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Abstract: The purpose of this study is to explore how to effectively prevent risks in the Marine Silk
Road. This paper establishes a hierarchical theoretical framework by using the interpretive
structural modeling (ISM) and explores an application system for intelligent prevention. The fuzzy
set theory is also used to screen out the unnecessary attributes, and a decision-making and trial
evaluation laboratory (DEMATEL) is proposed to manage the complex interrelationships among
the aspects and attributes. Finally, we suggest an applicable risk-prevention system for the Marine
Silk Road. Our results: (1) the solution to international political and trade risks is the most critical
for the risk prevention; (2) the solution to marine meteorological risks relies mainly on the
improvement of ocean information sharing mechanism driven by big data which needs
international cooperation in terms of information and technology; (3) the solution to marine energy
and environmental risks also requires active international cooperation; (4) the application system
should be built based on three levels, including the international level, the government level, and
the company level. This theoretical hierarchical framework aims to guide the countries alongside
the road to effectively prevent the risks on the Marine Silk Road, promote the sustainable
development of the Marine Silk Road, and develop the transnational economies and cultures.

Keywords: Marine Silk Road; sustainable development; intelligent risk-prevention system; Fuzzy-
DEMATEL-ISM

1. Introduction

“One Belt and One Road” which originated in China, is the one of longest economic corridors
and the most promising economic cooperation zones in the world. In October 2013, China first
proposed the initiative of jointly building the 21st century “Marine Silk Road” [1]. The Marine Silk
Road will be of great and far-reaching significance, for it will enhance international cooperation,
promoting common economic development, friendship, and cultural exchanges among the people
from different cultural traditions, by building a marine shipping network composed of ports and
routes and establishing communication channels among the countries along the route [2].

The Marine Silk Road refers to the marine section of the historic Silk Road that linked China,
Southeast Asia, Indian subcontinent, Arabian Peninsula, Somalia, Egypt, and the European
subcontinent. From 2001 to 2015, China’s trade with the countries along the belt and road has grown
from US $8.4 billion to US $112 billion, of which China’s trade with 11 countries in the Southeast Asia
has reached US $48.03 billion. The cooperation of the countries in regard to marine-cultural, marine
engineering technology, and marine tourism will contribute to the countries” economic development

[3]-
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However, the development of the Marine Silk Road will also bring about a certain potential
challenges and risks to the countries involved [1], such as the risk of meteorological disaster [4], the
risk of the international cultural conflict [5], and the economic and social risk led by national policies
[6], etc. Therefore, in order to escort the sustainable development of the Marine Silk Road and
promote economic and cultural development of the countries along the route, it is necessary to
accurately identify, assess and effectively prevent the risks it may face. Liu focused on the assessment
and early warning of marine traffic safety risks under severe weather such as storms and high waves
[7]. Most of the researches on risk assessment have been carried out on the social and economic
disaster bodies in small regions [8]. Some scholars have conducted researches on emergency
measures after disasters, such as grouping and ranking the rescue needs of different regions [9]. Fan
et al. focus on typical risks in different regions such as Southeast Asia, South Asia and Africa [10].
Ross studied the cultural conflicts in the development of the “Belt and Road” [5].

However, most of the existing studies focus on the risk of the Marine Silk Road only in specific
aspects. In addition, there is no in-depth analysis of the internal connection of various prevention
methods, and there is also a lack of a systematically integrating framework to provide guidance
toward the intelligent prevention of the risks involved in Marine Silk Road. Therefore, it is necessary
to conduct researches aimed at providing a reliable risk prevention system to promote the
development and smooth setout of the Marine Silk Road.

In this context, this study which intends to develop an intelligent risk-prevention system for the
Marine Silk Road will contribute to both literature and practice. To do so, we follow three steps in
our analysis. First, we establish a theoretical framework of systematic prevention system against
various risks which the Marine Silk Road may face, sort out the risks systematically and identify the
potential risks of the Marine Silk Road accurately. Second, a multilevel decision model which
combines Fuzzy set theory, a decision test and evaluation laboratory (DEMATEL), and an
explanatory structure model (ISM) is established to evaluate the performance and relationship of
various prevention methods. Third, based on the results of the first two steps above, an operational
and feasible intelligent risk prevention system is established and guidance is provided for the
sustainable development of the Marine Silk Road.

Based on the empirical results, we try to draw conclusions from the following four perspectives.
First, the risks involved in the development of the Marine Silk Road can be determined in five
dimensions: the risk of disastrous climate, the risk of marine environmental pollution, safety risk of
marine traffic, economic and financial risk, and social and political risk. Second, there can be a variety
of prevention methods for these five types of risks, which are different in terms of method,
mechanisms, and degrees of their effects. It is necessary for a risk-prevention system to cover all these
differences. Third, the study found that these risk-prevention methods can be divided into five
different levels. Addressing social and political risks is the first step in preventing risks along the
Marine Silk Road. Then, political risks and international trade security risks should be prevented
while ensuring a stable international environment. After that, the marine monitoring through big
data technology and the green development of marine energy can be realized. Fourth, an application
system combining the stakeholder theory is established for risk prevention of the Marine Silk Road,
which will be built based on three levels: the international level, the government level, and the
company level. The research results can provide an important theoretical reference for the sustainable
development of the Marine Silk Road.

2. Literature Review

With the development of the Marine Silk Road in recent years, the countries involved have
become more closely related, which makes the issue of Marine risks a more significant and far-
reaching one. It has become necessary for those countries to cooperate more closely to cope with
common issues such as preventing or minimizing the risks.

This section provides a systemic review of the literature, including the theoretical background,
the possible risks of the development of the Marine Silk Road, and the prevention methods proposed.
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The list of countries located on Marine Silk Road is shown in Table 1. By reviewing the existing
literature, this study classifies the risks into categories: risk of catastrophic oceanic climate, risk of
pollution to the marine environment, risk of marine traffic, economic and financial risk, and
sociopolitical risk.

Table 1. List of countries alongside the Maritime Silk Road.

Area Country

Africa Egypt, Sudan, Libya, Algeria, Tunisia, Morocco, Kenya, Somalia, Eritrea, Djibouti, Tanzania

Germany, France, Italy, Netherlands, Luxembourg, Belgium, United Kingdom, Denmark,
Ireland, Greece, Cyprus, Hungary, Malta, Spain, Portugal, Sweden, Finland, Austria, Czech
Republic, Estonia, Latvia, Lithuania, Poland, Slovakia, Slovenia, Bulgaria, Romania, Croatia,
Bosnia, Hercegovina, Montenegro, Serbia, Albania, Macedonia

Europe

Oceania Australia, New Zealand

South Asia Pakistan, Bangladesh, Sri Lanka, India, Maldives

South

Pacific Fiji, Cook Islands, Micronesia, Niue, Samoa, Tonga, Tuvalu, Papua New Guinea

Southeast  Philippines, Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Singapore, Thailand,
Asia Vietnam

Turkey, Jordan, Lebanon, Israel, Palestine, Yemen, United Arab Emirates, Saudi Arabia, Oman,

West Asi
estAsia Qatar, Kuwait, Bahrain, Iran, Iraq, Syrian Arab Republic

2.1. Risk of Catastrophic Oceanic Climate

As aresult of the global warming, sea levels and the temperature are rising, and at the same time
the frequency and severity of various marine disasters continue to increase. The Marine Silk Road is
often affected by disasters like storm surges [11]. Of all those disasters, the historical tsunamis in the
Indian Ocean and the Mediterranean Sea account for about 21% of the global total [11]. These
catastrophic marine climate risks will seriously affect the safety of marine traffic and transportation
and hinder the sustainable development of the Marine Silk Road.

2.1.1. Build an Intelligent Warning System for Disasters

In recent years, a program called the Southeast Asian ocean observing system has greatly
promoted the cooperation of the countries along the Marine Silk Road in marine forecasting and
monitoring. Andaman Sea quasi real-time floating, latent standard observation arrays has been
formed [7], which can strengthen the capabilities of monitoring, predicting, and early warning of the
oceanic climate. Establishing more tide stations and using the satellite monitoring information system
will also be of great importance in monitoring and preventing natural disasters [11]. These latent
standard observation arrays cannot only directly support marine forecasting system, but also provide
important observation data for the study of the climate and the marine ecological protection.

2.1.2. Build an Intelligent Information Sharing Platform for Disasters

Currently, most countries along the “21st century Marine Silk Road” have multiple problems
such as underdeveloped economy, retarded technology, unbalanced development, and backward
management level [12]. However, the establishment of marine information sharing mechanism, along
with the rapid development of information technology and the increasingly frequent and close
economic exchanges between countries, enables countries alongside the road to effectively avoid the
risk of international marine disasters [11] which they might not be able to effectively deal with for
themselves, share a disaster database for further analyses, and provide a systemic understanding of
the regional disaster frequency, intensity, and location [12], so that the international aid can be
provided in time and the secondary or subsequent disasters can be avoided.
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2.1.3. Training Professionals and Technical Personnel in Marine Meteorology

Marine professionals can capture and analyze marine climate information effectively and
reasonably, give early warnings of marine natural disasters, and help countries be prepared for them.
The technical advantages of training marine professionals can contribute to the scientific and
technological progress of a marine disaster prevention system and the formulation of international
rules [13]. Marine meteorological professionals can not only participate in major international
organizations for marine security, but also share their expertise in marine disasters with the society
and thus promote the improvement of the level of international marine emergency management [14].

2.2. Risk of Pollution to the Marine Environment

Marine pollution is also one of the contemporary marine problems. Emma argues that marine
pollution is a growing environmental concern worldwide, endangering numerous marine species
[15]. Marine environmental crises arise when plastic wastes from land and fuel leaks from ships
pollute marine water. To solve these problems, countries along the Marine Silk Road are in need of
more resources and cooperation with other countries.

2.2.1. Accelerate the Development of Clean Energy for Ships

Marine pollution sometimes occurs by accident with the leakage of toxic and harmful substances
from ships carrying them during the voyage. An accidental oil spill can also cause pollution in marine
ecological environment. The negligence of the management regarding the accidental offshore oil spill
has brought about heavy disasters to marine ecological environment as well as human beings [16].
As the new wave, marked by information technology, has been booming, it has prompted the
development of the shipping industry [17]. The development of IT and clean energy technology are
reducing consumption of fossil fuel for ships, thus reducing carbon dioxide emissions. The integrated
garbage management systems for ships may also contribute to environmental protection.

2.2.2. Build Natural Barriers for Marine Life

It has been reported that there are more than 200 kinds of microorganisms capable of degrading
oil, which belong to more than 70 genera, of which bacteria account for about 40 genera and dominate
the marine ecosystem [18]. Investment in marine ecosystems can prevent or mitigate the damage
caused by coastal and marine natural disasters. Moreover, coastal fortifications can also be built
through marine ecosystems [19]. For example, reed and mangrove wetland ecosystems, which have
good tolerance to nutrient enrichment and eutrophication, and are mostly in a state of nutrient
deficiency, can filter and absorb nutrients from sewage and play a positive role in improving the
marine ecological environment [20].

2.2.3. Promote the Development of Smart Marine Pollution Monitoring and Control Technology

The application of high and new technologies in the development of new instruments for marine
environment detection is mainly reflected in two aspects, namely aquatic detection technology and
satellite remote sensing and telemetry technology [21]. Regular monitoring of severe oil pollution in
the gulf is carried out by using low-cost satellite monitoring methods, and oil pollution is identified
and tracked using products retrieved from satellite images to intervene and minimize its impact. It is
of great significance for the development of marine pollution and ecological environment monitoring
technology to develop sensors suitable for pollution and ecological environment monitoring or
micro-instruments for on-site automatic monitoring by comprehensive application of physical,
chemical, and biological technologies [22].
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2.2.4. Intelligent Optimization of Marine Pollution Control Methods

The intelligent treatment of marine pollution generated by sea transportation can reduce the
treatment cost of pollution as far as possible, improve the treatment efficiency, and shorten the
treatment time. Countries can learn from each other’s advanced experience in marine waste recycling
treatment, actively encourage the public to participate in technological innovation, increase
investment in science and technology, introduce advanced marine environmental and ecological
restoration technologies from regions or countries, and improve resource conversion capacity [22].

2.3. Risks of Marine Traffic

With the development of the Marine Silk Road, marine transport is playing an increasingly
important role. Marine traffic risk refers to the risk of improper operation or collision between ships
or between ships and ports during navigation. Therefore, marine traffic safety management is also
facing great pressure. Hu analyzed the hazards and accident characteristics of coastal waters,
obtained the distribution structure of marine traffic safety risks, and proposed some risk control
methods [23].

2.3.1. Promote the Intelligent Ship

The occurrence of many marine traffic accidents is related to ship factors to varying degrees.
Ship factors include ship size, ship age, ship structure, ship equipment, and many other aspects [24].
The intelligent ship may be realized via machinery monitoring and control system, which is the
automation solution for medium and to large size ships. The intelligent ship improves the efficiency
and productivity of ship staff and ensures the safety of navigation by increasing the quality of
controlling and handling ship. The introduction of the intelligent transportation infrastructure is one
of the important measures to improve the efficiency of transportation [17,25].

2.3.2. Use Big Data Technology to Monitor Ocean Passages

Under the background of big data, the use of AIS (automatic identification system) data, through
the statistical analysis of ship collision, can effectively avoid the busiest waterways at high risk of the
collision [26]. AIS is an automatic tracking system that uses transponder on vessels and is used by
vessel traffic services [27]. AIS information supplements marine radar, which continues to be an
important method of collision avoidance for sea transportation.

2.3.3. Standardized and Automated Ship Navigation Operation

Marine practitioners have uneven professional quality and safety awareness, and frequent
unreasonable passage phenomenon, which is one of the important factors causing ship accidents [24]
It is estimated that more than 50% of potential accidents are caused by human error, most of which
are caused by inattention. Therefore, improving deck crew’s ability to deal with emergencies caused
by autopilot failure is also a potential way to improve automatic monitoring [28]. Standardized ship
navigation can actively reduce the incidence of marine traffic accidents.

2.3.4. Promote the Development of Smart Ports

Port investment in prevention for coastal and marine disaster remains a challenging decision
with major implications. It is of far-reaching significance for the sustainable development of the
Marine Silk Road [19]. However, the current port construction research based on the unique
geographical and technical characteristics of the sea areas along the Marine Silk Road is not enough,
and there is a lack of targeted service products for ship navigation and port operations [12]. It is of
great significance to increase the operation efficiency of the international shipping industry and
eliminate the bottleneck constraints by increasing the deep-water port work [17].
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2.4. Economic and Financial Risks

Due to the differences in systems, habits, customs between countries, international economic
and trade conflicts are inevitable [29]. The development of the Marine Silk Road makes countries
involved more closely connected economically with each other, so countries involved are more
vulnerable to the impact of exchange rate fluctuations and trade disputes are likely to arise. In
addition, the continuous increase of international trade and foreign direct investment has exposed
them to international fraud and overseas investment risks, which have a negative impact on the stable
development of their economies and the enhancement of international economic cooperation, thus
posing a major challenge to the development of the Marine Silk Road [30].

2.4.1. Improve the International Trade Finance System

In recent years, fraud still exists in international trade. Bac and Raff analyzed the feasibility of
inter-state coordination and compromise to solve international trade frictions [31]. The advent of
block chain technology is on the verge of revolutionizing trade finance. By using block chain
technology, the risk of international trade fraud could be reduced [32]. In addition, strengthening the
construction of the goods trade and management system, as well as simplifying and coordinating
international trade procedures also play a positive role in removing barriers to international trade
[33]. A further reduction of tariffs and easing of non-tariff barriers will help to improve trade
facilitation and increase international trade.

2.4.2. Promote the Development of Financial Derivatives

In addition to the flow of people, the Marine Silk Road is also accompanied by the flow of funds,
involving capital flow, especially international direct investment, indirect investment and
international credit, which all affect the economy of the countries involved [33]. Enterprises can
usually prevent exchange rate risks through matching leads or lags of payment [34]. On the other
hand, the exchange rate risks are hedged by trading options, futures, and other financial derivatives
[35].

2.4.3. Establish an Investment Risk Assessment System

The establishment of a national risk assessment system, such as the regular release of overseas
investment risk reports, the continuous improvement of overseas investment information databases,
the regular release of risk assessment reports, and the risk warning mechanism can assist enterprises
to reduce the risk of overseas investment [1]. The innovation of financial derivatives plays an
important role in improving the risk management system of each country’s shipping industry and
ensuring the stable development of each country in international competition [36].

2.4.4. Establish and Improve the Insurance System

International trade along Marine Silk Road involves long distances transportation, so that there
is a greater risk of loss, damage or theft of cargo than in domestic trade. Transport risks can be covered
by commercial insurance. Meanwhile, export credit insurance is also needed to cover the credit risks
of the buyer. In many countries, government-backed export support agencies provide export credit
insurance, especially in cases where commercial insurance may not be available. [37]. Thus, in order
to promote international trade along Marine Silk Road, the countries involved need to strengthen
government-backed export credit insurance.
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2.5. Sociopolitical Risk

The “One Belt and One Road” initiative is faced with severe challenges in the cultural field. The
complex cultural ecology of the countries along the Belt and Road, the ethnocentrism nourished by
tradition, and the nationalism trend triggered by the rise of great powers aggravate the cultural
conflicts between China and other countries to varying degrees [5]. At present, the marine territorial
disputes between countries still exist, and the conflicts are further aggravated by the contention for
the marine strategic passage. According to the statistics of the piracy reporting center of the
International Marine Bureau, from 2000 to 2010, there were 362 criminal cases of armed robbery at
sea in the Strait of Malacca [38]. The Marine Silk Road requires countries to consider the interests of
other countries when formulating their own security policies, which are also important impediments
to maintaining an orderly navigation environment and the development of the Marine Silk Road [39].

2.5.1. Strengthen the Construction and the Cooperation of Navel Military Forces

Along with the development of Marine Silk Road, the waters of the countries involved have
divergent interests, and each country is strengthening the naval military power [40]. This is necessary
for the safe navigation of ships. However, cooperation between the navies of each country is
necessary to prevent maritime disputes between the countries involved and support the sustainable
development of the world [41].

2.5.2. Strengthen International Exchanges and Cooperation

The interests of every country are closely related to the interests of other countries. It is difficult
for every country to have national interests that do not include the interests of other countries, and
the realization of national interests cannot be achieved without cooperation with other countries [42].
As for international issues, one country’s unilateral actions do not solve any issues, but can only affect
other countries” actions. In other words, without the cooperation of many countries, international
issues cannot be resolved. Therefore, without the cooperation of the countries involved, the natural
environment of the sea cannot be improved, nor can it bring about the development of the Marine
Silk Road [43]. Both economic ties and security interactions are organized at the international level,
so international cooperation has become one of the important features of the stable development of
the Marine Silk Road [44].

2.5.3. Improve the International Legal System for the Law of the Sea

Countries can benefit from mutually beneficial development by developing detailed legal rules
for naval operations in peacetime, strengthening the effectiveness of the convention on the law of the
sea in regular training, and enhancing political mutual trust to achieve meaningful security
cooperation [40]. When conducting trade activities, all countries must follow the rule of WTO and its
trade agreements, and follow the organizational and institutionalized management of international
trade activities [33]. In addition, to strengthen the integration of marine environmental systems of
various countries with international marine environmental systems is also an international trend of
increasing unification and convergence between international environmental legislation and
domestic legislation [45].

2.5.4. Raise Public Awareness of Marine Conservation

In the era of globalization, the society puts forward new requirements and expectations for
education. Civic education should go beyond the consideration of a single country, make the public
realize that they are both citizens of their own country and citizens of the world, and improve the
public’s sense of international responsibility [6]. The public of all countries can realize that the
importance of the environment to the shipping industry necessitates the effective implementation of
national government policies [46]. In addition, strengthening the popularization of marine
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emergency science and improving the public’s ability to deal with marine emergencies is also an
indispensable link in promoting the stable development of the Marine Silk Road [14].

By reviewing and sorting out the literature, we have summarized 19 smart prevention methods
for Marine Silk Road risks, as shown in Table 2.

Table 2. Marine Silk Road risk smart prevention system.

Risk Prevention Methods

Method Description

Build an intelligent disaster warning

strengthen our monitoring, forecasting and early warning

C1 capabilities to guard against the risks of marine natural
system .

disasters.

o Build an intelligent disaster International sharing of marine information can
information sharing platform effectively help countries avoid marine disaster risks.

c3 Training professional and technical Marine professionals can effectively capture and analyze
personnel in marine meteorology marine information.

ca Accelerate the development of clean Promoting the development and dissemination of clean
energy for ships technologies could benefit the shipping sector.

. R R Mitigate the damage caused by coastal and marine

C5  Build natural barriers for Marine life 18 & y

disasters.
Promote the development of smart
. . P L. Effective prevention of marine pollution caused by
C6  marine pollution monitoring and .
shipping.
control technology

cy Intelligent optimization of marine Intelligent management of marine pollution generated by
pollution control methods shipping to reduce the cost of pollution.

C8  Promote the intelligent ship Effectively ensure the safety of navigation.

9 Use big data technology to monitor Reasonable arrangement of international shipping time to
ocean passages avoid traffic congestion and marine traffic accidents.
Standardized and automated shi

C10 . . P Reduce the possibility of marine traffic accidents.
navigation operation

c11 Promote the development of smart Give full play to the important role of ports in preventing
ports coastal and marine disasters.

C12 Improve the international trade finance =~ Reduce the adverse effect of international fraud on
system international trade.

C13 Promoting the development of financial ~Avoid the exchange rate fluctuation in the international
derivatives financial transactions.

Cl4 Establish an investment risk assessment Improve overseas investment information database, assist
system enterprises to reduce the risk of investment.

C15 Establish and improve the insurance Stronger insurance schemes can reduce the vulnerability
system of international trade.

Cl6 Strengthen the construction and the Reducing international marine conflicts of interest ensures
cooperation of marine military forces the stability of economic exchanges.

c17 Strengthen international exchanges and ~ Promote economic exchanges and provide mutually
cooperation beneficial cooperation.

. . Strengthen international norms of marine conduct,

Improve the international legal system L . .

C18 promote political mutual trust and promote international
for the law of the sea .

cooperation.
C19 Raise public awareness of marine Raise public awareness of the importance and urgency of

conservation

the marine environment in the shipping industry.
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3. Method

The following research process is designed in this paper. First of all, the research theme is
clarified and the risk prevention system of the maritime Silk Road is constructed. Then, we invited
experts in related fields to revise the index system and fill in the questionnaire. Next, the calculation
results are obtained by exploring the Fuzzy-DEMATEL and ISM models. Finally, a complete
intelligent risk prevention system is founded for the maritime Silk Road. The whole process is shown
in Figure 1.

The risk-prevention | 1 ) A theoretical o An application of the
P ntroduction hi hical Consideration intelli t risk-
system of the of intelligence lerarchica of applicability Intelligent 1is
Research Maritime Silk Road »| framework based on » prevention system of
Problem lacks systematicness big data technology Marine Silk Road is
Y is needed needed

|

Screen out Decision—making and Manage complex Interpretive \
FLlZZy set unnecessary trial evaluation interrelationships structural
theory attributes laboratory among attributes modeling
T (DEMATEL) g (ISM)
Semantic matrix Synthesis matrix ———  Accessibility matrix
Yy y
Research
Method Calculation
process
Direct influence Centrality and Hierarchical structure
k matrix causality diagram
R h Data Calculation | 1SMmodel Theoretical Stakeholder | APpplication of the risk
esearc Results structure results theory prevention system of the
Results > »|  Maritime Silk Road

Figure 1. Research design.

3.1. Fuzzy-dematel

Fuzzy mathematics is based on the fuzzy set theory, which is applicable to the analysis of the
fuzzy degree of correlation between elements. It is a method of processing fuzzy information
simulating the human brain. By introducing the fuzzy set theory and the subjective judgment of
experts in triangular fuzzy number, it can eliminate the subjectivity of experts’ scoring [47].

Fuzzy-DEMATEL method can not only retain the advantages of traditional DEMATEL method
in factor recognition [48], but also replaces the original accurate value with triangular. Fuzzy number
reflect the real situation of the problem more comprehensively. It improves the credibility of the
analysis results and provides a reliable reference for managers to make decisions [49]:

Step 1:  For the problem under study, established a system of influencing factors set to F1, F2,..., Fn.
Step2: According to the expert scoring method to determine the influence relationship between
the methods, and the matrix form is used to express. Experts were invited to evaluate the

"o

relationship between methods using language operators “no influence (N)”, “very weak

influence (VL)”, “weak influence (L)”, “strong influence (H)”, and “very strong influence
(VH)”. The original expert evaluation is converted into triangular fuzzy number by means
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of semantic table, which represents the influence of i method on j method according to the
KTH expert, as shown in Table 3.

Table 3. Semantic transformation table.

Linguistic Variables Triangular Fuzzy Number

(TEN)
N (No influence) (0,0,0.2)
VL (Very low
influence) (002,0.4)
L (Low influence) (0.2,0.4,0.6)
H (High influence) (0.4,0.6,0.8)
VH (Very high
influence) 0811)

Conversion from language variables to triangular fuzzy Numbers:
k k k k l - 1 l . l - 1 .
Wy =(a;, a5y ay;) = (max 7,0 ,;,mm 7,1 )i €{0,1,---n} @

where k is the kth questionnaire of expert, while i and j are the row and column number of the risk

prevention method matrix, respectively.

Step 3:  The method of converting the Fuzzy data into crips scores (CFCS) is used to defuzzify the
initial values of the expert scores, as the nth order directly affects the matrix Z, and the
direct influence matrix reflects the direct effect between the factors, including the following
four steps:

* Normalize triangular fuzzy numbers:

xay; = (af; —minay,)/ An
xaé‘[j = (aé‘ij —min aﬁ,)/Aﬂffi’r‘l (2)
xaé‘ﬁ = (aé‘il. —min alkl.j. )/ A

Among them, A‘Eﬁ’; =max a;{ij —min alkl.j ;In turn, we can calculate xalky. , xaé‘ij , xaé‘”

+ Standardize left and right values:

ko k k k
xls; = xay, /(1+xa2ij —Xa,;)

(©)
k k k k
xrs; = xay; [(1+ xay; — xa,;)
+ Calculate the clear value after defuzzification:
k k k koo k k k
x; =[xls; (A= xlsy )+ xrsyxrs; 1/[1—xls; + xrs; ] W
k _ : k k max
z; =mina,; +x; XA
*+ Calculate the average clear value:
z..:(z.1.+z%+~-~+z.k.)/n (5)
ij gt ij

Step4: The direct influence matrix Z is standardized, and then the normalized direct influence
matrix G is obtained:
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lzl/maXZzU,Gle (6)
j=1

I<i<n 4=

Step5: The synthesis matrix T is calculated according to the following formula:

— 2 n _ -1
T=G+G +G'oT=(E+G)" gigthe identity matrix.

Step 6:  The elements in matrix T are added by row as the influence degree Di, which represents the
comprehensive influence value of the row factor on all other factors. The elements in matrix
T are added as the affected degree Ri by column, indicating the comprehensive influence
value of all other factors in that column. The formulas are as follows:

D, =>t,(i=12,,n)

J:l (7)
R, =>t,(i=12,,n)

j=1

Sum of the degree of influence and the influence degree on other factors is called centrality m;,
indicating the position of the method in the system and the size of the effect. The difference between
the degree of influence and the degree to be influenced is called the degree of cause ni, which reflects
the causal relationship between the influencing methods. If the causality is greater than 0, the factor
has a great effect on other factors and is called the factor of cause. If the causality is less than 0, the
factor is greatly affected by other factors and is called the factor of result. The formulas are as follows:

m, =D +R(i=12,---,n)

. (®)
n=D +R@{=L12,--,n)
Step7: Based on the above analysis of the importance of each method and the interaction between
the methods, for the actual system to put forward policy recommendations.

3.2.ISM

Although DEMATEL method can calculate the importance degree of a specific prevention
method in the influencing factor system, it cannot determine the internal correlation of the prevention
method and divide the hierarchy, so it is difficult to effectively manage and control the prevention
method. Therefore, this paper uses ISM method to classify the system structure. The ISM method can
transform fuzzy ideas into intuitive ones with good structural relations, and is suitable for system
analysis with many variables, complex relations, and an unclear structure [47].

ISM is a recognized method for identifying relationships between specific elements that define
a problem. ISM is a mature qualitative tool, which can be applied to various disciplines. For example,
Luthra et al. through the application of ISM, this paper discusses various obstacles of green supply
chain management (GSCM) in Indian automobile industry [50]. Talib et al. apply the ISM method to
understand the interaction between total quality management (TQM) barriers in an organization [51].
Haleem et al. analyzed the key success factors of world-class manufacturing practices using ISM
method [52]. The basic steps to implement ISM are as follows:

1. Calculate the overall influence matrix F. The calculation formula is:

where, the matrix I is the identity matrix;
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2. The threshold is introduced to eliminate redundant information for the most streamlined matrix.
According to the trial calculation, the most suitable threshold calculation model is obtained. The
calculation formula is:

A=a+p (10)
In this equation, «,  are the mean and standard deviation of all the elements in T.

3. According to the overall influence matrix of the system and the threshold value to remove the
redundant factors, the reachable matrix M is obtained.

Lf, 24

m"f':{o,fij</l

(4,7 =123,---,n) (11)

In formula, 1 means there is a direct effect between the two factors, while 0 means there is no
direct effect between the two factors.

4.  The accessible set and the preceding item set of each factor were determined, and the accessible
set Ri and the preceding item set Si were obtained by hierarchical processing.

Ri={afa; e Ak, #0},(i=1,+,m)
(12)
Si={ajfa; e Ak, #0},(i=1,,m)

5. Check the following. If it is true, it indicates that the corresponding factor is the underlying
factor, and then the rows and columns corresponding to the factors are deleted in the matrix M.

R, =R, NS, (13)

6. Repeat step4 and step5 until you get the factor set Nq (q =1, 2, ..., n) at each level and all factors
in the reachable matrix M are deleted.

7. According to the matrix obtained in step 6, the hierarchical structure diagram of influencing
factors is drawn in the order in which the factors are crossed out.

4. Results

Based on the review and analysis of literatures, this paper summarizes 19 smart prevention
methods of the Marine Silk Road, and we interviewed seven marine experts to get their views on the
relationship of the 19 methods by scoring, and then corrected their answers to obtain the fuzzy direct
impact matrix. Then, according to the CFCS method, the raw data were processed to determine the
direct impact matrix between the smart prevention methods of Marine Silk Road risks, as shown in
Table 4.
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Table 4. Direct Impact Matrix.

Cl C2 C3 C4 G5 C6 C7 C8 (C9 C10 C11 C12 C13 Cl14 C15 Cl6 C17 C18 C19
C1 0.000 0.340 0.209 0.209 0.209 0.279 0.320 0.279 0.049 0.209 0.279 0.019 0.340 0.049 0.059 0.059 0.019 0.009 0.320
C2 0.049 0.000 0.340 0.340 0.340 0.099 0.219 0.029 0.019 0.340 0.029 0.229 0.169 0.019 0.009 0.039 0.239 0.219 0.179
C3 0.139 0.039 0.000 0.019 0.029 0.119 0.009 0.129 0.099 0.019 0.119 0.189 0.019 0.009 0.019 0.009 0.189 0.189 0.029
C4 0.029 0.039 0.119 0.000 0.119 0.009 0.019 0.009 0.009 0.119 0.029 0.149 0.039 0.019 0.069 0.019 0.149 0.139 0.029
C5 0.009 0.039 0.009 0.019 0.000 0.019 0.039 0.029 0.019 0.019 0.019 0.149 0.039 0.019 0.019 0.009 0.149 0.149 0.039
C6 0.269 0.340 0.209 0.209 0.209 0.000 0.340 0.289 0.049 0.209 0.289 0.019 0.340 0.049 0.049 0.049 0.019 0.009 0.340
C7 0.029 0.179 0.340 0.340 0.340 0.099 0.000 0.079 0.019 0.340 0.029 0.219 0.179 0.029 0.019 0.019 0.249 0.249 0.179
C8 0.289 0.340 0.209 0.209 0.209 0.279 0.310 0.000 0.039 0.209 0.259 0.009 0.340 0.039 0.049 0.049 0.019 0.009 0.340
C9 0.340 0.209 0.089 0.059 0.059 0.340 0.209 0.340 0.000 0.099 0.340 0.029 0.209 0.340 0.320 0.340 0.069 0.069 0.209
C10 0.019 0.029 0.009 0.009 0.009 0.019 0.039 0.059 0.019 0.000 0.019 0.149 0.039 0.029 0.029 0.019 0.149 0.059 0.039
C11 0.320 0.320 0.219 0.219 0.219 0.299 0.340 0.279 0.049 0.219 0.000 0.039 0.320 0.049 0.039 0.059 0.039 0.039 0.340
C12 0.129 0.109 0.259 0.229 0.279 0.199 0.129 0.199 0.360 0.299 0.229 0.000 0.149 0.360 0.340 0.340 0.340 0.340 0.129
C13 0.009 0.159 0.159 0.179 0.159 0.009 0.159 0.009 0.049 0.159 0.009 0.159 0.000 0.209 0.109 0.009 0.189 0.139 0.320
C14 0.289 0.149 0.029 0.039 0.039 0.289 0.179 0.289 0.299 0.039 0.310 0.019 0.199 0.000 0.279 0.299 0.019 0.019 0.209
C15 0.340 0.189 0.039 0.029 0.049 0.340 0.199 0.340 0.310 0.039 0.340 0.019 0.209 0.310 0.000 0.310 0.019 0.019 0.209
C16 0.340 0.189 0.059 0.069 0.049 0.340 0.189 0.340 0.340 0.119 0.340 0.019 0.209 0.340 0.340 0.000 0.009 0.029 0.199
C17 0.169 0.159 0.289 0.289 0.289 0.209 0.179 0.199 0.299 0.340 0.199 0.360 0.149 0.279 0.239 0.279 0.000 0.299 0.169
C18 0.149 0.129 0.289 0.310 0.310 0.199 0.149 0.209 0.279 0.340 0.199 0.340 0.169 0.279 0.279 0.279 0.320 0.000 0.159
C19 0.069 0.109 0.310 0.310 0.310 0.029 0.139 0.029 0.039 0.340 0.069 0.229 0.139 0.049 0.069 0.069 0.229 0.229 0.000

The direct impact matrix of the Marine Silk Road risk intelligent prevention system is
standardized to obtain the standardized direct impact matrix. As shown in Table 5, according to the

formula T = G(E —G)_1 , the matrix is calculated by Python 3.6, and the comprehensive impact

matrix T can be obtained.

Table 5. The aggregate impact matrix T.

Cl C2 C3 C4 C6 C7 C8 (C9 C10 C11 C12 C13 C14 C15 Cil6 C17 C18 C19
C1 0.053 0.138 0.120 0.117 0.120 0.116 0.136 0.114 0.046 0.124 0.113 0.060 0.141 0.050 0.049 0.046 0.062 0.055
C2 0.056 0.049 0.135 0.133 0.137 0.070 0.098 0.056 0.046 0.141 0.055 0.106 0.089 0.047 0.043 0.047 0.108 0.099
C3 0.065 0.047 0.041 0.044 0.048 0.064 0.041 0.066 0.049 0.048 0.063 0.071 0.044 0.032 0.032 0.030 0.071 0.069
C4 0.029 0.032 0.053 0.026 0.054 0.027 0.028 0.027 0.024 0.056 0.031 0.056 0.033 0.026 0.035 0.024 0.056 0.052
C5 0.021 0.029 0.026 0.028 0.025 0.025 0.030 0.027 0.023 0.031 0.025 0.052 0.030 0.024 0.022 0.020 0.053 0.051
Cé6 0.111 0.139 0.121 0.118 0.121 0.056 0.140 0.116 0.046 0.125 0.115 0.061 0.141 0.050 0.047 0.044 0.063 0.055
C7 0.053 0.089 0.136 0.134 0.138 0.071 0.052 0.067 0.046 0.142 0.056 0.104 0.092 0.050 0.046 0.044 0.111 0.106
C8 0.113 0.137 0.118 0.116 0.119 0.114 0.132 0.053 0.043 0.123 0.107 0.057 0.139 0.046 0.046 0.043 0.061 0.054
C9 0.158 0.138 0.109 0.101 0.103 0.162 0.140 0.160 0.057 0.117 0.159 0.066 0.143 0.133 0.125 0.127 0.076 0.071
C10 0.023 0.026 0.024 0.024 0.025 0.024 0.029 0.032 0.021 0.024 0.024 0.050 0.029 0.024 0.023 0.020 0.050 0.030
C11 0.124 0.137 0.126 0.123 0.127 0.123 0.143 0.118 0.049 0.130 0.057 0.067 0.140 0.052 0.048 0.049 0.069 0.064
C12 0.129 0.124 0.157 0.147 0.162 0.148 0.132 0.147 0.155 0.174 0.152 0.077 0.139 0.158 0.150 0.148 0.151 0.144
C13 0.043 0.076 0.086 0.089 0.087 0.045 0.078 0.045 0.047 0.091 0.045 0.079 0.045 0.082 0.060 0.038 0.086 0.072
C14 0.135 0.112 0.082 0.082 0.084 0.137 0.120 0.136 0.110 0.089 0.139 0.052 0.126 0.051 0.108 0.109 0.055 0.050
C15 0.152 0.128 0.092 0.088 0.094 0.154 0.132 0.153 0.116 0.097 0.152 0.057 0.136 0.121 0.052 0.115 0.059 0.055
C16 0.155 0.131 0.098 0.098 0.096 0.158 0.133 0.156 0.125 0.116 0.155 0.059 0.139 0.130 0.126 0.052 0.060 0.059
C17 0.130 0.130 0.162 0.158 0.163 0.143 0.137 0.141 0.137 0.181 0.140 0.153 0.134 0.137 0.125 0.130 0.080 0.137
C18 0.125 0.123 0.161 0.161 0.166 0.141 0.130 0.142 0.133 0.180 0.139 0.149 0.137 0.137 0.133 0.130 0.147 0.072
C19 0.062 0.073 0.126 0.123 0.127 0.057 0.081 0.057 0.051 0.138 0.064 0.102 0.082 0.054 0.056 0.054 0.103 0.098

According to formulas (7)-(8), the influence degree, affected degree, centrality and causality are
calculated, as shown in Table 6.
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Table 6. Comprehensive impact matrix analysis.

Decision-
Making and
Trial Influence Affected degree Centrality Causality
Evaluation  degree (D) (R) (m) (n)
Laboratory
(DEMATEL)

C1 1.802 1.735 3.537 0.068
C2 1.609 1.855 3.465 -0.246
C3 0.974 1.973 2.946 -0.999
C4 0.701 1.910 2.612 -1.209
C5 0.573 1.998 2.571 -1.425
C6 1.817 1.836 3.653 -0.019
c7 1.632 1.910 3.542 -0.278
C8 1.767 1.814 3.581 -0.047
9 2.295 1.325 3.619 0.970
C10 0.532 2.127 2.658 -1.595
C11 1.896 1.791 3.687 0.104
C12 2.735 1.479 4.215 1.256
C13 1.312 1.959 3.271 -0.648
C14 1.910 1.403 3.313 0.507
C15 2.093 1.327 3.420 0.766
C16 2.190 1.271 3.461 0.918
C17 2.662 1.522 4.185 1.140
C18 2.647 1.395 4.042 1.253
C19 1.563 2.078 3.641 -0.515

The DEMATEL causality diagram is shown in Figure 2.
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Figure 2. Decision-making and trial evaluation laboratory (DEMATEL) causal diagram.

For this reason, 19 preventive methods are divided into the cause set and the result set. Table 5
shows 10 methods, including disaster monitoring and early warning system of intelligent
information construction (C1), promote the development of marine pollution monitoring technology
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wisdom (C6), use big data technology to real-time monitor the sea channel situation (C9), promote
the wisdom of port construction (C11), perfect the credit system of international trade (C12), set up
investment risk assessment system (C14), establishing and perfecting the insurance system (C15), to
strengthen the construction of marine military power (C16), strengthen international exchanges and
cooperation and (C17), and establish a perfect legal system of international marine law (C18). Among
them, the corresponding influence degree of C12, C17, and C18 is 2.4523, 2.5244, and 2.5247
respectively, which are the three factors with the highest influence degree among all factors. This is
because the sustainable development of the Marine Silk Road cannot be separated from international
cooperation and the standardization of international trade. International exchanges, cooperation, and
a sound international marine legal system are important guarantees to ensure the stability of
international trade. Therefore, the establishment of the Marine Silk Road risk intelligent prevention
system should focus on this consideration.

Nine results include an intelligent information sharing platform construction of disaster (C2),
marine climate professional and technical personnel training (C3), accelerating the development of
ship power clean energy (C4), construction of marine natural barrier (C5), promote the intelligent
marine pollution control method (C7), promote the development of ship intelligent (C8),
standardization of ship operation (C10), promote the development of financial derivatives (C13), and
raise the public awareness of marine conservation (C19). These methods have a weak impact on risk
prevention of the Marine Silk Road, but they are more likely to be affected by other factors and
change. Therefore, appropriate attention and control should be paid to the actual management to
help improve the prevention effect.

According to the order of centrality, the factors are C17, C18, C12, C11, C19, C9, C6, C7, C16,
C13, C8, C2, C1, C15, C14, C10, C3, C5, and C4 from the largest to the smallest.

According to equation 26, as shown in Table 7, the reach-ability matrix M composed of 0 and 1
is constructed. 1 indicates a strong relationship between the two factors, and 0 indicates no or weak
relationship between the two factors. The reachable and antecedent sets of factors of the first-level
decomposition structure are shown in Table 8.

Table 7. Accessibility matrix M.

Cl1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 Ci6 C17 C18 C19

ct 1.1 0 0 0 0 1 O 0 O 0 0 1 0 0 0 0 0 1
c2 0 1 1 0 1 0 0 O 0 1 0 0 0 0 0 0 0 0 0
G 0 01 0 0 0 0 O 0 O 0 0 0 0 0 0 0 0 0
¢4 0 0 0 1 0 0 0 O 0 O 0 0 0 0 0 0 0 0 0
¢ 0 0 0 01 0 0 O 0 O 0 0 0 0 0 0 0 0 0
¢c6 0 1 0 0 0 1 1 O 0 0 0 0 1 0 0 0 0 0 1
¢z 0 0 1 0 1 0 1 O 0 1 0 0 0 0 0 0 0 0 0
¢ 0 1 0 0 0 0 0 1 0 O 0 0 1 0 0 0 0 0 1
¢ 1 1 0 0 0 1 1 1 1 0 1 0 1 0 0 0 0 0 1
cio 0 0 0 0 0 0 0 O 0 1 0 0 0 0 0 0 0 0 0
¢clt 0 1. 0 0 0 0 1 O 0 O 1 0 1 0 0 0 0 0 1
ci2 0 0 1. 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
cl3 0 0 0 0 0 0 0 O 0 O 0 0 1 0 0 0 0 0 0
ci4 0 0 0 0 0 1 0 1 0 O 1 0 0 1 0 0 0 0 0
c'5 1. 0 0 0 0 1 0 1 0 O 1 0 1 0 1 0 0 0 1
Cle 1. 0 0 0 0 1 0 1 0 O 1 0 1 0 0 1 0 0 1
ciz 0 0 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 1 1
cl8 0 0 1 1 1 1 0 1 0 1 1 1 1 1 0 0 1 1 1
cl9 0 0 0 0 0 O O O 0 1 0 0 0 0 0 0 0 0 1
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Table 8. First-level decomposition structure.

i L(f) P(f) C(/)=L(/)NP(f)
C1 1,2,7,13,19 1,9,15,16 1
2 2,3,5,10 1,2,6,8,9,11 2
c3 3 2,3,7,12,17,18 3
C4 4 4,12,17,18 4
c5 5 2,5,7,12,17,18 5
C6 2,6,7,13,19 6,9,12,14,15,16,17,18 6
c7 3,5,7,10 1,6,7,9,11,17 7
cs 2,8,13,19 8,9,12,14,15,16,17,18 8
C9 1,2,6,7,8,9,11,13,19 9,12,17 9
C10 10 2,7,10,12,17,18,19 10
Cl11 2,7,11,13,19 9,11,12,14,15,16,17,18 11
Cl2  345689,10,11,12,13,14,15,16,17,18,19 12,17,18 12,17,18
C13 13 1,6,8,9,11,12,13,15,16,18 13
Cl4 6,8,11,14 12,14,17,18 14
C15 1,6,8,11,13,15,19 12,15 15
C16 1,6,8,11,13,16,19 12,16 16
C17 3,4,5,6,7,8,9,10,11,12,14,17,18,19 12,17,18 12,17,18
C18 3,4,5,6,8,10,11,12,13,14,17,18,19 12,17,18 12,17,18
C19 10,19 1,6,8,9,11,12,15,16,17,18,19 19

It can be seen from Table 7 that the reachable set and the common set intersect with factors C12,
C17 and C18, so elements C12, C17, and C18 constitute the first-level influencing factors. The rows
and columns of the influencing factors C12, C17 and C18 in the matrix M are deleted to obtain a
higher-level decomposition matrix, and the above process is repeated. The factor set Nq (q=1,2..., 5):
first-level node N1 = {C3, C4, C5, C10, C13,}; Level 2 node N2 ={C2, C7, C19}; Level 3 node N3 = {Cl1,
C6, C8, C11}; N4 = {C9, C14, C15, C16}; Level 5 node N5 = {C12, C17, C18}.

Finally, we can build a hierarchical path from the ISM model for indicators to interact with each
other, as shown in Figure 3. The orange arrows represent the same level of interaction. The green
arrows show the effect on the upper layers, and the blue arrows show the effect on the cross layers.
This provides a complete guide for the intelligent prevention of Marine Silk Road risks.

According to the ISM model analysis of influencing factors, C12, C17, and C18 are the key to
establishing the risk prevention system of the Marine Silk Road.

To sum up, the methods for establishing an intelligent risk prevention system for the Marine
Silk Road are very complex, involving the interactions among nature, transportation, economy,
society and the international community. The influence mode, influence mechanism, and effect
degree of different methods are different, thus forming a systematic integration framework for risk
wisdom prevention of the Marine Silk Road.
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Figure 3. Interpretive structural modeling (ISM) model structure diagram of influencing factors.

5. Discussion

This paper attempts to establish an intelligent prevention system for Marine Silk Road risks. At
present, there are relatively few studies on risk prevention of Marine Silk Road, and no systematic
and comprehensive overall system has been provided. This study systematically analyzes the risks
that may exist in the development of Marine Silk Road, and according to these risks, integrates the
traditional prevention methods and the wisdom methods to sort out 19 risk prevention methods,
which are included in the structured hierarchical model. In addition, with the help of the Fuzzy-
DEMATEL and ISM methods, the importance and relationship of these prevention methods are
analyzed. According to the above data processing process, the results in Table 9 are obtained in this
paper. The second column of the table lists the data processing results, and the third column of the
table shows the policy implications obtained through the analysis of the data processing results.

First, to improve the international trade finance system (C12), to strengthen international
exchanges and cooperation (C17), and to establish and improve the international marine legal system
(C18) constitute the first level of ISM model with the highest degree of centrality, which is the primary
method to prevent risks of the Marine Silk Road. All of these are important means to solve the
international political and economic problems of the Marine Silk Road and all of them are
institutional approaches. This top-level system design includes regulating the international legal
system and promoting exchanges and cooperation between countries. The establishment of
international marine laws and regulations system that coordinates interests of the countries involved
can help to converge interest around the world in an interdependent international society, thus
forming a community of interests [12]. It will also help the development of the Marine Silk Road,
being one of the ways to achieve a “human destiny community” [53]. Building such a human destiny
community does not overthrow the national management system, nor does it make a system of
“anarchy” of the state of the world. On the premise of mutual respect for state sovereignty, it creates
an international cooperation framework, expands the international cultural and economic exchanges
and cooperation between countries, brings the standardization of the economic and trade terms,
avoids interest conflicts between countries, and promotes national economic reciprocity and mutual
benefit, i.e., common development.
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Table 9. Main results.

Data Calculation Results Theoretical Results
C12, C17, C18 are in the first level of The primary task of risk prevention in Marine Silk Road is to
1 ISM model and have the highest ensure international political security and avoid international
degree of centrality trade risks
Scientific and accurate evaluation of the project is the starting
5 C9, C14, C15, C16 are in the second point of venture capital investment, and reasonable risk
layer of the ISM model diversification through the insurance system is an important

means for enterprises to reduce risks.

C1, C6, C8, Cll are in the It is difficult for a single country to solve the problem of
intermediate level of the ISM model, Y & oy P

3 and they are under the influence of maritime traffic safety. The problems must be solved by all

. . -, countries in a community through consultation
international politics and economy

€2, C7, C19 are in the second-to-last Marine environmental risk prevention will be affected by

4 economy, international environment and international
level of the ISM model. y .
cooperation
On the basis of stable international environment and close
. international economic cooperation, it will take a long time to
C3, C4, C5, C10 are in the last level of L. . P L . &
5 realize intelligent technological innovation, clean energy
the ISM model . . . . .
development, marine biological protection and professional
personnel training
Based on stakeholder theory, The application system of the risk prevention in Maritime Silk
6 relevant behaviors of stakeholders in Road includes three aspects: international level, government
the marine Silk Road are obtained level and firm level

Second, to use big data technology to real-time monitor the sea channel situation (C9), to set up
investment risk assessment system (C14), to establish and improve the insurance system (C15), and
to strengthen the construction and cooperation of marine military power (C16) constitute the second
layer of the ISM model. Under the influence of the international political environment, they reflected
in the process of Marine Silk Road. The construction and the cooperation of national marine military
power create a good external environment for enterprises [54]. The development and improvement
of the investment risk assessment system cannot only speed up the flow of venture capital, but also
increase the return rate of venture capital and reduce the investment risk of enterprises [55].
Establishing a good insurance system is an urgent requirement and realistic choice for enterprises to
achieve sustainable development [56]. In short, the scientific and accurate evaluation of the project is
the starting point of venture capital investment, and reasonable risk diversification through the
insurance system is an important means for enterprises to reduce risks.

A stable international political environment is a guarantee for countries to take an active part in
marine governance. The common development of the international economy is the material basis for
marine risk prevention. To establish disaster monitoring and early warning system (C1), to promote
the information construction of marine pollution monitoring technology development (C6), to
promote the development of intelligent ship (C8), standardization and automation of ship’s operation
(C11) are in the third level of the ISM model, the four prevention methods are for marine traffic and
weather disaster risk, they are under the influence of international politics and economy. The
establishment of major international cooperative research programs is of great significance for
conducting research on marine disasters across national boundaries and formulating plans for
disaster prevention and mitigation [57]. In addition, due to the short period of time to reduce
pollutants being unrealistic, there should be money available for the construction of pollution
treatment facilities and to establish an ecological pollution treatment system [21], and due to the
national economic development levels being different, the protection of the marine ecological
environment and construction must be joint efforts. Thus, the international economic governance is
the development level of marine material guarantee of the problem.
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The construction of an intelligent information sharing platform for disasters (C2), the intelligent
optimization of marine pollution control methods (C7), and the intelligent optimization of marine
pollution control methods (C19) are at the second-to-last level of the ISM model. These three methods
are all prevention methods considering the marine environment. Marine climate disaster prevention
is the basic premise of ship navigation, and marine environmental protection is an important
guarantee for the sustainable development of the Marine Silk Road [58]. These three methods are also
affected by economy, international environment, and international cooperation. Economic and
technological development can establish a disaster information sharing platform and provide
sufficient financial support. A stable international environment and close international cooperation
can give full play to the advantages of each country, improve the efficiency of marine environmental
protection, and reduce the cost of marine environmental protection [57].

Marine meteorological professional and technical personnel training (C3), accelerating the
development of ship power clean energy (C4), construction of marine natural barrier (C5),
standardization, automation of ship’s operation (C10), and to promote the development of financial
derivatives and banking (C13) are in the last level of the ISM model. These four methods continue to
be affected by economic factors and social factors comprehensively. At the same time, social, political,
and economic development is also affected by the talent energy. The production cost of vessel clean
energy is much higher than that of conventional energy [59]. The proportion of fixed assets
investment required for ship automation and smart port construction is large and the cost of
technology research and development is high, which is easily restricted by the national economic
development level. At the same time, the investment, operation and management of equipment assets
such as power transmission network in clean energy projects need a stable social and political
environment, which is also affected by the international political environment. Meanwhile, the stable
development of the financial industry and banking industry also require a stable social environment
and economic order [34]. As the effect of public meteorological service are apparent, and the basis of
a series of changing environmental services require the participation and support of public
meteorological talent, cross-cultural communication is helpful to promote the public meteorological
service personnel to quickly absorb the relevant knowledge and applying scientific research to
specific business practice, guide the perspective of national scientific research institutes to research
into the international field of time, for the development of public meteorological talents with an
advanced knowledge base to provide support. In short, it will take a long time to achieve intelligent
technology innovation, clean energy development, marine biological protection, and professional
personnel training, based on a stable international environment and close international economic
cooperation.

In order to understand the theoretical system in this paper, we further develop an application
system based on the Marine Silk Road intelligent prevention system. This system, based on the
stakeholder theory, carefully designs the relevant behaviors of stakeholders in the Marine Silk Road,
as shown in Figure 4.
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Figure 4. Application of the intelligent risk-prevention system of Marine Silk Road.

The model can be divided into three levels: international level, government level and company
level. First, WMO can develop the observation network of the global marine operations project,
maintain, coordinate and fully integrate the ocean observation system [45]. International cooperation
organizations for disaster reduction can launch the “Marine Silk Road” Marine disaster risk
assessment and scientifically delimit key marine disaster protection zones [57]. International
economic organizations such as APEC could collaborate on projects to provide technical assistance
to less able countries [60]. In addition, the International Maritime Organization may issue a license to
regulate the marine behavior of states. Second, the levels of government include national ministries
of foreign affairs and coastal defense, as well as national environmental agencies, energy control
centers and national education departments. The state’s foreign affairs and coastal defense
departments should formulate a reasonable foreign policy and defense system to provide a stable
domestic and international environment for the development of the Marine Silk Road.

The national environment administration and the energy control center can control national
pollution emissions and develop new energy based on financial and technical support [59]. At the
same time, the education and publicity of national educational institutions can enhance the national
awareness of marine protection and provide professional talents for the development of new energy
[61]. Finally, countries’ financial institutions, transport companies and shipbuilders form the third
tier. The production capacity and manufacturing technology of shipbuilding enterprises are the
source of ship safety. The improvement of transport capacity is also an important link to ensure the
smooth production of shipbuilding enterprises. An insurance institution, as a third party enterprise,
may conclude an insurance contract with the enterprise to provide a basis for the settlement of
accident disputes and insurance claims.

6. Conclusions

To explore an effective risk prevention system for the Marine Silk Road, this paper establishes a
hierarchical theoretical framework and explores the application of an intelligent prevention system.
However, this hierarchical theoretical framework must exclude unnecessary attributes and consider
the interrelationships between the aspects and the criteria. Compared with the previous studies, this
article addresses severe climate risks, risks of marine environmental pollution, marine traffic safety
risk, financial risk, and social and political risks. This paper not only constructs the intelligent
prevention method system of the Marine Silk Road and provides the interaction between methods
and hierarchical influence path under the framework, but also develops the application system based
on this method system according to the stakeholder theory.
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The Fuzzy-DEMATEL-ISM integration method is adopted to analyze the interaction between
intelligent risk prevention methods of the Marine Silk Road and determine the intensity of the
interaction. Cooperation between countries and the design of top-level legal system are the most
important ways to prevent the political risk of the Marine Silk Road. The establishment of a sound
insurance system is the premise to obtain comprehensive economic effects. In addition, the use of big
data technology is an important way to upgrade the traditional prevention methods. However,
various methods, including environmental and ecological protection, play a relatively limited role in
risk prevention for the Marine Silk Road, which is affected by international legal norms and the level
of economic development. Finally, the application system developed in this paper can provide some
behavioral guidance to stakeholders of the Marine Silk Road in a clear and intuitive way.

This article still has some limitations. First, although we have established a system of prevention
methods, we cannot avoid the fact that some methods may still be missed and can be further explored
and improved upon in the future. Second, the influence relation and degree of indicators are
processed and analyzed based on the data provided by experts. Although the fuzzy set theory is used
to solve the problem of subjective deviation of experts, there are still errors that are difficult to
eliminate completely, which may have a certain impact on the research results. In addition, other
statistical tools, such as a structural equation model, can be used in this study to explore more
influencing factors and conduct further statistical verification of this model.
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