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Abstract 
Objective : To explore the key factors affecting the healthy development of bio-
pharmaceutical industry clusters in Jiangsu Province under the new situation, and to 
provide a theoretical path for the formation of advanced bio-pharmaceutical industry 
clusters with high innovation, strong competitiveness and reasonable layout. Methods : 
The index system of influencing factors was determined, and the comprehensive 
evaluation index system of industrial cluster competitiveness was constructed. The 
weights of three first-level indexes ( including nine second-level i ndexes and 37 third-
level indexes ), such as innovation competitiveness, industrial competitiveness and 
environmental competitiveness, were analyzed. Results : The innovation index is 
particularly important, and the weight of high-tech talents in the secondary index is the 
highest. The weights of industrial factors and environmental factors are basically equal. 
Industrial scale and cluster aggregation have great influence on industrial 
competitiveness. Environmental competitiveness depends on the government to play 
the role of pro-business services. Conclusion : taking innovation as the core, giving full 
play to the overall advantages of the cluster and achieving regional innovation and 
development; optimize talent introduction mode and innovate talent training 
mechanism. Based on industry, expand the scale of industrial clusters, strengthen the 
advantage of industrial clusters ; broaden corporate financing channels and improve 
capital support mechanisms. Take environment as guarantee, improve policy support 
environment, cultivate green industry ecology ; expanding the pattern of opening and 
blending, deepening regional resource sharing. 

Keywords 
Biomedical Industry; Industrial Cluster Competitiveness; Analytic Hierarchy Process; 
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1. Introduction 

Industrial cluster can enhance the core competitiveness of various industries in a specific 
region, promote economic growth, promote the process of industrialization, and realize the 
coordinated development of enterprises and institutions in the cluster. After years of industrial 
development and market competition, biotechnology and industry in Jiangsu Province has 
developed rapidly, the pharmaceutical industry has transformed and upgraded, the industrial 
structure has been optimized, and the industrial chain has become increasingly complete ; 
strengthen pharmaceutical innovation research and development, enhance industrial 
competitiveness ; the biopharmaceutical and medical equipment industry of the whole 
province is highly concentrated, and the regional characteristic clusters are initially formed.  
Based on the national ' 14th Five-Year ' pharmaceutical industry development plan ' and 
according to the high-quality development needs under the new situation, Jiangsu Province 
needs to build a new system of advanced biomedical and new medical equipment industrial 
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clusters, and continue to develop innovative technologies to enhance the competitiveness of 
industrial clusters. In this study, through theoretical and empirical analysis, combined with the 
respective industrial characteristics and geographical factors of the bio-pharmaceutical 
industrial clusters in Jiangsu Province, we can find out the influencing factors that can 
effectively improve the competitiveness of the bio-pharmaceutical industrial clusters, so as to 
provide a theoretical optimization path for the formation of advanced bio-pharmaceutical 
industrial clusters with global competitiveness, which are rich in innovation factors, strong 
competitiveness of enterprises, reasonable spatial layout, and high level of division of labor and 
cooperation [1] , and provide reference paradigm and experience for the construction of 
advanced manufacturing clusters in other regions. 

2. Research on the Current Situation 

2.1. Development Status of Biopharmaceutical Industry in Jiangsu Province 
(1) Industry scale growing steadily 
By the end of 2019, the main business income of pharmaceutical industry in Jiangsu Province 
was 381.639 billion yuan, accounting for 14.60 % of the same national index value ; the growth 
rate was 12.12 %, higher than the national average increase of 4.17 percentage points. The 
profit is 55.769 billion yuan, an increase of 18.28 %, accounting for 16.13 % of the same national 
index value. Export delivery value is 41.964 billion yuan, an increase of 12.30 % year on year, 
accounting for 19.82 % of the same national index value. The average growth rate of main 
business income in Jiangsu Province from 2015 to 2019 was about 12.8 per cent, which was 
higher than the national average growth rate of 10.5 per cent, and the overall development 
momentum remained strong. 
 

Table 1. Main Economic Indexes of the Pharmaceutical Industry in 2019 

Index 
Jiangsu China 

Proportion 
( % ) Amount( billion 

yuan ) 
Year-on-year 
growth( % ) 

Amount( billion 
yuan ) 

Year-on-year 
growth( % ) 

main 
business 
income 

3816.39 12.12 26147.35 7.95 14.60 

total profit 557.69 18.28 3456.96 7.02 16.13 

export 
delivery 

value 
419.64 12.30 2116.92 7.03 19.82 

 
(2) Enhancement of industrial innovation strength 
In order to achieve the innovative development of Jiangsu ’ s pharmaceutical industry, the 
government and enterprises have increased the R & D funding for new products from various 
aspects, from CNY 6.58 billion in 2015 to CNY 15.88 billion in 2019, accounting for nearly 
double the proportion of the country, and being in the leading position in China. The number of 
R & D personnel and scientific research institutions in Jiangsu pharmaceutical industry is at a 
stable level, and the number of effective invention patents and patent applications has 
continued to grow for five years from 2015 to 2019, reflecting its strong innovation strength. 
The number of new drug declarations in Jiangsu Province has been at the forefront of the 
country. In 2019, Jiangsu was approved by the State Drug Administration to list ninety-two 
product specifications, accounting for 18.2 % of the country 's total, ranking first in the country. 
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Of the 11 approved domestic new drugs of Category 1 in China, eight ( 72.7 % ) were approved 
in Jiangsu Province. 

2.2. Development Status of Biomedical Industry Cluster in Jiangsu Province 
At present, Jiangsu Province has formed a certain scale of biomedical industry and medical 
device cluster. There are up to 16 pharmaceutical industrial parks selected in the “ Top 100 list 
of national biomedical industrial parks in 2021 ” in Jiangsu Province, ranking first in the 
country . Jiangsu pharmaceutical industry cluster is mainly distributed in Nanjing, Suzhou, 
Taizhou, Lianyungang and other four regions. These regions have gathered more than 80 % of 
the province ’ s biomedical enterprises, and the output value has accounted for more than 95 % 
of the province ’ s total. The level of industrial intensification is relatively high [2].  
Jiangsu pharmaceutical industry has developed rapidly, the four major pharmaceutical industry 
growth poles have been initially formed, and gradually transition to the point axis layout mode. 
At present, the pharmaceutical industry in Jiangsu has basically formed the " four major 
pharmaceutical sectors, " namely the Suzhou-Wuxi-Changzhou pharmaceutical industry group, 
Taizhou pharmaceutical high-tech zone, Nanjing bio-pharmaceutical industry cluster and 
Lianyungang economic and technological development zone. Compared with other regions in 
Jiangsu, it has obvious advantages and strong industrial foundation in the development of 
pharmaceutical industry, and has gathered many pharmaceutical backbone enterprises, 
universities and research institutions. It has also received strong support from the government 
in policy and has a good platform and industrial foundation [3]. 

2.3. Development Bottleneck of Biomedical Industry Cluster in Jiangsu 
Province 

The characteristic advantages of each industrial cluster still need to reflect the increasing 
number of bio-pharmaceutical industrial clusters in Jiangsu Province, but there is no 
characteristic development trend between clusters. The homogenization of bio-pharmaceutical 
industrial parks leads to the waste and dispersion of human, financial, material and other 
elements of resources, and it is difficult to focus on innovation.  
The construction of service and R & D platform needs to optimize the initial formation of public 
service platform system in various industrial clusters, but the lack of basic service platform is 
difficult to meet the integration and sharing of basic resources of biopharmaceutical industry 
in the province ; the number of clinical resource sharing platforms is small, and clinical trial 
services need to be improved. Industry incubation service platform function is weak, it is 
difficult to ensure continuous space and facilities for SMEs and entrepreneurial service support  
[4].  
The collaborative development mechanism among clusters is not perfect. The pharmaceutical 
industry clusters lack communication and cooperation, and the bio-pharmaceutical industry is 
limited to local areas, which is difficult to expand to the province. The supporting service 
sharing mechanism in adjacent areas is not perfect, the chain linkage effect at the provincial 
level is weak, and the efficiency of collaborative supporting is low. The convergence of 
industrial structure and fierce competition in various regions make it difficult to achieve 
coordinated development goals and affect the function of clusters. 

3. Research on Influencing Factors of Industrial Cluster Competitiveness 

3.1. Evaluation Index System and Weight Design 
(1) Confirm expert advisory group  
According to the empirical needs, experts from government and enterprises such as heads of 
pharmaceutical parks and senior executives from Jiangbei Pharmaceutical Valley in Nanjing, 
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Suzhou Biomedical Industry Park and Taizhou Pharmaceutical City were selected and 
interviewed. Such experts either have senior management experience of pharmaceutical 
industrial clusters, or have worked in enterprises of biopharmaceutical parks for many years. 
They have a profound understanding and cognition of biopharmaceutical industrial clusters 
and are familiar with the development and planning of innovative biopharmaceutical industrial 
clusters in Jiangsu Province. Finally, 14 experts were selected for index establishment 
consultation and questionnaire score. 
(2) Source of evaluation index  
Domestic and foreign academic papers : Search the keywords of ' industrial cluster ' and ' 
analytic hierarchy process ' in CNKI and other databases, and obtain 31 articles related to the 
research topic.  
Field research : Suzhou Biomedical Park, Taizhou Pharmaceutical City and Jiangning Life 
Science and Technology Town were investigated. Through investigation and interview, the 
bottlenecks in the development of representative parks were understood, and the research 
materials were sorted out. The suggestions for improving the competitiveness of local 
biopharmaceutical industrial clusters fed back by nearly 30 governments and enterprises were 
summarized. According to the suggestions with high frequency, the index system was increased 
and decreased.  
Expert opinions : experts and scholars in the field of dialogue conduct semi-open consultation 
on the selection of indexes at all levels, form a qualitative cognition of the factors affecting the 
competitiveness of biopharmaceutical industrial clusters, and extract the design indexes that 
are consistent and recognized. 
(3) Principle of index selection  
Scientificity : The selection process of indexes should be based on objective laws, conform to 
the connotation of the biomedical industry, and can measure and reflect the competitive trend 
of the biomedical industry in Jiangsu Province.  
Targeting : The selection of indexes should have representative significance, and accurately 
reveal the essential content that affects the competitiveness of biomedical industry clusters in 
Jiangsu Province.  
Comprehensiveness : the selection of indexes needs to be comprehensive in all aspects, multi-
dimensional and multi-level to describe the relevant measures to enhance the competitiveness 
of industrial clusters [5].  
Low correlation : the index system needs to be logical, in the process of index selection to avoid 
a high degree of correlation between indexes [6]. 
(4) Construction of Evaluation Index System of Competitiveness Factors  
Jiangsu bio-pharmaceutical industry cluster competitiveness evaluation index system consists 
of four levels, three levels of index system ( table 2 ), respectively : target layer ( A ) : the highest 
level of industrial cluster competitiveness, namely ' Jiangsu bio-pharmaceutical industry cluster 
competitiveness ' ; criteria layer ( B ) : the first-level indexes, which decomposes the target layer 
into three components : environmental competitiveness ( B1 ), innovation competitiveness 
( B2 ) and industrial competitiveness ( B3 ) ; element layer ( C ) : the secondary-level indexes, 
which decompose three primary indexes into nine secondary indexes ; index layer ( D ) : the 
third-level indexes, consisting of 37 specific indexes under 9 secondary-level indexes. 
 

Table 2. Competitiveness Evaluation Index System 

Goal layer First-level indexes 
Secondary-level 

indexes 
Third-level  indexes 

Competitiveness of Jiangsu 
Biomedical Industry Cluster 

Environmental 
competitiveness  

Role of 
Government  

Government investment ( D111 )  
Number of preferential policies ( D112 )  
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( A ) ( B1 ) ( C11 ) Government pro-business services 
( D113 )  

Location traffic  
( C12 ) 

Airport / station distance ( D121 )  
Traffic congestion ( D122 )  

Distance from research institutions 
( D123 )  

Living 
environment  

( C13 ) 

Air quality ( D131 )  
Housing price-income ratio ( D132 )  

Living facilities ( D133 )  

Infrastructure  
( C14 ) 

Industrial cluster planning area ( D141 )  
Infrastructure construction level of 

transportation, water and electricity 
( D142 )  

General public service expenditure 
( D143 )  

Grade and scale of experimental animal 
center ( D144 )  

Medical Device R & D Service Platform 
( D145 )  

Service system perfection ( D146 )  

Innovation 
competitiveness  

( B2 ) 

Talent advantage  
( C21 ) 

R & D personnel proportion ( D211 )  
Proportion of people receiving higher 

education ( D212 )  
Number of high-end talent ( D213 )  

R & D technology  
( C22 ) 

R & D expenditure proportion ( D221 )  
Technical income share ( D222 ) 

Number of invention patents ( D223 )  
Number of provincial and above 

innovation platforms ( D224 )  
3-year cumulative number of national 

biomedical projects ( D225 )  
5 - year cumulative number of clinical 

batches of new drugs ( D226 )  
Cumulative number of registration 

certificates for three types of medical 
devices ( D227 )  

Cumulative number of innovative 
medical equipment products ( D228 )  

Number of applications and listings for a 
class of innovative drugs ( D229 )  

Industrial 
competitiveness  

( B3 ) 

Industry size  
( C31 )  

Cluster biopharmaceutical output value 
( D311 )  

Number of enterprises in 
biopharmaceutical industry ( D312 )  
Number of listed companies ( D313 )  

Export delivery value of pharmaceutical 
industry ( D314 )  

Number of leading enterprises ( D315 )  

 Cluster 
aggregation  

( C32 ) 

Linkages between enterprises and 
intermediary services ( D321 )  

Integrity of industrial chain ( D322 )  
Degree of cooperation between 

enterprises and research institutions 
( D323 )  

Cluster 
aggregation  

( C32 )   

Number and size of PE and VD ( D331 )  
The amount of venture capital obtained 

( D332 ) 
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(5) Weight determination  
According to the expert consultation table designed by the index system, 14 questionnaires 
were collected with a recovery rate of 100 %. According to the recycled expert consultation 
table, the comprehensive weight of each third-level indicator of the competitiveness evaluation 
index system of Jiangsu biopharmaceutical industry cluster to the target layer is obtained by 
sorting out and calculating the index score results ( Table 2 ). 
 

Table 3. Competitiveness Evaluation Index System and Weight 
 B C D  Weights of the third-level indexes 

Comprehensive weights  
of the third-level indexes  

A 

B1 

(0.33155) 

C11 
(0.26809) 

D111 0.31250 0.027777 
D112 0.33523 0.029797 
D113 0.35227 0.031312 

C12 
(0.24681) 

D121 0.36420 0.029802 
D122 0.31481 0.025761 
D123 0.32099 0.026267 

C13 
(0.22979) 

D131 0.31429 0.023941 
D132 0.34857 0.026552 
D133 0.33714 0.025682 

C14 
(0.25532) 

D141 0.16092 0.013622 
D142 0.17529 0.014839 
D143 0.16667 0.014109 
D144 0.15805 0.013379 
D145 0.16667 0.014109 
D146 0.17241 0.014595 

B2(0.3369) 

C21 
(0.52419) 

D211 0.33333 0.058866 
D212 0.33971 0.059993 
D213 0.32796 0.057918 

C22 
(0.47581) 

D221 0.11914 0.019098 
D222 0.11133 0.017846 
D223 0.10938 0.017534 
D224 0.10547 0.016907 
D225 0.10938 0.017534 
D226 0.11328 0.018159 
D227 0.10938 0.017534 
D228 0.11133 0.017846 
D229 0.11133 0.017846 

B3 (0.33155) 

C31 
(0.34225) 

D311 0.20539 0.023306 
D312 0.20202 0.022924 
D313 0.19865 0.022541 
D314 0.18855 0.021395 
D315 0.20539 0.023306 

C32 
(0.34225) 

D321 0.31395 0.035625 
D322 0.33721 0.038264 
D323 0.34884 0.039584 

C33 
(0.31551) 

D331 0.49573 0.051857 

D332 0.50427 0.052750 
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3.2. Empirical Results Analysis 
Table 4. Importance ranking of the indexes 

 B C D  Ranking 

A 

B1 

(0.33155) 

C11 
(0.26809) 

D111 
D113> D112> D111  D112 

D113 

C12 
(0.24681) 

D121 
D121> D123> D122  D122 

D123 

C13 
(0.22979) 

D131 
D132> D133> D131  D132 

D133 

C14 
(0.25532) 

D141 

D142> D146> D143= D145> D141> D144  

D142 
D143 
D144 
D145 
D146 

B2(0.3369) 

C21 
(0.52419) 

D211 
D212> D211> D213  D212 

D213 

C22 
(0.47581) 

D221 

D221> D226> D222= D228= D229> D223> D225> D227> D224  

D222 
D223 
D224 
D225 
D226 
D227 
D228 
D229 

B3 (0.33155) 

C31 
(0.34225) 

D311 

D311= D315> D312 >D313> D314  

D312 
D313 
D314 
D315 

C32 
(0.34225) 

D321 
D323> D322> D321  D322 

D323 

C33 
(0.31551) 

D331 
D332> D331 

D332 

 
It can be seen from Table 3 that among the first-level indexes, the weight difference among 
environment, innovation and industrial competitiveness is small. Among them, the importance 
of innovation competitiveness is high, and the importance of environmental competitiveness is 
the same as that of industrial competitiveness.  
There is no significant difference in the importance of the secondary-level indexes of 
environmental competitiveness. Among them, the government role is of high importance, 
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followed by infrastructure, location traffic, and finally living environment. Among the three 
indexes of government role, government pro-business services have the highest weight. The 
airport / station distance is the most important among the three-level traffic indexes. Among 
the third-level indexes of living environment, the importance of housing price-income ratio, 
living facilities and air quality decreases in turn. Among the third-level indexes of infrastructure, 
the importance of infrastructure construction indexes such as transportation, water and 
electricity is slightly higher than that of other third-level indexes.  
In the secondary-level indexes of innovation competitiveness, the importance of talent 
advantage is slightly higher than R & D technology. Among the three indexes of talent advantage, 
the proportion of higher education personnel is slightly higher than other indexes.  
In the secondary-level indexes of industrial competitiveness, the importance of indexes is : 
industrial scale = cluster aggregation > venture capital. Among the three indexes of industrial 
scale, the number of leading enterprises is the most important ; in the three indexes of cluster 
polymerization degree, the degree of cooperation between enterprises and research 
institutions, the integrity of the industrial chain, and the degree of connection between 
enterprises and intermediary services are decreasing. In the secondary-level indexes of venture 
capital, there is no significant difference in the number and scale of PE and VC, and the 
importance of the amount of venture capital. 
The importance ranking of the three indexes of the competitiveness evaluation index system of 
Jiangsu biopharmaceutical industry cluster is shown in table 4. 

4. Suggestions 

4.1. The Way to Improve Competitiveness based on Innovation  
( 1 ) Give full play to the overall advantages of clusters to achieve regional innovation and 
development  
Around the bio-pharmaceutical industry, the realization of innovation-driven transformation 
is the primary task to enhance the competitiveness of industrial clusters. We should focus on 
building bio-pharmaceutical industry innovation network clusters, give full play to the leading 
role of the ' four plates ' key pharmaceutical industry clusters, strengthen the industrialization 
ability, manufacturing ability and brand building ability of innovation achievements, closely 
integrate and coordinate development, jointly enhance the innovation competitiveness of 
Jiangsu pharmaceutical industry, and promote the rapid development of Jiangsu 
pharmaceutical industry ; for the medical equipment industry, product innovation will be the 
core competitiveness of the future development of medical equipment enterprises. Medical 
equipment manufacturers in the cluster should actively integrate high-quality small and 
medium-sized enterprise resources by means of joint, merger or reorganization, and focus on 
creating a number of medical equipment innovation demonstration clusters dominated by 
innovative medical equipment R & D and manufacturing.  
( 2 ) Optimizing talent introduction mode and innovating talent cultivation mechanism  
We should innovate the talent recruitment mode of biopharmaceutical and medical device 
industry cluster, establish and improve the market-oriented talent recruitment mechanism, 
strengthen the top-level design from the institutional level, strengthen the agglomeration and 
training of talent and technology introduction service institutions around the actual 
development and innovation needs of each cluster industry, and fully mobilize the enthusiasm 
of talent introduction institutions and personnel subject for market-oriented talent recruitment 
[7]. Relying on a series of high-end human resources, such as alumni council of first-class 
universities at home and abroad, top experts and scholars in the field of industry research, 
senior managers of pharmaceutical leading enterprises, etc., to promote talent technology 
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contracting projects, help industrial clusters expand talent think tanks and improve talent 
quality. 

4.2. Industry-based Competitiveness Optimization Path 
( 1 ) Expanding the scale of industrial clusters and strengthening the construction of 
advantageous industries  
Optimizing the allocation of resources and industrial distribution in the agglomeration area, by 
evaluating the competitiveness of existing industries, eliminating weaknesses, and 
strengthening the support of advantageous industries, in order to achieve overall coordination 
of industrial agglomeration in the region ; actively strive for biomedical industrialization, 
enterprise independent innovation, technical transformation and other special funds, for the 
transformation of industrial cluster advantage industry project. Leading enterprises in the 
cluster should shoulder the responsibility of leading and driving [8]. While accelerating the 
transformation and upgrading of their own industrial innovation, they should give full play to 
the influence of the head to attract new forces and improve the scale of industrial agglomeration 
in the park. After establishing the dominant position and playing a leading role, it is necessary 
to further develop the potential development momentum, continuously take the international 
leading innovation incubators, research and development units, and high-quality talent 
resources into consideration, and assist the all-round industrial chain of biomedical 
experimental research and development, intelligent manufacturing, production and sales 
services with the help of a sound information exchange, resource reciprocity, and knowledge 
sharing environment, so as to boost the construction of innovative sources with great 
competitive advantages at home and abroad.  
( 2 ) Broadening corporate financing channels and improving capital support mechanism  
Improve the policy financial support system, promote the linkage of investment, loan and 
insurance to support the development of pharmaceutical enterprises in the cluster, and 
optimize the financing chain of high-tech innovative pharmaceutical enterprises ; build credit 
evaluation mechanism, guide financial institutions to provide more powerful financial support 
for those with higher credit evaluation, and further improve the financing environment of 
pharmaceutical enterprises.  
At the same time, the establishment of a special fund for the development of pharmaceutical 
industry cluster and a series of sub-funds for bio-pharmaceutical industry investment, building 
a bio-pharmaceutical industry fund group with cluster characteristics, and establishing a multi-
level equity investment fund system [9]; encourage financial institutions to increase the 
support of enterprises in the cluster, support banks and other financial institutions to continue 
the credit delivery of biomedical enterprises, encourage enterprises to make full use of 
domestic and foreign multi-level capital market listing and listing financing, and actively 
promote innovative financial support methods such as financial leasing, guarantee pledge and 
intellectual property pledge. 

4.3. The Way to Improve Competitiveness with Environmental Protection  
( 1 ) Improving policy support environment and fostering green industry ecology  
We should conscientiously implement the requirements of the 14th Five-Year Plan for the 
pharmaceutical industry, continue to improve industrial development, innovation and 
entrepreneurship and talent support policies, and optimize the soft environment for the 
development of industrial parks. Improve sustainable development capacity and pollution 
control level, promote green technology innovation and ' three wastes ' control technology, 
adopt new technology and equipment to transform traditional production process ; improve 
the ability of cluster safety risk management and control, improve the quality of personnel skills 
and safety information level ; implementation of carbon emission reduction action plan, clear 
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focus areas of carbon emission intensity control objectives, improve the comprehensive 
utilization efficiency of resources in the pharmaceutical industry ; strict implementation of 
environmental protection, safety, energy-saving access standards, eliminate serious 
environmental pollution, high safety risk technology and production facilities, support to build 
a green park and green supply chain of bio-pharmaceutical industry cluster [10].  
( 2 ) Expanding the pattern of open integration and deepening regional resource sharing  
We should actively integrate into the integrated development of the Yangtze River Delta, 
achieve complementary regional advantages, and create internationally competitive 
biopharmaceutical and medical device industrial agglomeration areas through cooperation and 
sharing [11]. We should make every effort to promote the in-depth cooperation of technical 
factor resources, establish and improve the integrated science and technology cooperation and 
exchange mechanism, and promote the high-quality development of the Yangtze River Delta 
integration [12]. give full play to the interconnected role of industrial cluster radiation centers 
in the Yangtze River Delta, Beijing-Tianjin-Hebei, Guangdong, Hong Kong and Macao, and 
accelerate the transfer and transformation of scientific and technological achievements ; 
strengthening information exchange and coordination of resource allocation, promoting the 
opening and sharing of major scientific and technological infrastructure and innovation 
resources, and enhancing the core competitiveness and sustainable development capacity of 
industrial clusters. 
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