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Abstract: This study puts forward a set of comprehensive prevention strategies for supply chain disruption risk. The risk
assessment model based on fuzzy logic and Bayesian network is adopted to accurately identify supply chain disruption risk.
This study focuses on the application of diversified procurement strategy and information sharing and collaboration strategy
in preventing supply chain disruption, and emphasizes the importance of expanding supplier network, establishing transpar-
ent information platform and promoting collaboration among partners. The study found that these strategies can effectively
improve the flexibility and resilience of the supply chain and reduce the negative impact of disruption risk. Through theo-
retical analysis and case study, this paper provides practical guidance and theoretical support for enterprises to cope with
supply chain disruption, which is of great significance for optimizing supply chain management and improving enterprises’
anti-risk ability.

Keywords: supply chain disruption, risk identification, preventive strategy, information sharing, collaborative management

1. Introduction

With the in-depth development of globalization, supply chain management has become a key link of enterprise operation.
However, the risk of supply chain disruption is like a sword of Damocles hanging over the head of enterprises, which
may cause significant losses to enterprises at any time. In recent years, various natural disasters, political turmoil, market
demand fluctuations and other factors have frequently caused supply chain disruptions, which have brought unprecedented
challenges to enterprises. The purpose of this study is to identify the risk factors of supply chain disruption and put forward
corresponding prevention strategies, in order to provide references for enterprises to build a more robust supply chain
system. Through in-depth analysis of prevention mechanisms such as information sharing and collaborative management,
this study tries to contribute new perspectives and methods to supply chain disruption risk management.

2. Characteristics of supply chain disruption
2.1 Abruptness and unpredictability

The suddenness and unpredictability of supply chain disruption is undoubtedly one of its most important characteristics.
In the context of globalization, supply chain systems are complex, and sudden changes in any link can trigger a chain
reaction that paralyses the entire supply chain. Such suddenness is often the result of a the interweaving of natural disasters,
political instability and economic volatility, and its unpredictability is reflected in the timing, location and scope of events.
The suddenness and unpredictability of supply chain disruption can be seen in many ways: natural disasters, human factors
or policy and regulatory changes can lead to logistics disruption, leading to market supply and demand demand imbalance,
rising inventory costs and lagging responses to increased demand for alternatives. Meanwhile, upstream supplier crises
such as raw material shortage, rising costs and quality issues can quickly spread downstream businesses and affect the
entire industry chain. In the entire system!'!, such disruptions can exacerbate the bullwhip effect, leading to instability and
expansion demand fluctuations supply chain. Therefore, a thorough understanding of these characteristics is essential for the
development of effective prevention strategies.

2.2 Chain reaction and diffusion

The ripple effects and diffusion of supply chain disruption occur mainly in the following ways: when a link is interrupted,
its effects are not limited to a single node, but flow down the supply chain like a domino effect®’. For example, the shutdown
of a key component may result in the non-functioning of downstream assembly plant, which in turn affects the delivery of the
final product. This disruption is characterised by cross-industry spread, with supply chain problems in one sector affecting
even seemingly unrelated sectors where suppliers are based. For example, a shortage of auto parts could affect the electronics
industry, since some electronics are also used in car manufacturing. Geographical diffusion is also evident, as supply chain
disruptions in a region can affect global markets through international trade networks, such as port congestion, which can
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cause delays in global cargo shipments. These knock-on effects and proliferation add complexity and urgency to the risk of
identifying and preventing supply chain disruptions.

2.3 Long recovery cycle and high cost

The long and costly recovery time from supply chain disruptions is a major challenge for businesses. Studies have
shown that after a typical supply chain disruption, the average cycle for an enterprise to return to normal operation can be
as long as several months or even more than one year®®. During this period, businesses not only face direct economic losses,
but also bear additional recovery costs. The following data table shows recovery cycles and cost estimates for different types
of supply chain disruptions:

Table 1. Recovery cycles and cost estimates for different types of supply chain disruptions

Disruption Type Recovery Period (Months) Direct Economic Loss (Million USD) Recovery Cost (Million USD)
Natural Disaster 6-12 5-10 2-5
Political Turbulence 4-8 3-7 1-3
Supplier Bankruptcy 3-6 2-5 1-2
Cybersecurity Attack 2-4 1-3 0.5-1.5

As can be seen from the table, different types of supply chain disruptions have different impacts on enterprises, but
the common point is that the recovery cycle is generally long and accompanied by huge economic burden. This long
recovery process and high costs not only test the financial resilience of enterprises, but also put higher requirements on their
supply chain management capabilities. Therefore, when dealing with supply chain disruption, enterprises must take effective
measures to shorten the recovery cycle, reduce costs, and ensure the stable operation of the supply chain.

3. Supply chain disruption risk identification
3.1 Risk identification methods

In the process of supply chain disruption risk identification, a comprehensive approach is adopted, that is, a risk
assessment model based on fuzzy logic and Bayesian network. The core of this approach lies in combining qualitative and
quantitative analysis to identify potential risk factors. Specifically, the research first determines the membership degree of
each risk factor through the expert scoring method, which can be expressed as follows:

n

U(x)= 3t (x)

i=1
Where, U (x ) represents the comprehensive membership degree of X of risk factors, 4 (x ) represents the membership
degree of X corresponding to the I evaluation level of W; and 7 is the weight of the fourth evaluation level. Then, the

Bayesian network is used to analyze the probabilistic relationship between the risk factors, and the conditional probability is
calculated by the following formula:

P(A|B)=%

Where, P (A | B ) represents the probability of event B occurring under the condition that event 4 occurs, P (AﬁB ) is
the probability that events 4 and B occur simultaneously, and P (B ) is the probability that event B occurs. Through this

method, the research can effectively identify and evaluate the risk of supply chain disruption, and provide scientific basis for
the subsequent risk prevention strategy.

3.2 Risk factor analysis

There are various risk factors for supply chain disruption, and the mechanism of impact of each factor on supply
chain is different. Natural disasters, such as earthquakes and floods, directly disrupt supply chain infrastructure, disrupt
transportation routes, disrupt the supply of raw materials and stall production activities, thereby affecting the production
and delivery of products®. Human factors such as strikes, terrorist attacks and operational failures can lead to factory
shutdowns, port closures or transportation delays, disrupting supply chain disruptions and preventing timely demand.
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Changes in policies and regulations, industry policies, tariff adjustments and environmental protection laws and regulations
may increase the operating costs of enterprises, restrict the import of certain raw materials and affect the cost structure and
market competitiveness of products. Economic fluctuations, exchange rate changes, inflation and other economic factors will
affect raw material prices and transport costs, leading to higher supply chain costs and lower profit margins. Technological
change: The emergence of new technologies may lead to the obsolescence of existing products or processes. If supply chain
do not adapt to technological changes in a timely manner, products may not be able to meet new market demands, leading
to disruptions in supply chain disruption. Supplier dependence, excessive reliance on a single supplier, if supplier problems,
will directly affect the stability and continuity of the entire supply chain. These risk factors interact, and fluctuations in any
chain can have a chain reaction effect throughout the supply chain. Identifying these factors and taking appropriate measures
are therefore key to preventing supply chain disruption.

Table 2. Risk factors analysis table

Occurrence Probability Impact Degree (Low/ Risk Level (Low/

Risk Factors  “ Medium/High) Medium/High) Medium/High) Example Response Measures
Natural . . . Diversify suppliers, establish emergency
Disasters Medium High High inventory, purchase insurance
Political . . Diversify supplier geographical locations,
Unrest Low High Medium establish political risk assessment mechanisms
Supplier Diversify procurement, regularly review supplier
Ba ]pp i Medium Medium Medium financial status, establish a list of alternative
ptcy suppliers
Cybersecurit Strengthen cybersecurity protections, conduct
y Attacks y High Medium High regular security audits, establish emergency
response mechanisms
Economic - . . Hedge currency risk, optimize cost structure,
Fluctuations High Medium High flexibly adjust supply chain strategy
Technological Continuously invest in R&D, maintain
Changgs Medium High High technological collaboration with suppliers and

customers, establish technology reserves

Resulato Establish policy monitoring mechanisms,
g Y Medium Medium Medium flexibly adjust supply chain layout, maintain

Changes good communication with the government
Human Establish labor relations management
Factors Low High Medium mechanisms, develop emergency production
(Strikes) plans, diversify labor sources

3.3 Risk level assessment

Evaluating risk levels involves a methodical and thorough procedure. It’s essential for businesses to thoroughly gather
data on their supply networks and pinpoint potential hazards like natural calamities and political unrest. Through examining
historical data, analyzing expert views, and simulating scenarios, the potential and effects of risk are thoroughly examined.
Evaluating probability centers on the likelihood of risk happening, whereas assessing impact involves examining both the
direct and indirect effects of risk on the supply chain. The degree of capability and impact is categorized into three tiers:
“low”, “medium”, and “high”, with each risk level being ascertained through cross-comparison. Take, for instance, a natural
disaster with a “medium” likelihood and a “high” impact level; the associated risk level is also “high”. The company plans to
compile the evaluation outcomes into a risk assessment document, encompassing details of risk, probability, extent of impact,
degree of risk, and suggested counteractions. This method assists firms in pinpointing the risks that require prioritization and
prevention. By conducting this evaluation, companies can develop appropriate preventive measures against “high risk” risks,
including supplier diversification, emergency inventory creation, etc., to minimize supply chain disruptions and maintain
supply chain stability.

4. Supply chain interruption prevention strategy

4.1 Diversified procurement strategy

In view of the potential threat of supply chain disruption, diversified procurement strategy has become an important
means for enterprises to build anti-risk ability. The core of this strategy is to reduce the dependence on a single supplier
by expanding the supplier network, so that when there is a problem in a certain part of the supply chain, it can quickly
switch to other suppliers to ensure the continuity of material supply. Enterprises should choose geographically dispersed
suppliers to avoid concentrating in high-risk areas; Increase the number of suppliers, form a competitive and cooperative
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relationship, reduce the dependence on a single supplier; Comprehensively evaluate the risk resistance ability of suppliers,
and preferentially select suppliers with sound financial, stable production and efficient logistics; Diversify products by
sourcing similar products from different sources; Establish long-term relationships with key suppliers and develop risk
response plans; Review supplier performance regularly and adjust supplier list according to actual situation. Through these
measures, enterprises can improve the flexibility and stability of the supply chain, and effectively prevent the risk of supply
chain disruption. The application of this strategy not only improves the flexibility and resilience of the supply chain, but also
provides a solid guarantee for enterprises to cope with market fluctuations and emergencies, reflecting the forward-looking
and strategic risk management of enterprises.

4.2 Inventory management optimization strategy

Considering the possible risk of supply chain interruptions, a varied procurement approach has emerged as a key
strategy for companies to enhance their resilience against risks. At the heart of this approach lies the aim to lessen reliance
on just one supplier through the enlargement of the supplier network, enabling swift transitions to alternative suppliers
in response to supply chain issues, thereby maintaining uninterrupted material availability. Businesses ought to opt for
suppliers spread across various locations to prevent clustering in areas of high risk; Boost the supplier count, establish
a competitive and collaborative bond, and lessen reliance on just one supplier; Thoroughly assess suppliers’ capacity to
resist risk, favoring those with robust financial health, consistent production, and effective logistics; Variety products by
sourcing alike items from diverse origins; Form enduring partnerships with principal suppliers and formulate strategies
for risk mitigation; Regularly evaluate supplier efficacy and modify the supplier roster based on real-world scenarios. By
implementing these strategies, companies can enhance the supply chain’s adaptability and steadiness, thereby significantly
reducing the likelihood of supply chain interruptions. Implementing this approach enhances the supply chain’s adaptability
and robustness, while also offering a firm assurance for businesses to manage market volatility and crises, mirroring their
proactive and strategic approach to risk management.

4.3 Information sharing and coordination strategies

Information sharing and collaboration strategies are particularly important in addressing the challenges of supply chain
disruption by establishing transparent and mutually beneficial information exchange platforms to enable close cooperation
among enterprises at various points in the supply chain. The implementation of information-sharing and coordination
strategy is key to maintaining transparency in supply chain. Businesses need to establish supply chain information sharing
systems to support the collection, processing and transmission of real-time data. In this system, all supply chain partners
have access to key data such as raw material purchases, production schedules, inventory status, logistics and distribution
information. In order to ensure the effectiveness of information sharing, clear data-sharing protocols should be established,
specifying the content, frequency and modalities of data sharing. The application of blockchain technology can improve
the immutability of data and the reliability of information sharing. By implementing standardized data formats, the system
between different enterprises can be seamlessly docked and the error of information transmission can be reduced. Regular
supply chain meetings were held to enhance face-to-face communication and promote confidence-building and strategic
synergies among partners. In the area of information security, sensitive information is protected from unauthorized access
through advanced encryption technology and strict licensing controls. Establish emergency response mechanism to inform
interested parties through information-sharing platforms as soon as potential disruption risk are identified to facilitate rapid
response and collaborative response. Through these measures, information sharing in the supply chain not only achieves
transparency, but also provides a solid basis for timely decision-making and risk prevention.

5. Conclusions

Through the in-depth analysis of supply chain disruption risk, this study puts forward a set of systematic identification
and prevention strategies. The risk assessment model based on fuzzy logic and Bayesian network provides a quantitative tool
for identifying potential risk factors. The important role of information sharing and collaborative management in preventing
supply chain disruption is emphasized, and the construction of information platform and the operation of collaborative
mechanism are discussed in detail. The article points out that through real-time information exchange and resource
coordination, enterprises can effectively predict and respond to supply chain risks, and improve the overall anti-risk ability.
Finally, the research results are summarized, and some suggestions are put forward on how to implement these strategies.
In general, this study not only provides theoretical support for enterprises to cope with supply chain disruption, but also
provides a useful reference for the practice of supply chain management.
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