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Abstract 

To realize China's international development strategy for marine economy, a method is 
proposed to establish an index evaluation system for innovation and development 
ability of marine economy according to the diamond model. At the same time, the 
principal component analysis method is put forward for statement. First, based on the 
diamond model, the factors are comprehensively considered which affect the innovation 
and development ability of marine economy, and the evaluation indexes are determined. 
Then, the evaluation index data of major coastal cities in Guangdong Province are 
selected in the last eight years. Four principal components are extracted by principal 
component analysis method. Finally, the innovation and development ability of marine 
economy is calculated and evaluated. It is found that the innovation and development 
ability of marine economy increases from -0.87 in 2012 to 0.88 in 2019, suggesting a 
good trend of increase. It proves that the system proposed can evaluate the innovation 
and development ability of marine economy well. In short, the study provides theoretical 
support and important reference for the evaluation of innovation and development 
ability of marine economy. 
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1. Introduction 

China enjoys a long coastline and extremely rich marine resources. The rational development 
and utilization of marine resources is a great help to promote China's economic development. 
In the years when China has developed a characteristic socialist economy, the contribution 
created by the marine economy has also been continuously increasing. The “2019 China Marine 
Economic Statistics Bulletin” issued by the Department of Marine Strategic Planning and 
Economics of the Ministry of Natural Resources mentioned that China’s marine economy in 
2019 exceeded a total output of 8.9 trillion yuan, which has made a significant contribution on 
the economic development of China’s coastal cities. The various innovative industries 
generated through research and development and the use of new resources have reduced the 
pollution and waste of resources caused by the discharge of various pollutants from the 
traditional marine economy to the environment, and the harm to marine organisms has also 
been reduced, which is beneficial to the socialist marine economy with Chinese characteristics. 
The implementation of sustainable development strategy played a promoting role [1]. 
Innovation and development can change the form of development of the marine economy, 
reorganize and optimize the industrial structure of coastal areas, and make China's marine 
economy more powerful in the global economy. In order for the marine economy to develop in 
innovative forms, it is necessary to conduct research and evaluation on the innovation and 
development abilities of coastal cities. Scholars at home and abroad have also searched for 
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various methods to conduct a lot of studies, which have shown that technological innovation 
will play a certain role in promoting economic innovation and development, so high-tech should 
become the main force of marine economic development [2]. Some scholars have established 
an evaluation tool for the innovation and development of the marine economy through the 
planning of the coastal area, and have realized the application in the marine economic planning 
[3]. Some scholars have evaluated the stability of the marine economic system in terms of 
resilience and resistance, established an evaluation index system, and calculated the stability 
index of the marine economic system of coastal cities [4]. Studies have compared the ability of 
several provinces and cities in Linhai to carry out innovation and development of the marine 
economy, and divided them into levels [5]. According to these studies, it can be seen that the 
factors of marine economic innovation and development have been systematically studied at 
home and abroad, but there are still some deficiencies in the study on the evaluation of the 
ability of specific cities to carry out innovation and development. A method system for 
evaluating the innovation and development capacity of the marine economy of a specific city 
has not yet been formed. 

In short, this study researches on the background of sustainability theory, and proposes an 
evaluation method based on the diamond theory model, combined with principal component 
analysis to evaluate the ability of innovation and development of costal cities, and aims to 
provide a good direction for my country's marine economic development. 

2. Method 

2.1. Establishment method of evaluation index system for marine economic 
innovation and development capacity 

The marine economy includes the protection, utilization and development of various marine-
related industrial activities, as well as the integration of economic activities related to these 
industries. The marine economy mainly includes some production activities that rely on marine 
space or develop marine resources. For example, marine fishery, marine oil and gas industry, 
sea salt industry, etc. There are also some service industries related to the development of 
marine resources and marine space directly or indirectly, such as the shipbuilding industry and 
coastal tourism. 

In 2016, the State Oceanic Administration and the Ministry of Finance issued a notice, deciding 
to select some cities to carry out model work on innovation and development of the marine 
economy. In October 2016, the first batch of 8 cities of model for marine economic innovation 
and development were identified, including Xiamen, Yantai and Zhanjiang. In June 2017, the 
second batch of 7 cities including Shenzhen and Haikou was confirmed. Up to now, there are 15 
model cities in China for the innovation and development of marine economy. 

Model cities for the innovation and development of marine economy rely on state financial 
funds to promote the innovation and development of emerging key marine industries such as 
seawater desalination and marine biomedicine. Through coordination and integration of 
factors, a new policy is created, thereby promoting the concentration of marine resources 
towards limited development industries, coordinating business management and technology 
and other aspects, accelerating the pace of innovation, and fostering the driving force for 
industrial development. Strengthen the integration of financial capital and guide capital to the 
strategic industries of marine economic innovation and development. Only by establishing 
model cities, realizing scientific plans for innovation and development, and increasing 
government support can the marine economy become a new driving force for the national 
economy. 

China's marine economy is in a stage of rapid development, and it occupies a relatively 
important position in the development of socialist economy with Chinese characteristics. The 
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total production value of China's marine economy in the past five years has been increasing, 
and its proportion in the total economic output value of coastal areas is also increasing. Table 
1 shows the total value of marine economic production and its proportion in the total output of 
coastal areas. The data comes from the "2019 China Marine Economic Statistics Bulletin". 

 

Table 1. The gross economic production of the ocean and its proportion in the gross 
production of coastal areas 

Year Gross ocean product/Trillion Proportion/% 
2015 
2016 
2017 
2018 
2019 

6.5 
7.0 
7.7 
8.2 
8.9 

16.6 
16.2 
16.4 
16.6 
17.2 

 

For the problems brought about by the development of marine economy, the development of 
marine economy must be combined with the theory of sustainable development. Sustainable 
development is the need to consider the future while satisfying modern economic development. 
It is a development method that meets contemporary requirements without endangering the 
development abilities of future generations [6]. Combining economic development with 
environmental protection is also a way that must be considered for the harmonious 
development of the human-environment community. Applying the theory of sustainable 
development to make a reasonable development plan for the marine economy, the new marine 
resources can be exploited and used more scientifically, and the marine economy must also 
follow the principles of sustainable development to better develop its development abilities. 

The research in this study is to construct an index system based on the diamond model. The 
diamond theory is also known as the competitive advantage theory of nations [7]. This theory 
shows that only by combining application market needs, basic production factors, 
opportunities for establishing industries, industrial operations and competition, related 
industries, and national policies that affect industrial establishment can an industrial advantage 
be established in a country. However, these aspects have different influences on the 
establishment of the industry, of their own and of external environment. 

 
Figure 1. Basic model of diamond theory 
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As shown in Figure 1, the six factors interact to form a diamond-shaped system. Among them, 
the market demand of the industry is the most basic factor that affects the scale and structure 
of the industry. The various resources that need to be invested in the establishment of an 
industry, and these resources will also have a certain impact on the structure and scale of the 
industry, which is the impact of production factor. The more investment in establishing an 
industry and production, the bigger the reputation of the industry, thereby enhancing their 
competitiveness. The competitiveness of an enterprise is generated based on the comparison 
of the other enterprises' situations in the same industry or related industries, so these four 
basic factors are related and influence each other. The timing of the establishment of an 
industry must be grasped, and some policies issued by the government and some related 
activities must be paid attention to when established. Timing and national policies have no 
direct influence on the establishment of an industry. These two influencing factors will first 
affect other basic factors for establishing an enterprise, and then can influence the 
establishment of the industry itself. 

For the innovation and development of the marine economy, the basic condition is the 
production factor. According to environmental resources and human resources to create a 
marine economic innovation and development industry, if its own strength is sufficient, the 
scale of the industry and the competitiveness of peers will also increase. The market's demand 
for innovation and development in industries is also the driving force behind the innovation 
and development of the marine economy. The transformation of the marine economy and the 
adjustment of the industrial structure are subject to market changes. The development of 
related industries will also affect the innovation and development of the marine economy. Many 
emerging industries that rely on new marine resources need to be supplemented by related 
industries to build a complete industrial chain before they can develop successfully. 
Opportunities are always fleeting, and timely grasp of the opportunity to create an innovation 
and development industry for the marine economy is crucial to innovation and development. 
The relevant policies for industry establishment issued by the state are also an important 
guarantee for the innovation and development of the marine economy. 

 
Figure 2. Evaluation index system of innovation and development ability 
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Some conditions need to be paid attention to when selecting evaluation indexes of marine 
economic innovation and development abilities. First of all, the selected evaluation indexes 
must have a certain degree of leadership, which can guide the marine economy on the road of 
innovation and development. Secondly, the selected indexes can be used for data collection and 
comparison, and the indexes cannot be cross-covered with each other, they must be relatively 
independent, and can truly reflect the innovation and development of the marine economy.  

Figure 2 shows the evaluation index system of marine economic innovation and development 
abilities based on the diamond theory model. It is mainly divided into 6 first-level indexes and 
corresponding 17 second-level indexes. These indexes are derived from a comprehensive 
consideration of the factors affecting the innovation and development of the marine economy. 

2.2. Evaluation method of marine economic innovation and development 
ability 

According to the evaluation index system mentioned above, it can be seen that there are too 
many factors to be studied and analyzed to truly evaluate the marine economic innovation and 
development abilities of coastal cities. Some indexes cover different content, but they also 
influence each other. In order to effectively evaluate the innovation and development capacity 
of the marine economy, it is necessary to select some typical indexes that are not related to each 
other for analysis. The results of the variables reflected are similar to some of the original 
indexes and can be replaced. Therefore, this study selects the principal component analysis 
method to evaluate the innovation and development ability of the marine economy of the main 
coastal cities in Guangdong Province. The coastal cities of Guangdong Province selected in this 
study are Shenzhen, Zhuhai and Zhanjiang. 

The calculation method of the n-th principal component y is as follows.  

1 1 2 2
...

n n pn nn
y e x e x e x= + + +                                            (1)

 
In equation (1), x represents the original variable, and e represents the normalized feature 
vector. n=1, 2, ..., p. All principal components can form a linear combination related to the 
original variables. 
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                                                                      (2) 

The method of calculating the contribution rate of the principal component variance is as 
shown in equation (2). Among them, the variance contribution rate of the principal component 
is represented by η, and the proportion of the variance of the principal component in the 
variance of all components is represented by λ. The principal component's ability to reflect the 
original information increases with the increase of η.  
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The cumulative contribution rate is calculated as shown in equation (3). θ is used to represent 
the first m principal components reflect the accumulated amount of initial information. 
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As shown in equation (4), the maximum variance method is adopted when orthogonally 
rotating the data, and the data matrix is multiplied by the orthogonal matrix to obtain the 
rotating component matrix. In order to meet the requirements of the rotating factor, the 
variances V1 and V2 of (b112, b212, ..., bp12) and (b122, b222, ..., bp22) need to be maximized. 
The calculation method is shown in equation (5), and G is the sum of the variances of the two 
sets of data. G has to reache the maximum to meet the calculation requirements. 

Finally, the factor score F needs to be calculated, and the calculation method is as follows. 

1 21 2j pj j jpF X X X  = + +                                               (6) 

In equation (6), the value of the principal component is represented by X, the weight of the 
principal component is represented by ω, the number of factors is represented by j and satisfies 
1 < j < m. 

The data used in the research of this study are basically derived from the statistical data of 
China's marine economic development in the National Bureau of Statistics in recent years. The 
corresponding index data comes from the China Marine Statistical Yearbook and the statistics 
from the Yearbook of Shenzhen, Zhuhai and Zhanjiang. There are also some incomplete data 
supplemented by consulting the record reports of the ocean bureaus of various cities and 
searching on the Internet. 

The units and values of various indexes are different, and some data still have positive and 
negative values. In response to this situation, these data need to be standardized to eliminate 
the influence of positive and negative correlations. 
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Equations (7) and (8) are the positive and negative standardized equations, respectively. 

3. Results 

Based on the sustainable development theory, this study discusses the innovation and 
development of the marine economy. By using the diamond theory model of national 
competitive advantage, considering various factors affecting the innovation and development 
of the marine economy, an evaluation index system for economic innovation and development 
abilities is created, and apply the principal component analysis method to evaluate the marine 
economic innovation and development ability of the main coastal cities in Guangdong Province 
in the past eight years. 

Figure 3 shows the comparison of the basic conditions of marine resources in major coastal 
cities in Guangdong Province.  

Guangdong is rich in coastal tourism resources and extensive coastlines, creating diverse 
natural conditions. There are 256 coastal tourist attractions in the province, and a total of 174 
coastal beaches are available for development. Among them, Shenzhen has 10 coastal tourist 
attractions. There are 13 coastal tourist attractions in Zhuhai and 5 coastal tourist attractions 
in Zhanjiang. In terms of supporting facilities for coastal tourism resources, a large number of 
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star hotels can improve the tourist reception capacity of various cities and are also an important 
factor in accelerating the development of coastal tourism. Shenzhen has the most star hotels, 
followed by Zhuhai and Zhanjiang. 

 

 
Figure 3. Comparison of basic conditions of marine resources in major coastal cities in 

Guangdong Province 

 

Figure 4 shows the comparison of the talent reserves of marine economic innovation and 
development in major coastal cities in Guangdong Province in recent years. 

 

 
Figure 4. Comparison of talent reserves in major cities in Guangdong Province 
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The development of the marine economy is inseparable from the support of technological 
innovation. Figure 4 shows that Shenzhen's marine economic innovation and development 
talents have increased from 828 in 2015 to 2,118 in 2019, and it is in a leading position among 
the three major coastal cities with Zhanjiang followed closely. At the same time, it can be seen 
that there is still a big gap in talent reserve between Zhanjiang, Zhuhai and Shenzhen, and 
Zhuhai is relatively short of scientific research talent. 

Descriptive analysis is carried out after standardized processing of various index data of major 
coastal cities in Guangdong Province, and then the average of the analysis is calculated as shown 
in Figure 5. 

 
Figure 5. The average of descriptive analysis of various evaluation index data in coastal cities 

 

It can be seen from Figure 5 that the average is taken after descriptive analysis of the data of 
various indexes in the three major cities in Guangdong Province. A1-A17 in the evaluation 
system constructed by the diamond theory model is the evaluation index used in the research. 
According to the average of data of each evaluation index after descriptively analyzing, it can 
be seen that the number of development institutions of marine economic innovation and 
development industry is relatively small. There are not many professional scientific and 
technical talents, but the average of descriptive analysis of waste water and waste gas emission 
evaluation index data has reached more than 0.6, which shows that the marine economic 
innovation and development of coastal cities have caused more serious damage to the 
environment. 

When evaluating the innovation and development ability of the marine economy of the main 
coastal cities in Guangdong Province, the standardized eigenvalues of the evaluation indexes 
A1-A17 are calculated, and the principal component evaluation indexes are selected. The 
standardized eigenvalues of the evaluation indexes A1-A17 obtained through analysis and 
calculation are shown in Figure 6. The eigenvalue of the evaluation indexes can be extracted 
when it is greater than 1, that is, the cumulative contribution rate is higher than 80%. It can be 
seen in the figure that only the eigenvalue of the first four evaluation indexes meet the 
requirements, and the cumulative contribution rate of these four evaluation indexes is 
calculated to reach 83.4%. Therefore, the first four indexes can be selected as evaluation 
indexes. In the calculation and analysis, this study runs the with these four evaluation indexes 
as the principal components. 
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Figure 6. Standardized eigenvalues of each evaluation index 

 

Using the maximum variance method to orthogonally rotate the data matrix, the positive and 
negative correlations between the principal components and other indexes can be obtained by 
calculation. If it is a positive correlation, the data calculation result is positive, otherwise it is 
negative. Afterwards, in order to comprehensively evaluate the marine economic innovation 
and development ability of coastal cities, the scores of main components are calculated. 

 
Figure 7. Marine economic innovation and development ability scores of coastal cities in the 

past 8 years 
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Calculating the data of the three major coastal cities in Guangdong Province in the past 8 years, 
the score result of the principal component is the marine economic innovation and 
development capability as shown in Figure 7. It is found that the innovation and development 
ability of marine economy increases from -0.87 in 2012 to 0.88 in 2019, suggesting a good trend 
of increase. 

4. Discussion 

The marine economy, which can bring huge economic benefits, has some common problems in 
the process of innovation and development. According to the research of Ji Weilun (2017), it is 
found that coastal cities have brought many environmental problems along with the innovation 
and development of marine economy [8]. At the same time, the research in this study also found 
that the discharge of the waste water, exhaust gas and solid waste in the innovation and 
development of marine economy has caused great harm to the environment. Such development 
cannot meet people's needs and yearning for a better life. The impact of taking economic 
development on the ecological environment will one day be fed back. Therefore, China's marine 
economy must adhere to the theory of sustainable development, promote cleaner production, 
and pay attention to protecting the ecological environment while developing. The research of 
Di Ganbin et al. (2019) elaborated on the importance of marine high-end human resources in 
the innovation and development of marine economy [9]. The research in this study finds that 
in the innovation and development of the marine economy, there are few development 
institutions for emerging industries. This is also due to the lack of professional and technical 
talent, and insufficient investment in scientific and technological development and talent 
training to achieve scientific innovation. China needs to investigate market demand when 
establishing an industry for the innovation and development of the marine economy, and then 
plan the structure and scale of the industry, but at the same time, China must increase 
investment in scientific research and development, focus on technological innovation, train 
more professionals, receive benefit by mutual discussion, and rely on science and technology 
to inject new vitality into the industry. Only by embarking on the path of independent 
innovation, can the competitiveness of the industry be enhanced and flourish. Nowadays, most 
countries are studying how to carry out marine economic innovation and development, and 
there are few studies on the evaluation of innovation and development abilities. According to 
the diamond theory, Min Dequan et al. (2019) extracted five influencing factors from the 
research on the development of the cruise industry combined with factor analysis, and 
formulated a development plan for the cruise industry [10]. According to the enlightenment of 
this research method, basing on the guidance of sustainable development theory, this study 
discusses the evaluation of marine economic innovation and development ability based on the 
diamond theory model. Four main evaluation indexes were extracted using principal 
component analysis, and the marine economic innovation abilities of three major coastal cities 
in Guangdong Province were evaluated based on the scores they gained. As a result, it is found 
that the innovation and development ability of marine economy increases from -0.87 in 2012 
to 0.88 in 2019. This shows that the three major coastal cities in Guangdong Province have 
grasped various development factors very well over the years, and improved their own 
strength in the first place, and then coupled with the promotion of opening policies such as the 
opening of special zones by the state, and an integrated economic environment at home and 
abroad. These have enabled the three major coastal cities in Guangdong Province to 
continuously improve their marine economic innovation and development abilities over the 
years. According to the evaluation results of the innovation and development ability of the 
marine economy in this study, some problems existing in the innovation and development of 
the marine economy in China can be found. Therefore, the evaluation system proposed in this 
study can not only be applied to the evaluation of China's current marine economic innovation 
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and development ability, it can also propose corresponding ways to improve the innovation 
and development ability of China's marine economy, so as to promote the steady progress of 
China's marine economy under the sustainable development strategy. 

5. Conclusion 

The marine economy has gradually become a major boost in China’s economic development. In 
order to promote the innovation and development of the marine economy in coastal areas, this 
study combines the diamond model theory to establish a marine economic innovation and 
development ability evaluation index system and analyzes the marine economy of the three 
major coastal cities in Guangdong Province. It is been found that the marine economic 
innovation and development ability of the three major coastal cities in Guangdong Province has 
reached 0.88 in 2019 in the past eight years. The development trend proves that the marine 
economic innovation and development ability of these three major coastal cities in Guangdong 
Province has been steadily increasing. The research in this study proves that although the 
innovation and development ability is important, we still need to pay attention to 
environmental protection, technological innovation and talent training in the development 
process. Only in this way can a broad road be opened for the innovation and development of 
the marine economy. The evaluation system based on the diamond model can effectively 
evaluate a city's marine economic innovation and development abilities. However, there are 
still some limitations in the selection of evaluation indexes in the research of this study. 
Subsequent studies can consider the evaluation indexes of marine economic innovation and 
development abilities in many other aspects to expand the depth of research. 
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