ahead of the Pearl River Delta 
region and the Beijing-Tianjin-Hebei region with strong capital strength[9]. 
The Yangtze River Delta urban agglomeration has always been a "strong magnetic field" to 
absorb labor, with a total labor force of 164 million at the end of 2020, accounting for 16.7% of 
the country, far higher than the 8.13% of The Beijing-Tianjin-Hebei region and 5.18% of the 
Pearl River Delta region. At the same time, it has two comprehensive national science centers 
in Shanghai and Hefei, and about 1/4 of the "double first-class" universities in China. It has 
many carriers and platforms for scientific and technological innovation. 
2.2.3. Basic Elements -- Urbanization Level, Transportation and Public Services 
An economic zone can be identified based on information such as light index methods and 
logistics.1998 older parts of triangle night lighting is given priority to with dot distribution, 
urban agglomeration economy development history has just beginning, with the passage of 
time, the society of hefei - nanjing - suzhou - Shanghai - hangzhou - ningbo enterprises to build 
the outline of "zigzag" increasingly clear, Yangtze river delta cities generally by dot series into 
a face, a formed between urban agglomeration economies of scale. 
By the end of 2020, the railway mileage in the Yangtze River Delta region had exceeded 13,000 
kilometers, accounting for nearly 9.0 percent of China's total. 
Of these, the length of high-speed railways is over 6,000 km, accounting for 16% of China's total, 
and the density of railway network and high-speed railway network is 2.4 times and 4.3 times 
that of China respectively. The List of Public Service Projects jointly built and Shared in the 
Yangtze River Delta Eco-Green Integrated Development Demonstration Zone, published in 
2021, covers eight areas, highlighting the principle of jointly built and shared, and fully 
reflecting the principle and path of high-quality development. 

2.3. Comparative Advantages of Each City's Development 
Under the background of competition and cooperation of industrial pattern, the cities in the 
Yangtze River Delta will form their own industrial system with their own characteristics and 
will enter into a differentiated confrontation in the future.This paper takes five major cities as 
examples to analyze their comparative advantages, as shown in Table 1. 
 

Table 1. Industrial comparative advantage of each city 
city Industrial comparative advantage 

Shanghai 
Finance, wholesale and retail, electronics, automobile manufacturing, complete equipment 
manufacturing 

Suzhou Electronic, electrical, steel, general equipment, chemical, textile, e-commerce 

Hangzhou Information, transmission software and information technology services, e-commerce, 
cultural and creative industries, tourism, finance 

Nanjing Finance, cultural industry, tourism, information technology, smart grid, energy conservation 
and environmental protection, high-end equipment manufacturing, new energy 

Hefei 
Automobile and spare parts, equipment manufacturing, household appliances, food and 
agricultural and sideline products processing, flat panel display and electronic information, 
photovoltaic 

 
Shanghai: At present, automobile manufacturing, steel and other processing and manufacturing 
industries still occupy a certain proportion in Shanghai's industrial structure. In the future, 



Volume 3 Issue 5, 2022 

DOI: 10.6981/FEM.202205_3(5).0087 

652 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Shanghai will continue to focus on the economic, financial and scientific and technological 
innovation functions of the headquarters, while non-core functions will be distributed 
outwards. 
Suzhou: Take advantage of its proximity to Shanghai to deepen its ties with the city. Suzhou has 
created a nationally famous south Jiangsu development model and is good at using national 
policies to attract foreign investment. 90 fortune 500 companies have invested in Suzhou. The 
manufacturing industry has a solid foundation, complete categories and numerous enterprises, 
which are the economic advantages of Suzhou. At present, suzhou's breakthrough lies in 
transforming traditional industries with the help of innovation and upgrading the industrial 
value chain. 
Hangzhou: Relying on Alibaba, "five water co-governance" and "three reform and one 
demolition", Hangzhou's tertiary industry has developed vigorously and its growth rate is 
faster than that of the first line. The integration of science and technology, finance, tourism and 
culture, and the development of education, can eventually drive China's urban innovation; With 
the help of information technology innovation, social life and learning methods have been 
innovated, and young talents have continued to flow in. 
Nanjing: An old industrial base, with its advantages in information technology, smart grid and 
high-end equipment manufacturing, and more importantly its prominent political status, which 
means it enjoys better political and economic resources, the city has good prospects. In addition, 
Nanjing has rich university education resources and strong scientific research strength. 
Hefei : is an industrial city. Its economy and investment enterprises have maintained rapid 
development and growth in recent years. Home appliances and equipment manufacturing are 
its traditional strengths, with washing machines and refrigerators accounting for 20 percent 
and 30 percent of national output, respectively. Flat panel display and electronic information 
have developed rapidly from scratch and become pillar industries in Hefei. 

2.4. Analysis of Existing Problems and Causes in the Development of the 
Yangtze River Delta 

2.4.1. Industrial Development 
From the perspective of industrial structure, the industrial structure of "The Second and the 
third" is still present in the urban agglomeration of the Yangtze River Delta as a whole. Except 
for a few cities like Shanghai, most areas are still dominated by manufacturing industry, and 
the development level is relatively backward. From the perspective of specific industry 
categories, the urban leading industries of the Yangtze River Delta urban agglomeration are 
mainly concentrated in low-end manufacturing industry, with high restructuring, lack of 
necessary regional coordination, and few urban industries located in the high-value sector. 
2.4.2. Urban System 
The development orientation and division of labor of cities in the Yangtze River Delta urban 
agglomeration are not reasonable enough, and the development pattern of benign interaction 
between cities is not formed, the development pattern, and even local "championship" blind 
pursuit of GDP figures vicious competition. It has not yet formed a reasonable and benign 
pyramidal distribution of "one world-class core city, several regional central cities, a certain 
number of general cities, and a large number of small towns" from high city level to low city 
level and from less city number to more[10]. 
2.4.3. Spatial Structure 
The development and spatial structure evolution of urban agglomeration in the Yangtze River 
Delta have been promoted and assisted by the shanghai-Nanjing and Shanghai-Hangzhou 
expressways and the Yangtze River waterway. However, with the deepening of the integration 
of the Yangtze River Delta and the expansion of the radiation range, the demand for 
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transportation is growing rapidly, and the supporting and connecting infrastructure is 
relatively lagging behind, which is difficult to meet the needs of rapid development. 
2.4.4. Cooperation Mechanism 
After years of historical development, the Yangtze River Delta urban agglomeration has formed 
a three-level operation and coordination mechanism, which has basically eliminated the market 
competition barriers of information disclosure and regulation[11]However, there are still some 
invisible market environment barriers brought by administrative segmentation, which have a 
certain impact, restrict the flow of factor resources and hinder the formation of a unified and 
open financial market. 
2.4.5. Ecological Construction 
At present, the ecological environment problems of urban agglomeration in Yangtze River Delta 
are pan-regionalized, and the core area lacks of ecological buffer space. 
The main problem is the regionalization of atmospheric problems, with regional PM2.5 
exceeding the standard and showing an increasing trend: acid rain in the hardest hit areas of 
East China, pH<4.7, acid rain frequency more than 70%, and lack of ecological safety and 
environmental bearing buffer areas[12]. 
2.4.6. Core Cities 
As the core city of Yangtze River Delta, Shanghai is one of the most economically developed 
cities in China, but there is still a big gap between Shanghai and New York, London, Tokyo and 
other world cities in terms of economic aggregate and service scale. If the scale and function of 
core cities are not prominent enough, their radiating and driving role will be affected, and it 
will be difficult to effectively promote factor agglomeration, economic growth, scientific and 
technological innovation and international development of urban agglomeration. 

3. Evaluation of High Quality Economic Development Effect of Cities in the 
Yangtze River Delta 

3.1. Data Source and Index Construction 
In order to measure the Yangtze river delta urban agglomerations in 2017 after the open 
economy development present situation of the comprehensive quality, this article selects the 
data of 2019, within the scope of the Yangtze river delta a municipality directly under the 
central government, 26 administrative effect were analyzed, and the high quality and economic 
development to formulate economic (GDP), per capita GDP, GDP structure deviation, 
Environmental water resources, in the amount of SO2 emissions, industrial solid waste 
disposal/ten thousand tons, industrial electricity consumption, social aspects of the engel's 
coefficient, unemployment, health institutions beds number/a/sheet, community service 
center, technical aspects of per capita education fixed number of year (year/people), a share of 
GDP, technology R&D funds market turnover as a share of GDP, There are 15 indicators for the 
ratio of foreign investment in opening-up to GDP. 
However, due to the lack of too much municipal data of the statistical yearbooks and some 
indicators of the statistics bureau, a new indicator system was constructed after modification 
based on the data search (see Table 2). The basis and meaning of indicators are as follows: 
(1) Economic indicators:  
GDP (regional gross Product) is an economic indicator measured by the total amount, which 
can directly reflect the development scale and trend of regional economic subjects. Per capita 
GDP is obtained by comparing GDP with resident population in a region, which is an important 
standard to measure people's economic living standard in a region. 
(2) Environmental indicators:  
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The Yangtze River Delta is a flood plain before the Yangtze River enters the sea, with abundant 
water resources. The water resources and Industrial layout is closely related, and the 
development of industry will affect the water resources environment, air environment and so 
on. According to the National Bureau of Statistics, statistical yearbook, from a more 
comprehensive and scientific perspective, selected total water resources, industrial sulfur 
dioxide emissions, industrial waste water emissions, urban sewage emissions, urban green 
coverage area as a measure of environmental development indicators. 
(3) Social indicators:  
The average number of employed staff and workers is the main indicator reflecting the 
employment and unemployment situation. The number of beds in health institutions, the length 
of urban roads, the area of urban parks and the volume of urban household garbage are the 
important contents of health care, infrastructure and greening services in the social security 
system respectively. 
(4) Innovation index:  
The number of patent applications accepted is the sum of three types of patent applications, 
which can reflect the technology of a region. Is there an active developmental activity? The 
examination of invention patent is especially strict, which must go through substantive 
examination, and can reflect the technical innovation level of talents in a region. 
(5) Openness index: 
Foreign direct investment and the number of foreign direct investment contract projects are 
both absolute values that can show the degree of openness or closure of a region and indicators 
that can measure the development of open economy. 
Among them, yancheng, Anqing, Xuancheng and Chuzhou are still missing corresponding data 
of indicators, so these four cities are deleted from the research object.The data all come from 
the latest statistical yearbook of Shanghai, Jiangsu, Zhejiang, Anhui and the prefecture-level 
cities in 2020.(Note: The 2020 yearbook is for 2019). 
 

Table 2. Evaluation index system of high quality economic development effect of cities in 
Yangtze River Delta 

Level indicators The secondary indicators Indicator 
label 

Economic indicators 
GDP (Regional GDP) / 100 million yuan D1 

Per capita GDP/yuan D2 

Environmental 
indicators 

Total water resources/billion cubic meters D3 
Industrial sulfur dioxide emissions/ton D4 

Industrial wastewater discharge/ten thousand tons D5 
Urban sewage discharge / 100 million cubic meters D6 

Urban green coverage area/ha D7 

Social indicators 

Municipal solid waste volume/ten thousand tons D8 
Average number of employed workers/ten thousand D9 

Number of beds per bed in health institutions D10 
Urban road Length/km D11 

Urban park area/ha D12 

Innovation indicators 
Number of patent applications accepted / D13 

Number of invention patents granted/items D14 

Open indicators 
Foreign direct investment (municipal district)/ us $10,000 D15 
Number of foreign direct investment contract projects per 

unit 
D16 
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3.2. Evaluation of the Effect of High-quality Economic Development of Cities in 
the Yangtze River Delta 

In this paper, by collecting all aspects of data of one municipality and 22 prefecture-level cities 
in the Yangtze River Delta in 2019, SPSS software was used to evaluate the effect of high-quality 
economic development of cities in the Yangtze River Delta by factor analysis.The original data 
of each city are shown in Table 3. 
 

Table 3. Original data of Yangtze River Delta urban agglomeration 

city D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

Shanghai 38155.32 157279 48.3 7646 34138 22.3578 163906 750.6 596 154637 

nanjing 14030.15 165682 8.75 9969 13021 10.4013 101327 325.63 182 59046 

wuxi 11852.32 180044 21.1277 28198 19840 3.9169 20328 176.15 112 50478 

changzhou 7400.86 156390 14.3 19656 11807 2.9591 13127 110.4 60 28322 

suzhou 19235.80 179174 38.1 50393 36586 7.1985 27778 296.12 286 71657 

nantong 9383.39 128294 30.7294 6224 13653 2.4345 12298 43.3 152 46375 

yangzhou 5850.08 128856 5.811 9714 7066 1.6447 10251 69.8 81 24994 

zhenjiang 4127.32 128981 6.7 6058 5052 1.2962 9273 51.45 33 15844 

taizhou 5133.36 110731 6.2 7750 4638 0.9205 10555 51.17 78 29885 

hangzhou 15373.05 152465 188.1152 8177 20346 8.0447 51607 382.84 266 85708 

ningbo 11985.12 143157 122.2238 13458 15623 5.8453 17238 161.21 134 43373 

shaoxing 5780.74 114561 92.9261 7262 26852 3.6642 12853 88.73 99 28581 

huzhou 3122.43 102593 51.9697 15298 7786 0.9158 6206 60.27 42 18276 

jiaxing 5370.32 112751 33.2078 11988 18871 1.1562 7072 51.9 71 28573 

jinhua 4559.91 81224 141.0525 8489 7320 1.0125 4526 60.9 65 34340 

zhoushan 1371.60 116781 15.036 1384 1448 0.472 16266 34.59 17 6281 

taizhou 5134.05 83555 149.6677 6034 5105 1.7671 6708 80.66 83 31017 

hefei 6416 115623 21.52 8762.66 5577.63 5.5784 23382 182.24 144 59050 

bengbu 1074 60469 10.64 2706.94 1608.98 1.3164 7302 36.96 22 22560 

wuhu 2246 96154 24.18 11929 3607 1.6867 8198 59.72 44 21700 

Ma on shan 1217 89867 10.46 14968 9182 1.009 6518 29.61 25 10326 

tongling 802 58726 13.94 8320.9 3126.42 0.942 7370 21.72 18 9351 

chizhou 451 56217 53.45 8236.64 527.76 0.3483 2156 11.92 10 7862 
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Connect the original data of the Yangtze River Delta urban agglomeration 
city D11 D12 D13 D14 D15 D16 

Shanghai 5494 2975 173586 22735 1904791 6800 
nanjing 279.7 7493 103024 12392 410058 744 

wuxi 3929.98 4054 67133 4298 230955 415 

changzhou 2653.7 1367 47849 2581 232788 384 

suzhou 7394.57 2132 163147 8339 253294 994 

nantong 2903.32 738 36713 2264 111422 267 
yangzhou 1723.2 1890 33786 1345 100675 155 

zhenjiang 1524.55 627 23890 2283 33312 119 

taizhou 1390.7 888 25215 1009 83390 126 

hangzhou 707.9 3208 113562 11748 582208 735 
ningbo 2028.15 2267 70304 5075 185486 737 

shaoxing 1509.89 3044 36072 3293 57522 287 

huzhou 906.11 939 23359 1256 85924 295 

jiaxing 1250.97 1148 39248 2313 136114 339 
jinhua 978.26 452 43254 1895 2830 973 

zhoushan 761.41 845 3418 580 37696 78 

taizhou 2467.49 1241 35089 3071 27921 78 

hefei 591.7 2537 61205 5981 259200 123 
bengbu 1719 1618 7193 537 101103 6 

wuhu 1545.6 1221 17455 2555 178056 22 
Ma on shan 553.15 358 10610 1197 193133 45 

tongling 378.87 1265 3213 301 34972 7 
chizhou 710.1 743.5 2971 70 22973 10 

3.2.1. Factor Analysis Process 
In the process of factor analysis, SPSS will automatically standardize the data before carrying 
out the next operation, and the data before and after standardization will not affect the final 
results. Therefore, this paper will directly use the original data to carry out the relevant 
operations of factor analysis. 
(1) Correlation test: 
The premise of factor analysis is that each variable has correlation, so this paper adopts KMO 
test and Bartlett spherical test to verify the correlation of each variable. According to the results 
in Table 4, the value of KMO test is 0.75, greater than 0.5.The p-value of Bartlett's spherical test 
is 0, which rejects the null hypothesis of uncorrelation between variables. Therefore, it can be 
seen that there is a correlation between variables, which is suitable for factor analysis. 
 

Table 4. KMO and Bartlett tests 

KMO and Bartlett's test 

Sample sufficient degree of Kaiser-Meyer-Olkin metric. 750. 

Bartlett's sphericity test 

The approximate chi-square 664.618 

df 120 

Sig. 000. 
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(2) Extraction and interpretation of common factors: 
Based on the construction results of the above index system, this paper selected the common 
factors whose default eigenvalue was greater than 1 and extracted four principal component 
factors.As shown in Table 5, the characteristic roots of the first four principal component 
factors are greater than 1, and the cumulative variance contribution rate reaches 94.659%, 
which can explain most information of the initial variables of the index system. Therefore, 
principal component factors 1, 2, 3 and 4 can be extracted. 
 

Table 5. Total variance interpretation 
Total variance of interpretation 

ingredien
ts 

Initial eigenvalue Extract the sum of squares 
and load 

Rotate squares and load 

A 
combin

ed 

% of 
the 

varian
ce 

Cumulative 
% 

A 
combin

ed 

% of 
the 

varian
ce 

Cumulative 
% 

A 
combin

ed 

% of 
the 

varian
ce 

Cumulative 
% 

1 10.953 68.454 68.454 10.953 68.454 68.454 8.746 54.661 54.661 
2 2.006 12.535 80.989 2.006 12.535 80.989 3.261 20.381 75.042 
3 1.135 7.094 88.083 1.135 7.094 88.083 1.960 12.252 87.294 
4 1.052 6.576 94.659 1.052 6.576 94.659 1.178 7.365 94.659 
5 274. 1.713 96.372       
6 200. 1.248 97.621       
7 161. 1.007 98.628       
8 100. 623. 99.252       
9 047. 291. 99.542       
10 032. 199. 99.742       
11 015. 093. 99.835       
12 012. 073. 99.908       
13 007. 041. 99.950       
14 004. 027. 99.977       
15 002. 014. 99.990       
16 002. 010. 100.000       
Extraction method: principal component analysis. 

 
In order to increase the explanatory power of the common factor, the factor is rotated to make 
it more extreme. By observing the rotated component matrix table in Table 6, we can see the 
characteristics of each component. Component 1 summarizes the most indicators, including 
GDP, urban sewage discharge, urban green coverage area, urban household garbage collection 
volume, average number of working staff, number of beds in health institutions, number of 
patent applications accepted, number of invention patents granted, foreign direct investment, 
number of foreign direct investment contract projects, It reflects the overall level of urban 
development under the open economy in the period of high-quality development, which is 
embodied in the investment in exchange and opening, technological innovation and social 
security, and can be summarized as the comprehensive factor of high-quality development. 
Component 2 includes per capita GDP, industrial sulfur dioxide emissions, industrial 
wastewater emissions, and urban road length, reflecting the pollution situation of industrial 
development and infrastructure construction, which can be summarized as environmental and 
facility factors. Component 3 summarizes per capita GDP, urban park area, the number of patent 
applications accepted, and the number of invention patents granted, which can be summarized 
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as technological innovation factor. Component 4 summarizes the total amount of water 
resources and industrial wastewater discharge, while the total amount of water resources is 
closely related to residents' life and industrial development. The amount of industrial 
wastewater discharge can reflect whether the industrial structure is optimized and upgraded, 
which can be summarized as the industrial structure factor. 
 

Table 6. Component matrix after rotation 

Rotating component matrixa 

 ingredients 

1 2 3 4 

GDP (Regional GDP) / 100 million yuan 873. 409. 216. 098. 

Per capita GDP/yuan 331. 621. 568. - 042. 

Total water resources (billion m3) 101. - 032. - 011. 989. 

Industrial sulfur dioxide Emissions (ton) - 093. 932. 115. - 064. 

Industrial wastewater discharge (ten thousand tons) 526. 692. 211. 214. 

Municipal Sewage Discharge (100 million m3) 925. 183. 308. 051. 

Urban Green Coverage area (ha) 916. 007. 366. - 067. 

Volume of Municipal Solid waste clearance (ten thousand tons) 904. 238. 307. 122. 

Average number of Employed workers (ten thousand) 908. 332. 155. 141. 

Number of beds in health institutions (sheets) 887. 294. 223. 182. 

Length of Urban Road (km) 424. 840. - 150. - 060. 

Urban Park Area (ha) 308. 064. 916. - 001. 

Number of patent applications accepted (item) 701. 553. 355. 204. 

Number of Invention patents granted (items) 893. 182. 368. 135. 

Foreign Direct Investment (Municipal district)(US $10,000) 978. 084. 076. - 032. 

Number of Foreign Direct Investment Contract Projects (units) 967. 128. - 084. 002. 

Extraction method: main ingredient. 

 Rotation method: Orthogonal rotation method with Kaiser standardization. 

A. Rotation converges after 5 iterations. 

 
(3) Calculation of comprehensive score: 
As can be seen from Table 5, the variance percentage of factor 1 is 54.661%, that of factor 2 is 
20.381%, that of factor 3 is 12.252%, and that of factor 4 is 7.365%. The composite score is 
calculated by weighting the common factors F1, F2, F3 and F4. 
The factor weight of F1 =54.661/ (54.661+20.381+12.252+7.365) =0.577. 
The factor weight of F2 =20.381/ (54.661+20.381+12.252+7.365) =0.215. 
The factor weight of F3 =12.252/ (54.661+20.381+12.252+7.365) =0.129. 
The factor weight of F4 =7.365/ (54.661+20.381+12.252+7.365) =0.078. 
The principal factor score is directly output by SPSS software, which is obtained by multiplying 
and summation the component score coefficient matrix and the values of all observed data. 
Table 7 shows the scores of each major factor. 
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Table 7. Main factor score 
city F1 F2 F3 F4 

Shanghai 3.57208 1.71078 1.02325 1.87371 
nanjing 1.04488 0.71115 3.48474 1.07463 

wuxi 0.45261 1.69513 1.12922 0.18126 
changzhou 0.07907 0.91795 0.3257 0.5501 

suzhou 1.36983 3.45514 0.74858 0.25564 
nantong 0.12801 0.23954 0.45863 0.51884 

yangzhou 0.35458 0.17753 0.60009 0.4788 
zhenjiang 0.53964 0.01968 0.25928 0.70054 

taizhou 0.49753 0.11577 0.13626 0.74616 
hangzhou 1.06421 0.74512 0.51982 2.68839 

ningbo 0.27196 0.22261 0.4674 1.30785 
shaoxing 0.07766 0.1078 0.04008 1.25091 
huzhou 0.54172 0.0901 0.26923 0.03643 
jiaxing 0.30648 0.28632 0.17685 0.12469 
jinhua 0.44594 0.49602 1.60312 1.03432 

zhoushan 0.75785 0.5294 0.39943 0.57767 
taizhou 0.38788 0.38857 1.40225 1.23274 

hefei 0.05863 0.52601 0.78615 0.03904 
bengbu 0.73633 0.66705 0.06488 0.78496 
wuhu 0.53484 0.10998 0.05602 0.52835 

Ma on shan 0.68071 0.00474 0.10874 0.78789 
tongling 0.85044 0.57829 0.10016 0.6097 
chizhou 0.91552 0.59902 0.52398 0.23566 

 
Table 8. Overall score 

city F1* F2* F3* F4* Composite scores 
Shanghai 2.06 0.37 0.13 0.15 1.68 
nanjing 0.6 0.15 0.45 0.08 0.08 

wuxi 0.26 0.36 0.15 0.01 0.49 
changzhou 0.05 0.2 0.04 0.04 0.07 

suzhou 0.79 0.74 0.1 0.02 1.61 
nantong 0.07 0.05 0.06 0.04 0 

yangzhou 0.2 0.04 0.08 0.04 0.28 
zhenjiang 0.31 0 0.03 0.05 0.4 

taizhou 0.29 0.02 0.02 0.06 0.39 
hangzhou 0.61 0.16 0.07 0.21 0.73 

ningbo 0.16 0.05 0.06 0.1 0.37 
shaoxing 0.04 0.02 0.01 0.1 0.08 
huzhou 0.31 0.02 0.03 0 0.26 
jiaxing 0.18 0.06 0.02 0.01 0.1 
jinhua 0.26 0.11 0.21 0.08 0.08 

zhoushan 0.44 0.11 0.05 0.05 0.65 
taizhou 0.22 0.08 0.18 0.1 0.03 

hefei 0.03 0.11 0.1 0 0.18 
bengbu 0.42 0.14 0.01 0.06 0.64 
wuhu 0.31 0.02 0.01 0.04 0.38 

Ma on shan 0.39 0 0.01 0.06 0.44 
tongling 0.49 0.12 0.01 0.05 0.68 
chizhou 0.53 0.13 0.07 0.02 0.61 
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Then the comprehensive score was calculated and the results were derived by SPSS, as shown 
in Table 8. The specific calculation method is as follows: 
F1*= F1* F1 factor weight. 
F2*= F2* F2 factor weight. 
F3*= F3* F3 factor weight. 
F4*= F4* weight of F4 factor. 
The overall score is: F1*+ F2*+ F3*+ F4*. 
(4) Conclusions: 
As can be seen from the comprehensive score in Table 8, Shanghai, Suzhou, Hangzhou, Wuxi 
and Ningbo have the highest scores in the comprehensive status of high-quality development 
of open economy in the Yangtze River Delta urban agglomeration. The bottom five with the 
lowest score are Tongling, Zhoushan, Bengbu, Chizhou and Ma 'anshan. 
As the only municipality directly under the Central Government in the Yangtze River Delta 
urban agglomeration, Shanghai's score of high quality development comprehensive factor (F1) 
is far higher than that of other prefecture-level cities in the Yangtze River Delta, and its 
comprehensive score also ranks first, indicating that the high quality development level of the 
municipality is higher than that of other cities. 
In the Yangtze river the three big province, hangzhou as the capital city of zhejiang province, 
and high quality development comprehensive factor scores (F1), technological innovation 
factor (F3), industrial structure factor (F4) scored at the top, become the core city of Yangtze 
river delta urban agglomeration in high quality development, one of the radiation has a certain 
drive;However, the score of environment and facilities factor (F2) is low, and the pollution of 
light and heavy industries cannot be ignored.As the capital city of Jiangsu Province, Nanjing's 
comprehensive score is in the middle and lower reaches, while suzhou, a first-tier city that is 
not a capital city, is in the forefront of all scores.Nanjing should further enhance its priority in 
the high-quality development of Jiangsu, and Suzhou should continue to lead the integrated 
development of Jiangsu, Wuxi and Changzhou in the "Southern Jiangsu model".Anhui province 
provincial capital, or ordinary, scored in the middle and lower reaches area, and with the 
director of the triangle of jiangsu regional development also has a certain gap, should play its 
comparative advantage, such as the wuhan city circle from the eastern city of hubei province, 
are direct and anhui border, and it further enlargement, for some cities in anhui province, is 
also the opportunity of development, Anqing, like Wuhan, is an important port in the Yangtze 
River basin and will take over the trade between Wuhan and the Yangtze River Delta in the 
future. 
Separated from four principal component factor score, the second, three, four principal 
component relative to the first principal component, the score of each city less volatile, but the 
four principal component scores of negative occupy a large proportion, in general, Yangtze river 
delta urban agglomeration and municipal technology innovation, the development of the 
industrial structure, environment and facilities still need to improve coordination, To form a 
situation of mutual benefit and driven by cooperation, and strive for an innovative, coordinated, 
green, open and shared high-quality economic system. 
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4. Countermeasures and Suggestions for the High-quality Development of 
Open Economy in the Yangtze River Delta Urban Agglomeration 

4.1. We Will Promote Coordinated Development of Regional Space, Population, 
and Industries 

Adhere to high standards of quality development, people-oriented, deal with the good 
relationship with industry, and the city, actively improve the new development area livable 
appropriate industry function, promote the traditional urban renewal and functional changes, 
promote flow, logistics, information flow and cash flow to fully mix, improve the industrial 
spatial layout, optimize the structure of regional function, promote regional space, population, 
industrial coordination linkage. 

4.2. Strengthen Top-level Institutional Coordination 
We will establish an innovation coordination organization and coordination mechanism in an 
all-round way, clarify organizational responsibilities, coordinate cross-regional cooperation 
between industries, universities and research institutes on scientific and technological 
innovation, further strengthen the top-level design of innovation governance, and establish and 
improve the coordination and linkage mechanism of macro-decision-making departments on 
scientific and technological innovation at all levels in the Yangtze River Delta region. In terms 
of establishing and perfecting safeguard mechanism, the Yangtze river delta urban 
agglomerations need to uphold the "rail joint, mutual contact feature space fusion" concept, 
based on land space, with science and technology innovation as the axis, with economic and 
social development as the goal, the fusion of the three, to transfer power to the economic and 
social development to the attention of the scientific and technological innovation, make the 
realization of the function of scientific and technological innovation embodied in the space 
layout. 

4.3. Cultivating and Developing Related Science and Technology Intermediary 
Services 

In the process of constructing the innovation network of major scientific research 
infrastructure, the Yangtze River Delta urban agglomeration should pay attention to the 
cultivation and development of science and technology intermediary service industry. 
Especially in the current situation that the operation and management team of major scientific 
research infrastructure is not mature enough, it is more necessary to cultivate and develop a 
batch of science and technology intermediary service organizations to provide technological 
innovation support services for enterprise R&D, and reduce the operating risks and costs of 
enterprises. 

4.4. Accelerating the Cultivation of Diversified Capital Market Forces, Mainly 
Major Innovation Funds and Venture Capital Funds 

Government management can lead the establishment of entrepreneurship education 
investment funds, and then set up science and technology innovation investment guidance 
funds to support specific research objects. In terms of credit guarantee and government funds, 
the government can provide support for s&T innovation investment, reform fiscal and tax 
policies for s&T innovation, guarantee the returns of innovation venture investment, and 
promote the healthy, efficient and continuous service of innovation capital market force for S&T 
innovation center. 
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4.5. Attracting World-class R&D Institutions and R&D Centers of Large 
Multinational Corporations to Shanghai 

On the one hand, Shanghai can designate an international university park, establish an 
international university city, attract internationally renowned universities to run schools in 
Shanghai, and train scientific and technological innovation talents with an international vision. 
Another important aspect, Shanghai should improve China's various boosting economic 
policies, support enterprises in the Yangtze River Delta and multinational companies can set up 
joint venture RESEARCH and development management institutions to develop exchanges and 
cooperation in research and development, and promote the cooperation and interaction 
between Shanghai universities and research institutes and product research and development 
institutions of multinational companies. 

4.6. To Create a Multi-core Decentralized Spatial Layout Dominated by the 
Dominant Industries of Each City 

Shanghai should focus on science and technology finance, biological industry, high and new 
technology and research and development of new products, Suzhou, Wuxi and Ningbo should 
focus on textile and photovoltaic industries, hangzhou and Nanjing should focus on electronic 
industry and network economy. All cities should work together. Market of the Yangtze river 
delta economic group shall establish a regional development of science and technology 
enterprise innovation education technology trading information center, formed with Shanghai 
as the center, with other countries and regions outside of Yangtze river delta as the peripheral 
macro architecture, integration of region culture characteristic industrial clusters as starting 
point, break through the administrative division limit, "administrative region economy" to 
"urban economic belt", Avoid waste of resources that result in poor performance competition. 
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