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Abstract
With the high development of today's social economy, the division of labor between the industrial chains is becoming more and more clear, and major auto companies cannot produce all the parts and components required by their own products. They must cooperate with their upstream and downstream companies to produce and implement supply. Chain management, so as to complete the company's production tasks. With the development of the automobile industry entering a peak period, it has also prompted the rapid development of supporting enterprises and consolidated the links between different enterprises in the automobile supply chain. With the rapid development of logistics and global procurement, the suppliers needed by an automobile company may be scattered all over the world, which makes the security of the supply chain network relatively fragile. Various global natural and man-made disasters will increase supply chain risks. Therefore, it is particularly important to identify, assess and control risks throughout the supply chain.
By analyzing various relevant literatures, this paper conducts research activities for automobile enterprises, uses the SCOR model to conduct in-depth analysis of the survey results, and then conducts in-depth research on the actual cases of related enterprises, and builds a risk identification model suitable for the automobile industry. Based on the SCOR model, a targeted risk identification study is carried out on the entire supply chain, and the actual risk factors are divided into five categories, namely strategic planning risk, procurement risk, manufacturing risk, distribution risk, and return risk. Based on the risk identification of the above five stages, the FUZZY-AHP model is introduced to assess the risk and draw corresponding conclusions.
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1. INTRODUCTION
[bookmark: _Toc18009][bookmark: _Toc30009][bookmark: _Toc17171][bookmark: _Toc28846][bookmark: _Toc13082][bookmark: _Toc31582][bookmark: _Toc6703][bookmark: _Toc31937][bookmark: _Toc25228]1.1 Background
In recent years, the automobile industry has gradually become one of the important pillar industries in China, which has greatly stimulated the growth of China’s economy. With the globalization of the economy and the widespread application of information technology in the automobile manufacturing industry, some enterprises have begun to adopt supply chain management and have achieved some advanced results. Today, China has become the largest producer of automobiles, and the automobile supply chain has already developed into a global supply chain. It takes more than 10,000 parts to produce a car, and these parts may come from different countries and regions. Thousands of suppliers, as long as one part cannot arrive on time, even if it is just a screw, it will cause the whole vehicle to stop production. In addition, the automobile manufacturing industry has the characteristics of complexity, so its risks are rife.
In 2001, the "9/11" incident in the United States caused major damage to the parts supply chain system of automobile manufacturing companies such as Toyota and Ford, which in turn caused the production line to fail to operate normally. In 2008, in order to develop new energy vehicles, Tesla fell into a financial crisis in the supply chain, and was on the verge of bankruptcy several times. In 2011, a major earthquake in Japan forced many automakers, including Toyota, to halt production for up to six months. In 2018, a fire at Ford's key parts supplier shut down three plants, forcing the shutdown of Ford's "American lifeline", the F-150, across the board. In 2020, the automobile supply chain was greatly impacted by pandemic. For example, in February, Mercedes-Benz had to send a letter to the Tianjin government because it could not bear the daily losses of up to 400 million, requesting approval for 19 suppliers in Tianjin to resume work; Furthermore, Kia, Hyundai, SsangYong, GM Korea and Renault Samsung, the five major OEMs in South Korea, all experienced problems such as factory shutdowns to varying degrees due to insufficient supply of Chinese parts; The isolation policy has also caused a decline in China’s total car sales in the short term, resulting in an increase in vehicle inventory.
It can be seen from the above examples that the automotive supply chain faces various risks, and there are surprises and uncertainties at any time. Problems in any link in the supply chain may put the entire supply chain in a state of crisis. Based on this, how to identify risk factors in the automotive supply chain, control the occurrence of risks, and promote the healthy operation of the supply chain has long been a research hotspot of scholars at home and abroad and a problem that enterprises cannot wait to solve. Therefore, this paper conducts an in-depth study of the risks that may occur in the operation of the passenger vehicle supply chain, and evaluates the above risks on this basis, which is beneficial to automobile manufacturers to avoid risks in a timely and reasonable manner and promote the sound and orderly development of the automobile industry.
[bookmark: _Toc4537][bookmark: _Toc4773][bookmark: _Toc12439][bookmark: _Toc16808][bookmark: _Toc895][bookmark: _Toc28073][bookmark: _Toc17621][bookmark: _Toc16847][bookmark: _Toc10842]1.2 Research aim and objectives
Supply chain risk is due to the fact that materials flow through the supply chain through many production and distribution enterprises to users, resulting in business flow, logistics, and information flow, involving transportation, storage, loading and unloading, handling, packaging, circulation processing, distribution, information processing and many other processes. Problems in any of these links will create risks in the supply chain and affect its normal operation.
On the basis of supply chain management theory and risk management theory, this project uses a combination of qualitative and quantitative methods to explore the risk of automotive supply chain. The research is divided into parts below:
First, the relevant theoretical concepts should be defined and summarized, and the supply chain management theory is deeply analyzed and the concept and content of supply chain risk management are discussed in detail.
Second, according to the structure and characteristics of the supply chain of Chinese passenger car enterprises, the risk factors are initially identified from six aspects of the internal operation of the supply chain, including the logistics layer, the capital layer, the information layer, the technical layer and the cooperation layer, as well as the external risks of the passenger car supply chain. Finalize passenger vehicle supply chain risk factors.
Third, developing a model for risk assessment based on the empirical analysis. Identifying risks according to SCOR model, and then using questionaire, AHP-FUZZY for data collection and analysis.
Fourth, providing a set of potential recommendations and measure for risk prevention inside and outside automotive supply chain.
[bookmark: _Toc25288][bookmark: _Toc31646][bookmark: _Toc4966][bookmark: _Toc16370][bookmark: _Toc21195][bookmark: _Toc3169][bookmark: _Toc22328][bookmark: _Toc14730][bookmark: _Toc11338]1.3 Research methods
Based on the research experience of experts and scholars in the past, this project systematically summarizes the research methods on the risk factors of automobile supply chain. The main research methods used in this paper are as follows:
(1) Literature review method: The automotive supply chain has always been a research hotspot for scholars. In the process of reading related literature, this paper sorts out the content, absorbs the research essence of scholars, and forms own theoretical framework.
(2) Using the questionnaire survey method, according to the identification of the risk factors of the automobile supply chain, the questionnaire is designed, issued and collected, and then the results of the questionnaire are statistically sorted to confirm the risk factors of the automobile supply chain.
(3) Empirical research: Select a representative sample for research, and bring it into the evaluation model according to the real data, and draw conclusions that are instructive to the enterprise.
(4) Mixed method of qualitative and quantitative analysis: The qualitative analysis of this paper is reflected in the elaboration of relevant theories and the analysis of the structure and characteristics of the automotive supply chain; the quantitative analysis is mainly carried out by collecting actual data and establishing a fuzzy comprehensive evaluation model to assess the risk factors.


[bookmark: _Toc27781][bookmark: _Toc26647][bookmark: _Toc32384][bookmark: _Toc11370][bookmark: _Toc4314][bookmark: _Toc5860][bookmark: _Toc1071][bookmark: _Toc11343][bookmark: _Toc21015]2. LITERATURE REVIEW
[bookmark: _Toc25891][bookmark: _Toc4091][bookmark: _Toc6746][bookmark: _Toc25865][bookmark: _Toc32306][bookmark: _Toc29205][bookmark: _Toc5942][bookmark: _Toc8569][bookmark: _Toc19712]2.1 Introduction
The field of automotive supply chain has always been a research hotspot for scholars. Different scholars have different starting points and perspectives. The aim of this chapter  is to review research on automotive supply chain risk. Analysing  the previous literature, the research status is divided into the following two aspects: the research status of supply chain risk and the research status of supply chain risk management.
[bookmark: _Toc29703][bookmark: _Toc12858][bookmark: _Toc3621][bookmark: _Toc13013][bookmark: _Toc5884][bookmark: _Toc5671][bookmark: _Toc5032][bookmark: _Toc18496][bookmark: _Toc1920]2.2 Risk of Supply Chain
Risks are everywhere in real life, and risks originate from various uncertain factors in reality. It is generally considered  that: risk refers to the deviation of the actual situation of an event from the expected situation, resulting in a loss, which is expressed as an absolute reduction in the actual value or a relative reduction and loss of opportunity, and this deviation or The emergence of differences is sometimes uncertain. The concept of risk has two levels: first, risk means loss, or failure to achieve the expected target value; second, the occurrence of such loss is an uncertain random phenomenon. Shapira and March (1987) first proposed the concept of supply chain risk, they believe that supply chain risk refers to the possible changes brought about by the output, possibility and subjective value of the supply chain. Jütter et al.(2003) define it as: the likelihood and impact of an imbalance between supply and demand. Generally, supply chain risk refers to the possibility of destroying or preventing information or products from becoming final products during the operation of the supply chain, causing the actual benefits of supply chain enterprises to deviate from the expected benefits. For enterprises, supply chain risk is a potential threat. It will evolve into a fact at an uncertain moment, causing losses to upstream and downstream enterprises and the entire supply chain, ranging from loss of corporate property to corporate destruction.
Supply chain risk also has the generality of risk. It refers to various uncertainties that may adversely affect the supply chain, it is a potential loss and exists throughout the supply chain. According to Ho et al.(2015), supply chain risk is a potential threat to the supply chain, which will lead to the fragility of the supply chain system, cause damage to the supply chain system, and bring losses and harm to upstream and downstream enterprises and the entire supply chain. Each node enterprise in the supply chain is closely connected, interdependent, and affects each other. The risk loss of a node enterprise will quickly spread throughout the entire supply chain and affect the overall performance of the supply chain.
[bookmark: _Toc13011][bookmark: _Toc2367][bookmark: _Toc15725][bookmark: _Toc20958][bookmark: _Toc28975][bookmark: _Toc6183][bookmark: _Toc11138][bookmark: _Toc14969][bookmark: _Toc991]2.1.1 Characteristics of Supply Chain Risk
Supply chain risk has many characteristics. Colicchia and Strozzi (2012) proposed that supply chain risk is full of uncertainty and objectivity. Yang (2009) said risks that can arise at any time showed the complexity of supply chain. According to scholars' viewpoints, the characteristics of supply chain are summarized as follows.
(1) Objectivity: A large part of supply chain risks are caused by natural disasters such as earthquakes and floods in nature and wars and conflicts in the social environment, which are not based on human will. It exists objectively and has a certain degree of objectivity.
(2) Uncertainty: It is precisely because the objectivity of risk determines its uncertainty that people cannot accurately know when, where, and in what form the risk will appear, and the degree and scope of its harm. However, after mastering enough data, it is possible to infer the changing trend of risks according to the potential laws of certain risks, so as to make risk warnings.
(3) Complexity: Enterprises in the supply chain are not independent, and the cooperation between enterprises is complicated, which leads to the ever-changing forms of risks in the supply chain. This is also the main reason for the poor forecasting and handling of supply chain risks.
(4) Dynamic transitivity: The chain structure of the supply chain determines the close connection between upstream and downstream enterprises, and the cooperative enterprises and upstream and downstream enterprises depend on and influence each other. When a risk occurs, the "bullwhip effect" will transmit the initial risk downward and continue to enlarge, which is a characteristic of the supply chain system and a weakness of it.
[bookmark: _Toc30690][bookmark: _Toc1923][bookmark: _Toc19998][bookmark: _Toc21415][bookmark: _Toc14314][bookmark: _Toc30337][bookmark: _Toc10569][bookmark: _Toc31110][bookmark: _Toc22307]2.1.2 Types of Supply Chain Risks
First, according to different risk sources, supply chain risk can be divided into endogenous risk and exogenous risk. Endogenous risk originates from the collaborative relationship between various actors within the supply chain. It is caused by the problem of collaboration between enterprises at various nodes in the supply chain, such as low transparency of information between enterprises, lack of mutual trust, wrong transmission of information and forecast deviation. Wait. Exogenous risks originate from many unexpected and uncertain factors in the external environment of the supply chain, including natural disasters, terrorist attacks and major epidemic diseases.
Secondly, according to different participants, supply chain risks can be divided into: supplier risk, manufacturer risk, wholesaler risk, retailer risk, logistics service provider risk, etc.
Thirdly, according to different supply chain risk management objects, supply chain risk can be divided into: reputation risk, technical risk, financial risk, etc.
In addition, from the perspective of supply chain enterprise functions, supply chain risks can be divided into: procurement risk, production risk, logistics risk, research and development risk, sales risk, etc.
[bookmark: _Toc31229][bookmark: _Toc24188][bookmark: _Toc31700][bookmark: _Toc11836][bookmark: _Toc373][bookmark: _Toc30602][bookmark: _Toc16732][bookmark: _Toc31866][bookmark: _Toc3825]2.1.3 Sources of Supply Chain Risks
(1) Supply chain risks originate from natural and social environments
[bookmark: bau0005]Gurtu and Johny (2021) demonstrate that supply chain risks mainly come from natural and human factors. Salamai et al. (2019) analyzed the causes of supply chain disruption risk from both internal and external factors, including natural disasters, human factors such as war, terrorism, and political and economic fluctuations. Internal factors include structural problems of the supply chain, technical problems, etc. Giannakis et al. (2016) believe that supply chain risks come from the natural and social environment.
(2) Supply chain risks are due to various uncertainties
[bookmark: baep-author-id1][bookmark: baep-author-id2]Simangunsong et al. (2012) believe that the risks of the supply chain come from three aspects: (1) Uncertainty in the supply chain. (2) Uncertainty in the production process. (3) Uncertainty of customer demand. Rajesh (2021) discusses that the risks of supply chain management mainly come from two aspects: (1) Uncertainty of supply chain. (2) Contradiction between enterprises in the supply chain system. The uncertainty of the supply chain includes the uncertainty between the node enterprises, the uncertainty within the node enterprise, the uncertainty of the market demand, and the uncertainty of the external environment. The contradictions between enterprises in the supply chain system include: the pursuit of the overall benefit of the supply chain and the pursuit of self-interest by a single enterprise, the contradiction caused by rights control, and the contradiction from trust and credit. By analyzing the uncertainty of the supply chain and its impact on inventory risk, Kim et al. (2005) proposed the implementation of centralized inventory control, which can collect demand, improve the accuracy of demand forecasting, and reduce the variability of demand, so as not to affect management. While reducing service levels, safety stocks are reduced to achieve risk sharing. Sodhi and GakSon (2009) first discussed the significance of establishing a supply chain partnership, followed by an in-depth analysis of the benefits and potential risks of the partnership for the entire supply chain, the implementation steps and key success factors of the partnership, and then discussed the partnership criteria and methods of selection are given. Finally, the preliminary discussion and thinking of constructing the theoretical framework of supply chain partner selection are given.
The sources of supply chain risks are presented in figure 2.1


[bookmark: _Toc14833][bookmark: _Toc13274][bookmark: _Toc8424][bookmark: _Toc14390]Figure 2.1 Sources of supply chain risks (Sharma and Bhat, 2014)
[bookmark: _Toc18640][bookmark: _Toc5765][bookmark: _Toc15268][bookmark: _Toc30448][bookmark: _Toc16080][bookmark: _Toc16765][bookmark: _Toc10889][bookmark: _Toc12089][bookmark: _Toc26021]2.2 Fundamentals of Risk Management
[bookmark: _Toc14188][bookmark: _Toc28898][bookmark: _Toc25615][bookmark: _Toc27952][bookmark: _Toc18633][bookmark: _Toc2837][bookmark: _Toc6927][bookmark: _Toc17208][bookmark: _Toc18177]2.2.1 Risk Management Definition
The germination of risk management ideas can be traced back to a long time ago, but as a systematic management science, the concept of risk management was first developed in 1930. Due to the emergence of the world economic crisis, economists turned their research focus to risk management, Dr. Solomon Schbner UL integrated the two concepts of "risk" and "management" into a new concept called "risk management" at the American Association of Insurance Brokers. With the continuous emergence of enterprise risks, various experts and scholars have strengthened their research on risk management theory. As an authority in this field, Arthur Williams Jr. believes that risk management is an emerging discipline that studies the law of risk occurrence and risk control strategies, and uses this theory to identify, evaluate and control the risks existing in various economic units, so as to use Minimal operating costs Minimize risks and losses to economic units.
Sanusi (2015) has discussed that in the process of operation and management, enterprises can avoid economic losses by using risk management, and may also increase the value of enterprises. Liebenberg (2011) believes that enterprise managers should take risk management as the focus of enterprise development, and take scientific and feasible control measures on the basis of enterprise risk identification and analysis to obtain maximum security. Olson (2010) believes that risk management is a scientific and reasonable management method. By establishing an effective supervision and control mechanism, enterprises can improve their ability to deal with risks in an uncertain economic environment.
The organization COSOI expresses risk management as a management tool, which not only needs to be used by senior managers of enterprises, but also by ordinary employees. In addition, enterprises should pay attention to and use risk management in the whole process of strategy formulation and daily operation to help enterprises achieve value growth and gain profits.
[bookmark: _Toc4882][bookmark: _Toc32522][bookmark: _Toc10294][bookmark: _Toc3884][bookmark: _Toc21394][bookmark: _Toc4253][bookmark: _Toc5083][bookmark: _Toc12494][bookmark: _Toc1684]2.2.2 Risk Management Theories
(1) Traditional risk management theory
Before 1990, it was recognized as the traditional stage of risk management theory. Traditional risk management theory regarded risk as a bad thing, and it was the study of pure risk, focusing on basic processes and measurement methods. Fayol (1916) mentioned in his work that business managers should combine several functions of business management with risk management. Hertz (1983) divides risk management into four steps, namely risk identification, risk measurement, initial risk assessment and reassessment. Sinclair (1984) studied the measurement methods and application fields of risk management theory, and got certain achievements. Hayes (1987) pointed out that risk management is an organic whole, consisting of three parts: risk identification, evaluation and analysis, and countermeasures. Vermon (1989) believes that on the basis of risk measurement in various economic units, risk management should be studied in combination with the uncertainty of risk sources. In general, the traditional risk management theory stage focuses on the management of a single risk, ignoring the interaction of multiple risk factors. In addition, the traditional stage pays more attention to the losses caused by risks, so management measures are adopted for ex-post control, and there is a lack of ex-ante control.
(2) Modern Risk Management Theory
After the 1990s, the outbreak of the financial crisis in Mexico and Asia made experts and scholars who study risk management realize that the crisis is caused by the interaction of multiple risk factors, and the theoretical research in the traditional stage can no longer solve the problem, so it has promoted the integration of The emergence of risk-based modern risk management theory.
The "Internal Control - Integrated Framework" formulated by the COSO Association in 1992 marked the transition of risk management theory from the traditional stage to the modern stage, making the research in the modern stage focus on the integrated risk theoretical system composed of risk management concepts, frameworks and evaluation tools. Kentd (1992) proposed that integrated risk management is to build a management system that can predict all risks and integrate and optimize on the basis of analyzing the overall risk. Miller believes that integrated risk management is an ongoing activity that should focus on pure and speculative risks in addition to the risks that have already occurred. In addition, the purpose of management includes not only reducing economic losses, but also increasing corporate profits. Meulbroek (2002) explained that integrated risk management is: in the process of enterprise risk management, it is mainly divided into three steps: identification, evaluation and control. Through the use of risk management systems, various risk activities are integrated to achieve management optimization and corporate value enhancement.
(3) Comprehensive Risk Management Theory
The comprehensive risk management theory was first applied to the field of enterprise management. In the process of operation and management, the enterprise takes the overall development goal as the starting point and implements the basic process of risk management to construct a set of organizational systems, business strategies and measures, information systems and internal Comprehensive risk management theory system including control system.
Haimes (1991) hasprovided one of the first definition of the concept of comprehensive risk management. He stated that it was necessary to use the risk system to control risk in the whole process of activities, and to find feasible solutions using probability of risk. In order to conduct comprehensive risk management assessment, the enumeration method is used to list potential risk factors, and then judges whether it will cause an impact and the degree of impact, so as to find out the deep-level risk factors. After the financial crisis, academia began to focus on the study of comprehensive risk management theory. The American Committee (2006) divided the comprehensive risk management theory into eight aspects. At the same time, it further explained the implementation points from four levels, namely group, department, Business Units and Branches. The COSO Committee (2016) pointed out that only by elevating risk management to the strategic height of enterprise development and integrating with the corporate culture can enterprises obtain profits, create value and achieve higher value goals. In addition, some research scholars also pointed out that human resources are a risk factor in comprehensive risk management, and people's thinking style, personal preferences, and physical and psychological qualities will all have a certain impact on the results of risk management.
[bookmark: _Toc19559][bookmark: _Toc31417][bookmark: _Toc26546][bookmark: _Toc31488][bookmark: _Toc26412][bookmark: _Toc4734][bookmark: _Toc22690][bookmark: _Toc10509][bookmark: _Toc32478]2.2.3 Risk Management Process
Beohm's (1991) has pointed out that risk management is mainly composed of two aspects : evaluation and control. Among them, the evaluation includes risk identification, sorting and assessment, and risk planning, early warning, monitoring and regulation are the work content of risk control. Cooper et al.(2005) divide risk management into four aspects: risk identification, evaluation, early warning and adjustment. The US Systems Engineering Institute (SEI) believes that risk identification, analysis, planning, tracking, control and communication are the six processes of engineering project risk management. From the perspective of enterprise operation, Tummalal (2021) pointed out that risk formation mechanism, identification, assessment, early warning and control are five steps in the risk management process. Wilson (1991) has divided the risk management process into four processes based on the definition of the Bank for International Settlements, namely risk identification, measurement, evaluation, reporting, and control.
Academia agrees that the process of risk management mainly includes identification, evaluation and control. For different risk subjects and risk types, the focus of the risk management process will also be different. When applying risk management, it is necessary to use not only scientific mathematical methods and statistical principles, but also non-quantitative methods such as leadership and management qualities. Figure 2.2 presents the process of risk management.


[bookmark: _Toc10291][bookmark: _Toc6341][bookmark: _Toc3573][bookmark: _Toc14478]Figure 2.2 The process of risk management (Gurtu and Johny, 2021)
Supply chain risk analysis: Risk analysis mainly includes three parts. Risk analysis is first to identify risks. Through the analysis of the internal and external environment, a preliminary understanding of the factors that may cause damage to the operation of the supply chain is carried out. The second is risk assessment, including the possibility, frequency, predictability and cause of a single risk. In the assessment of the consequences, it is also necessary to assess the degree of correlation and interaction between the various risks; the last is to assess the risk, and use scientific management methods under conditions. 
Supply chain risk control: The core of supply chain risk control is the implementation of risk management measures. Another content of supply chain risk control is risk early warning, that is, real-time monitoring of supply chain risks, so as to predict the risks that may occur in advance. Node companies in the supply chain make early warnings.
[bookmark: _Toc29878][bookmark: _Toc14305][bookmark: _Toc15052][bookmark: _Toc25482][bookmark: _Toc14308][bookmark: _Toc19190][bookmark: _Toc22427][bookmark: _Toc31477][bookmark: _Toc8262]2.3 Current State of the Risk Management of Automobile Supply Chain
Research on automotive supply chain risk mainly focuses on upstream suppliers. Desmond et al. (2007) explored the impact of modularity in the automotive supply chain, focusing on lean production suppliers. The research objective of Blackliurst et al. (2008) is the parts suppliers of automobile manufacturing enterprises. Based on the survey of suppliers, the supply chain risk is identified, and then a scoring system is established to evaluate the supplier's risk index. Trkman et al. (2009) established a model study of the supply chain under the unstable environment of the automobile industry, and the results proved that the uncertainty of the supply chain environment, including internal and external environments, has an impact on the overall structure and benefits of the supply chain larger. Wagner et al. (2012) proposed JIS risk management. After analyzing the actual production data of 14 German auto industry companies, they compared the differences in different delivery concepts of auto manufacturing companies and found that the coupling degree in the auto supply chain is the highest. The delivery method is just-in-time sequential supply delivery. Koblen et al. (2015) also focused on investigating the mid- and upstream parts suppliers of automobile manufacturers, identifying supply chain supply risks on this basis, and then establishing a dynamic multi-criteria scoring system to evaluate supply quotient risk occurrence probability. Kiani (2016) selected an automobile company in Thailand to conduct a field interview and survey, and mainly used pre-assessment and quick-sort methods to measure supply chain risk.
If possible you should include a section on Gaps Identification. This section will describe your own thoughts about what is missing from the existing research of Supply chain risks.
[bookmark: _Toc29137][bookmark: _Toc28034][bookmark: _Toc13258][bookmark: _Toc10130][bookmark: _Toc17939][bookmark: _Toc8198][bookmark: _Toc10752][bookmark: _Toc529][bookmark: _Toc18106]2.4 Summary
In general, due to the current development of economic globalization, automobile manufacturing relies on cooperation between countries, so its supply chain is very complex, and it also attracts the attention of scholars. In the past, scholars mainly studied the risk of automobile supply chain through qualitative methods, and proposed corresponding methods to deal with it by analyzing the source of risk. The disadvantage of qualitative research methods is that they cannot focus on identifying risks, so research needs to introduce quantitative methods. In view of the lack of previous research, this paper uses a combination of qualitative and quantitative methods to identify and evaluate automotive supply chain risks, find the important risk sources that companies need to focus on, and improve the ability to ensure the normal operation of the supply chain.


[bookmark: _Toc13952][bookmark: _Toc4062][bookmark: _Toc27457][bookmark: _Toc32412][bookmark: _Toc31602][bookmark: _Toc26988][bookmark: _Toc10816][bookmark: _Toc9437][bookmark: _Toc16073]3. RESEARCH METHODOLOGY
[bookmark: _Toc32197][bookmark: _Toc16814][bookmark: _Toc1529][bookmark: _Toc31095][bookmark: _Toc19030][bookmark: _Toc17750][bookmark: _Toc32324][bookmark: _Toc19215][bookmark: _Toc25755]3.1 Introduction
This chapter mainly introduces some methods used for research, SCOR model, AHP and Fuzzy Comprehensive Evaluation. SCOR model is usually used to select risk index in automobile supply chain, which consists of plan, source, make, deliver and return. We can choose correct risk factors on the basis of SCOR model, and a correct, comprehensive risk system is the most important for risk evaluation. AHP and Fuzzy Comprehensive Evaluation can be applied together, because every risk factor’s weight value must be calculated by AHP and then the weight value also play a role in Fuzzy Comprehensive Evaluation.
[bookmark: _Toc5115][bookmark: _Toc8544][bookmark: _Toc17637][bookmark: _Toc9777][bookmark: _Toc2279][bookmark: _Toc32023][bookmark: _Toc22932][bookmark: _Toc815][bookmark: _Toc13190]3.2 SCOR model
SCOR (Supply-Chain Operations Reference-model) is a cross-industry standard on supply chain management developed and authorized by SCC (Supply-Chain Council). In the spring of 1996, two consulting firms in Boston, Pittiglio Rabin Todd & McGrath (PRTM) and AMR Research (AMR), took the lead in establishing the Supply Chain Association in order to help enterprises better implement an effective supply chain and realize the transformation from functional management to process management. (SCC), and released the Supply Chain Operation Reference Model (SCOR) at the end of 1996, and completed SCOR version 3.1 and 4.0 in 1999. It has been upgraded to version 6.1. The following introduces the supply chain SCOR model based on the views of various scholars:
[bookmark: _GoBack]SCOR is the first standard supply chain process reference model. Its basic idea is to integrate business process reengineering, benchmarking and best business analysis into a multi-functional and integrated model structure. It is a diagnostic tool for supply chain. It covers all industry. SCOR enables enterprises to accurately communicate supply chain issues, objectively evaluate their performance, determine performance improvement goals, and influence future supply chain management software development. A process reference model typically includes a set of process definitions, metrics, and benchmarks to help companies develop strategies for process improvement. SCOR was not the first process reference model, but it was the first standard supply chain reference model. The SCOR model mainly consists of four parts: a general definition of the supply chain management process, benchmarks of indexes corresponding to process performance, a description of supply chain "best practices", and information for selecting supply chain software products.
[bookmark: _Toc9997][bookmark: _Toc19812][bookmark: _Toc10745][bookmark: _Toc16301][bookmark: _Toc6089][bookmark: _Toc16341][bookmark: _Toc2554][bookmark: _Toc30329][bookmark: _Toc9205]3.2.1 Processes of SCOR model
The framework of the SCOR model consists of five basic management processes, which are plan, source, make, deliver and return, each of which has a corresponding support system. It combines the concepts of enterprise process reengineering, standardization and process measurement into a cross-functional framework. It mainly includes:
● Standardized description of management process;
● The relational framework between standard processes;
● Criteria for process performance evaluation;
● management practices that create optimal performance;
● Standardized integration of features and functions.
By defining supply chain management processes, coupled with best practices, benchmarking performance data, and optimizing software applications, the SCOR model provides manufacturing with a powerful set of tools to improve supply chain performance. The structural framework of the SCOR model is shown in figure 3.1.
[image: 6a00d8341cbcd853ef01b7c900f6cf970b-800wi]
[bookmark: _Toc14978][bookmark: _Toc20758][bookmark: _Toc1666][bookmark: _Toc28748]Figure 3.1 Framework of SCOR model (Supply chain council inc. 2006)
SCOR breaks down the supply chain into 5 processes: plan, source, make, deliver and return.
Plan: Balance demand and supply, and make a series of action plans to better serve the remaining four process service
Source: Acquiring materials and required services according to plan or demand;
Make: Manufacturing according to stock, manufacturing to order, and design-to-order production implementation;
Deliver: producing for stock, make-to-order and make-to-order products to order, management of warehouse, transportation and assembly;
Return: This process is linked to returns for any reason and post-delivery customer support, including
This includes returns of raw materials to suppliers and customers. Returned products include defective products, MRO products, and excess products.
The supply chain SCOR model process is shown in figure 3.2.
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[bookmark: _Toc7730][bookmark: _Toc12905][bookmark: _Toc1652][bookmark: _Toc19772]Figure 3.2 Process of SCOR model (Changrui et al. 2006)
[bookmark: _Toc5279][bookmark: _Toc14621][bookmark: _Toc19291][bookmark: _Toc6713][bookmark: _Toc25617][bookmark: _Toc14770][bookmark: _Toc18535][bookmark: _Toc5459][bookmark: _Toc7619]3.2.2 Construction of risk identification of automobile supply chain based on SCOR
With the detailed understanding of the characteristics of the automobile supply chain, this paper establishes a preliminary model of risk identification in the automobile supply chain according to the framework of SCOR model. Subsequently, some experts interviewed relevant automobile manufacturing enterprises, revised the index system of the initial model, and established an automobile supply chain risk identification model supported by theory and practice. Although it is a traditional manufacturing industry, the automotive industry has some unique characteristics, such as a huge number of industries designed and a complex supply chain network structure. Therefore, in order to more effectively understand the high risk and complexity of the automotive industry supply chain First of all, an in-depth analysis of the supply chain of the automotive industry is carried out.
[bookmark: _Toc15491][bookmark: _Toc11781][bookmark: _Toc22284][bookmark: _Toc17708][bookmark: _Toc4903][bookmark: _Toc26416][bookmark: _Toc768][bookmark: _Toc31656][bookmark: _Toc25768]3.2.3 Principles for selecting indexes of automobile supply chain based on SCOR model
According to the five processes of the SCOR model, the possible influencing factors of the target company’s supply chain risk are analyzed and identified to lay the foundation for the establishment of the risk evaluation index system. The automobile supply chain is obviously affected by external influences in the operation process, and due to the short development time, the ability to face risks is weak, so it is particularly important to comprehensively and objectively reveal the uncertain factors that generate risks in the operation process. Evaluation indexes are very important. Therefore, the following principles need to be followed when extracting:
(1) The principle of scientific evaluation. When selecting evaluation indexes, the indexes must be scientific and reasonable, respect the facts and cannot be fabricated at will, and must reflect the actual situation of the evaluators.
(2) The principle of operability. Since the risks faced by the supply chain of new energy vehicles are multi-faceted, the actual operability should be considered when selecting indexes to ensure that the required information can be obtained.
(3) The principle of comprehensiveness. There are many risk factors involved in the supply chain of new energy vehicles. The selected indexes should fully reflect the characteristics of their operation status, and the indexes should be representative. This paper analyzes the possible existence of the five processes. risk factors, avoiding omissions while maintaining independence.
[bookmark: _Toc20156][bookmark: _Toc31543][bookmark: _Toc2729][bookmark: _Toc20539][bookmark: _Toc1428][bookmark: _Toc21754][bookmark: _Toc5168][bookmark: _Toc23247][bookmark: _Toc30848]3.3 AHP (The analytic hierarchy process)
The research goal of this paper is to calculate the importance and risk level of each risk factor in the risk evaluation index system of automobile supply chain through qualitative and quantitative analysis methods. Therefore, it is first necessary to construct a pairwise comparison matrix through the AHP method to judge the importance of each criterion-level risk factor and the factor-level risk factor, and calculate the weight of each risk factor in the supply chain; then, on this basis, with the help of fuzzy The comprehensive evaluation method constructs a set of comments on risk factors, and calculates the risk levels of various risk factors; finally, combines the two types of data to give relevant risk control measures.
The steps of implementing AHP are as follows: 
1) Build a hierarchical model
According to the risk index system constructed based on SCOR model, the risk index of automobile supply chain can be divided into target layer G, criterion layer N and factor layer E from top to bottom, and the lower risk index is a further subdivision of the upper risk index.
2) Establish a judgment matrix
On the basis of the hierarchical model, the expert's scoring results of the importance comparison of the two risk factors are obtained. The evaluation standard is the "1-9" scale standard, and the judgment matrix is constructed by the following formula.



	Scale
	Numerical Rating
	Reciprocal

	Extremely Preferred
	9
	1/9

	Very strong to extremely
	8
	1/8

	Very strongly preferred
	7
	1/7

	Strongly to very strongly
	6
	1/6

	Strongly preferred
	5
	1/5

	Moderately to strongly
	4
	1/4

	Moderately preferred
	3
	1/3

	Equally to moderately
	2
	1/2

	Equally preferred
	1
	1


[bookmark: _Toc25537][bookmark: _Toc908]Table 3.1 "1-9" standard in AHP
3) Hierarchical single ranking and consistency check
The single-level ranking is to sequentially calculate the weight of the criterion-level risk index relative to the total target layer and the factor-level risk index relative to the subordinate criterion-level risk factors. At the same time, the formed judgment matrix must meet the consistency test. The steps of the consistency check are as follows:
The first step is to use the formula to solve the eigenvalue of the matrix, and calculate the maximum eigenvalue max of each judgment matrix and the eigenvector W corresponding to the judgment matrix, where A is the judgment matrix, A is the eigenvalue, I is the identity matrix.
Second step,calculate the consistency index of the judgment matrix according to the formula CL=[max(A)-n]/(n-1).
Third step is to find out the corresponding RI by consulting the table of conformance standard values, and then calculate the conformance ratio CR, CR=CL/RI.
Fourth step, compare CR with 0.1. If CR≤0.1, then the judgment matrix satisfies the condition of consistency check. If CR＞0.1, the judgement matrix is not satisfied the consistency, it must be further modified until it meets the consistency test.
	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	RI
	0
	0
	0.58
	0.9
	1.12
	1.24
	1.32
	1.41
	1.45
	1.49
	1.51


[bookmark: _Toc11768][bookmark: _Toc6897]Table 3.2 Related standard values of consistency-test.
4) Hierarchical total ranking

The overall ranking of the hierarchy is to calculate the weight value of the risk factors of criteria layer and the risk factors of factor layers relative to the target layer, so it also needs to pass the consistency test. Use  to calculate the radio of consistency, then compare CR with 0.1, the principle is the same as described above.
[bookmark: _Toc30057][bookmark: _Toc31045][bookmark: _Toc18409][bookmark: _Toc18543][bookmark: _Toc4404][bookmark: _Toc29306][bookmark: _Toc28589][bookmark: _Toc16420][bookmark: _Toc488]3.4 Fuzzy Comprehensive Evaluation Method
On the basis of using the AHP to obtain the weight value of each risk factor in the supply chain, and then by means of the fuzzy comprehensive evaluation method to judge the level of various risk factors in the automobile supply chain.
There are steps of fuzzy comprehensive evaluation:
(1) Constructing factor sets in units of criterion level risk factors.


The risk level is divided into I, II, III, IV and V, which in turn represent the five levels of very low, low, medium, high and very high risk levels.


Convert the scoring results of various experts and scholars on various risk factors into frequencies to obtain a comment set matrix:


Combined with the weight vector Wi of each criterion level factor obtained in the AHP above, multiply the two.


Combine the evaluation vectors of each criterion layer factor obtained in the fourth step to form a comprehensive evaluation matrix, as shown below:


Multiply the comprehensive evaluation matrix and the weight vector of each criterion layer to obtain the overall risk evaluation result Z.


[bookmark: _Toc14575][bookmark: _Toc26390][bookmark: _Toc32372][bookmark: _Toc6475][bookmark: _Toc23678][bookmark: _Toc30048][bookmark: _Toc23013][bookmark: _Toc4179][bookmark: _Toc10371]3.5 Data Collection
This project mainly uses a questionnaire to collect data and develop a model to evaluate the criticality of different risk factors, which is widely used. Risk manager design the questionnaire content from the overall perspective, and then distribute it to the employees of the auto company. In this process, it is necessary to explain the purpose of this research to all the respondents, and ensure that they can fill in according to the actual situation of the company, so as to improve the accuracy of the survey results. Generally , because these respondents have personally participated in the work related to the automotive supply chain, they have a better understanding of the development of related businesses, and the content they fill in is of great value, which can provide reference for risk management personnel. On this basis, risk managers can effectively judge risks and make timely and feasible countermeasures. The main purpose of this questionnaire is to assess the criticality of all influencing factors and to lay the foundation for subsequent statistical research.


4. [bookmark: _Toc18760][bookmark: _Toc20360][bookmark: _Toc1831][bookmark: _Toc10605][bookmark: _Toc29766][bookmark: _Toc28469][bookmark: _Toc23178][bookmark: _Toc23552][bookmark: _Toc22755]CASE STUDY AND FINDINGS
[bookmark: _Toc26233][bookmark: _Toc29186][bookmark: _Toc25308][bookmark: _Toc26252][bookmark: _Toc1345][bookmark: _Toc15012][bookmark: _Toc23882][bookmark: _Toc10997][bookmark: _Toc2671]4.1 Introduction
As a pillar industry of the national economy, the automobile industry plays a decisive role in a country's economic development. At the same time, the development of the automobile technology level also shows the development level of a country's overall industry. In particular, China has become a big country in automobile production and sales. Since China's successful accession to the world trade organization, the development level of China's automobile industry has entered a golden period. The development of the automobile industry has also driven the development of upstream and downstream parts enterprises, thus forming a supply chain network involving a large number of industries and a complex structure.
In this section, the risks of the automobile supply chain based were analyzed and identified based on SCOR model, next, I distributed the designed questionnaires to practitioners in the industry, collected data after getting feedback. Then the data were introduced to AHP-FUZZY model for evaluating risk level. The results show that the overall automotive supply chain is between medium risk and high risk, and effective measures need to be taken to avoid the sending of risks.
[bookmark: _Toc6311][bookmark: _Toc7225][bookmark: _Toc32563][bookmark: _Toc25408][bookmark: _Toc31585][bookmark: _Toc6653][bookmark: _Toc20349][bookmark: _Toc8004][bookmark: _Toc19218]4.2 Automobile industry supply chain analysis
The automobile supply chain is a typical network structure, from the production of automobile parts to the completion of the whole vehicle production, including raw material manufacturers, parts manufacturers, manufacturers and other enterprises. A complete supply chain of the automobile industry refers to all processes from raw material procurement to product delivery to users, including process of strategic planning, procurement, manufacturing, distribution and return. In this process, the supply chain will involve hundreds of enterprises, including upstream and downstream suppliers and distributors, with automobile manufacturing enterprises as the center. The structure is complex and the enterprises are closely connected. The structure of automobile supply chain is shown in Figure 4.1.
With the emergence of the automobile supply chain, hundreds of enterprises are closely linked in the automobile production process, and the uncertain factors affecting the whole vehicle production are extended to many enterprises in the whole supply chain. Thus, the enterprises in the whole supply chain are closely linked to form a whole with the whole vehicle manufacturing enterprise as the core. When carrying out relevant work around complete vehicle cattle companies, the supply chain is usually divided into three aspects: upstream, midstream and downstream.
[image: C:/Users/Administrator/AppData/Local/Temp/wps.aEaXpxwps]
[bookmark: _Toc26672][bookmark: _Toc5846][bookmark: _Toc9904][bookmark: _Toc643]Figure 4.1 Structure of the automobile supply chain (Niu et al. 2021)
(1) Upstream of the automobile supply chain
The upstream mainly consists of various component manufacturers. At present, no automobile manufacturer can produce all the parts and components required by the company. Often, 70% of the parts required for a complete vehicle are actually provided by upstream suppliers. Numerous upstream companies in the automobile supply chain have become a vital part of automobile production. The quality of their products has an important influence on the entire automobile industry. Auto parts companies and the entire automobile industry are closely linked to develop together.
(2) Midstream of the automobile supply chain
The midstream of the automobile supply chain mainly refers to automobile manufacturing enterprises, which is the most important part of the automobile production process, and its production methods are constantly changing. On April 1, 1913, Ford launched the world's first assembly line production at the Highland Park OEM in the United States, which opened the prelude to mass production of automobiles. With the production of this assembly line, the assembly process of automobiles has been simplified unprecedentedly, and the production efficiency has been greatly improved. In the 1970s, Toyota introduced the concept of lean production. Through modern management methods and means, we can give full play to the role of people, eliminate all unnecessary waste, and maximize benefits.
(3) Downstream of the automobile supply chain
The downstream sector is mainly made up of sales and customers, and involves the sale of products and the provision of after-sales services to customers. In recent years, this sector has evolved and, to date, a marketing system has been formed with the production company at its core and a combination of sales, component supply departments, recycling organisations, service and data feedback.
[bookmark: _Toc23789][bookmark: _Toc8778][bookmark: _Toc16950][bookmark: _Toc3960][bookmark: _Toc16539][bookmark: _Toc20433][bookmark: _Toc23917][bookmark: _Toc32523][bookmark: _Toc17366]4.3 Risk identification of automobile supply chain based on SCOR model
The complete automobile supply chain structure is mainly composed of raw material manufacturers, parts manufacturers, automobile manufacturers, sellers and customers. Based on the SCOR model and the structure of the automotive supply chain in Figure 4.1, this project identifies risks in the supply chain from the five processes of enterprise strategic planning, parts procurement, vehicle manufacturing, product distribution, and return, which will be convenient for comprehensive management of supply chain risks.
[bookmark: _Toc29177][bookmark: _Toc14470][bookmark: _Toc26640][bookmark: _Toc23506][bookmark: _Toc28233][bookmark: _Toc32643][bookmark: _Toc18054][bookmark: _Toc3709][bookmark: _Toc9582]4.3.1 Risks in the strategic planning process
Planning has a guiding role in enterprise production, it is the core business forecast based on demand scenarios in the supply chain to balance supply and demand and generate a series of action scenarios designed to better serve other processes.
(1) Strategic plan
Strategic planning is the first process of the SCOR model. Automakers in the middle of the automotive industry supply chain will do a detailed survey and research on the market demand for a period of time in the future before production, and then formulate their own plans based on the results of the survey feedback. Production plan for a period of time, so as to purchase the parts you need from upstream suppliers in a planned way. For upstream parts manufacturers, they will determine the planning process of their own parts production according to the demand of core enterprises. Downstream distributors should allocate resources according to a pre-established plan. Scientific planning can effectively coordinate the activities carried out by the participants in the supply chain, so as to ensure the matching between demand and supply. Only when all the companies in the supply chain make accurate plans can they reduce the contact time with members of the supply chain and achieve efficient production in the follow-up activities. Planning risk represents issues related to corporate positioning and strategy in the supply chain. It is not only affected by internal influences, but also easily affected by factors such as local policies, culture, technology, and the environment. A minor  deviation in planning strategy will result in Affects the entire supply chain, so planning risks include:
SCR1: Supply chain risks caused by inaccurate positioning of strategic plans
SCR2: Supply chain risk caused by differences between the goals of each enterprise in the supply chain and the overall goal of the supply chain
SCR3: Auto Supply Chain Risks Caused by Policy Documents
SCR4: Supply chain risks caused by unstable external environment
Some professionals pointed out that culture in the strategic planning process plays a very important role in the operation of the supply chain. The model covers various companies and national cultures. From a global perspective, the entire process from purchase to subsequent sales can be attributed operating across cultures. The supply chain is affected by various cultures in the actual operation process, which will affect the operation effect to a large extent. Under the impact of various cultures, more stringent requirements have been placed on employees' cultural accomplishment. If employees are insufficient in this aspect, it will seriously affect the operation of the supply chain. Therefore, this project  argues that:
SCR5: Risks in the automotive supply chain caused by the poor cultural behaviour  of employees
SCR6: Risks in the automotive supply chain caused by the different cultural values of member companies.
[bookmark: _Toc17565][bookmark: _Toc14817][bookmark: _Toc25231][bookmark: _Toc22351][bookmark: _Toc27601][bookmark: _Toc10886][bookmark: _Toc1857][bookmark: _Toc29211][bookmark: _Toc11593]4.3.2 Risks in the procurement process
Procurement is the second process of the SCOR model. The risk in this process mainly lies in whether an enterprise can obtain sufficient quantity and quality of raw materials from upstream enterprises to meet its own production needs in a timely and accurate manner. The procurement process involves many different Suppliers, whose main content is the process of obtaining corresponding materials and services from suppliers according to a predetermined plan, including determining the number of suppliers required, then evaluating and selecting suppliers, and discussing the delivery method of purchased goods and time, inspection standards and settlement, etc. For auto companies, their suppliers are located all over the world, and they need to conduct international transactions. It becomes difficult for auto companies to coordinate and control their suppliers all over the world. There are problems in any link of product price, quality and specific delivery time. All will bring unpredictable impact on the production and product quality of core enterprises. Therefore, the risk factors in automobile supply chain procurement can be analyzed from the following aspects
(1) Selection of suppliers
For automobile manufacturers, suppliers play a key role, because the supply chain is a collection of suppliers, manufacturers and sellers, and end users, and suppliers are at the top of the entire supply chain. The existence of the supply chain is to make the coordinated development of several related enterprises, and the selection of a suitable partner is the premise of the efficient operation of the supply chain. As for the automobile supply chain, automobile manufacturers play a very critical role, and the function of the corresponding upstream supply chain is even more critical. Therefore, the selection of suppliers should be considered from many aspects. When the supplier cannot meet the changing needs of the market, it will have a significant impact on the manufacturer.
SCR7: Auto Supply Chain Risks Caused by Too Many Suppliers
SCR8: The automotive supply chain risks that may be caused by insufficient supply flexibility of key components
SCR9: Risks in the automotive supply chain that may be caused by the constraints of key component suppliers
(2) Purchase price and exchange rate fluctuations
Due to the complexity of the supply chain, international transactions may be involved in the operation process. Due to the current unstable international economic situation, exchange rate fluctuations have a certain impact on supply chain costs. If the purchase price in this part of the automobile manufacturing enterprise is too high. A domino effect will be formed, resulting in a substantial increase in the cost of all downstream companies, thus affecting the overall profitability. Especially in automobile manufacturing, the procurement cost usually accounts for more than half of the total cost, so this paper summarizes the
SCR10: Risks to the automotive supply chain that may be caused by economic fluctuations
SCR11: Risks in the automotive supply chain caused by frequent exchange rate fluctuations
(3) Quality of purchased products
The quality of purchased parts directly determines the quality of automotive products. Each car involves thousands of parts, and these thousands of parts come from different suppliers. In this, no matter if there is a problem in any link, it will eventually accumulate the problem in the products produced by the automobile manufacturer. In December 2019, Volkswagen has urgently recalled 160,000 vehicles in China due to faults in the electronic components inside the control unit of the purchased airbags, which has a major impact on the company. Purchasing is the source of quality. If suppliers cannot strictly produce according to the requirements of manufacturing enterprises and deliver goods with high quality and quantity, it will have a huge impact on the final products of the supply chain. Therefore, this paper concludes:
SCR12: Problems in the quality of purchased parts and components affect the automotive supply chain risk caused by subsequent work
(4) Slow delivery
Data sharing among all participating companies in the supply chain and completion of delivery within the specified time can lay the foundation for the operation of the supply chain. For the automobile supply chain, if data cannot be shared and goods are not handed over in time, it will lead to production stagnation of automobile manufacturing enterprises, affect the efficiency of the entire supply chain, and even lead to the loss of market opportunities. Even affect the overall car brand effect. Therefore, this paper concludes:
SCR13: Auto supply chain risks caused by delays in construction schedules and slow deliveries
[bookmark: _Toc28997][bookmark: _Toc9404][bookmark: _Toc3647][bookmark: _Toc1455][bookmark: _Toc7861][bookmark: _Toc15657][bookmark: _Toc997][bookmark: _Toc16198][bookmark: _Toc7794]4.3.3 Risks in the manufacturing process
The manufacturing process is the third link in the SCOR model. The key work is to produce different types of products, such as production according to the original plan and specific orders. Receiving and testing of specific parts, formulation of production rhythms, management of production personnel and production equipment, and product development, testing and distribution.
(1) Control of the production process
The production process is the first site to convert parts into final products, the core stage of the entire manufacturing process, and a link with a high probability of risk. Product quality is the lifeline of an enterprise, especially automobiles, a vehicle commonly used in life, have strict standards in terms of safety and reliability. Enterprises must resolutely implement the standards, especially in the four major processes of automobile production. , each process involves many links, any problem in any step will have an impact on the overall production process of the enterprise. Secondly, improper operation of personnel will also lead to risks for the enterprise. In addition, if the enterprise does not have good inventory control and cost control, it will also lead to supply chain risks. Therefore, this paper concludes:
SCR14: Risks in the automotive supply chain caused by improper personnel operations
SCR15: Unreasonable inventory control will bring risks to the automotive supply chain
SCR16: Excessive production costs bring risks to the automotive supply chain
SCR17: Low-quality products produced create automotive supply chain risks
(2) Risks in the R&D process
R&D and innovation can make an enterprise make continuous progress and always be full of competitiveness. The book "The Future of the Automotive Industry" once asserted that "the product innovation process is at the forefront of the competition for market share, and the biggest challenge it faces lies in the research and development of vehicle concepts, which can be realized in the shortest time, the lowest investment, and the highest quality. Concepts are the best". In recent years, with the economic development, the automobile industry has also entered a stage of rapid development. However, due to the characteristics of short life cycle of automobiles and fast replacement speed, the competitiveness of major automobile enterprises is also increasing day by day. Therefore, automobile enterprises must attach importance to R&D and innovation activities, shorten the time for the replacement of their products, and expand their market share. R&D and innovation require a lot of time and money. In order to turn the company's R&D into profits, the key is to do market research in advance, be guided by the actual needs of customers and the country's overall policy, according to the future needs of the market, and at the same time upstream of the supply chain Extension, joint design with suppliers, leveraging R&D funds to increase market share.
R&D has the characteristics of high investment, high return and high risk. Various problems may be encountered in the process of R&D, such as technology and capital, which will have a significant impact on the automotive supply chain. Therefore, this paper concludes:
SCR18: Insufficient technical background will bring risks to the automotive supply chain
SCR19: Shortage of company funds will bring risks to the automotive supply chain
SCR20: The long development cycle of new products will bring the risk that the car will not be recognized by the market
[bookmark: _Toc31246][bookmark: _Toc22461][bookmark: _Toc86][bookmark: _Toc6231][bookmark: _Toc29464][bookmark: _Toc25603][bookmark: _Toc6731][bookmark: _Toc2137][bookmark: _Toc20650]4.3.4 Risks in the distribution process
Distribution is the fourth process of the SCOR model, and it is also the only link connecting the products produced by different enterprises in the supply chain. This process mainly manages the orders issued in the early stage. This process mainly includes the organization, technology, operation and collaboration capabilities.
(1) Organizational factors
In recent years, the structure of the supply chain has gradually become more complex, and the number of related members has continued to increase. The change of participants will cause a great change in the speed of data transmission, especially with the continuous complexity of the organizational structure, which greatly reduces the data transmission rate. A good organizational structure can ensure the stable operation of the supply chain. In this study, this paper conducted an in-depth analysis of the risk factors related to supply chain and distribution, and summarized as follows:
SCR21: Unreasonable supply chain structure leads to risks in the supply chain
SCR22: The limited ability of business leaders leads to the failure of supply chain management to achieve the expected goals
SCR23: Poor communication within the organization and unreasonable flow of information resources lead to risks in the supply chain
(2) Technical factors
With the advent of the 5G era, technology plays an irreplaceable role in the supply chain. In transportation, it is necessary to use background big data to reasonably plan and configure delivery routes and routes. The application of IT and software technology and the upgrading of new technologies have a significant effect on improving the operational efficiency of the supply chain. However, the shortcomings of this type of technology will lead to some risks. After a series of studies, this paper finds that the following risks are lurking in transportation and distribution technologies:
SCR24: Key technologies cannot meet social needs
SCR25: Improper choice of delivery tools and routes
(3) Collaborative work
In the operation of the supply chain, the relevant departments of the enterprises involved need to coordinate with each other, and the timely communication and sharing of information to achieve rapid response is the key to the efficient operation of the supply chain. So as to achieve the expected benefits in a short time with the least cost. Therefore, this article proposes that the product may have the following risks during transportation and distribution:
SCR26: Opaque supply chain information will bring supply chain transportation risks
[bookmark: _Toc22020][bookmark: _Toc12828][bookmark: _Toc10668][bookmark: _Toc28482][bookmark: _Toc24680][bookmark: _Toc5506][bookmark: _Toc26663][bookmark: _Toc24174][bookmark: _Toc14737]4.3.5 Risks in the return process
Return is the fifth process of the SCOR model, which directly involves all members of the supply chain and end users. It mainly covers car recalls caused by insufficient product quality, as well as returns caused by parts that do not meet the conditions. The return process for auto parts generally includes product quality inspection, inventory identification, planned transportation, and acceptance of returns. For complete vehicle products, returns are generally not included, but in recent years, many well-known auto companies have frequently recalled vehicles due to quality problems. It will seriously affect the long-term stable operation of the company, and in severe cases, it will also have a negative impact on the brand reputation. lead to a decline in market share. Therefore, this paper believes that there are mainly the following risks:
SCR27: Product returns raise a series of legal issues
SCR28: Product returns lead to a decrease in the overall operating efficiency of the enterprise
SCR29: Product returns increase corporate supply chain costs
Through the above content, we can learn about the risk indicators of the automobile production supply chain, and establish the risk indicators of the automobile manufacturing industry supply chain. For details, please refer to Table 4.1. The risk indicators in the table all exist dynamically, and the indicators will change constantly with the passage of time and changes in the external environment.
	First level index
	Second level index

	Planning process risk
B1
	Inaccurate strategic planning C11

	
	Conflict of strategic objectives among supply chain members C12

	
	Policy instability C13

	
	Unstable external environment C14

	
	Staff cultural quality is not high C15

	
	Lack of shared cultural values C16

	Procurement process risk
B2
	Improper selection of suppliers C21

	
	Insufficient production flexibility of component suppliers C22

	
	Capacity of key component suppliers C23

	
	Economic instability C24

	
	Frequent exchange rate fluctuations C25

	
	Quality problem of purchased parts C26

	
	Slow delivery C27

	Manufacturing process risk
B3
	Improper operation C31

	
	Unreasonable inventory control C32

	
	Excessive cost C33

	
	Low production quality C34

	
	Insufficient technical background C35

	
	Lack of funds C36

	
	Long development cycle of product C37

	Delivery process
B4
	Unreasonable supply chain structure C41

	
	Lack of internal communication C42

	
	Ambiguity of responsibilities C43

	
	Technology does not meet needs C44

	
	Improper selection of transportation routes and tools C45

	
	Supply chain information is opaque C46

	Return process
B5
	Product recall affects business efficiency C51

	
	Product recalls raise legal issues C52

	
	Product recalls increase business spending C53


[bookmark: _Toc19800][bookmark: _Toc15370]Table 4.1 Auto Manufacturing Supply Chain Risk Indices
It can be seen that the risk index in the five processes in the supply chain operation are listed in detail in Table 4.1, and these risk index are also dynamic. The next section will focus on evaluating the risks identified in the table.
[bookmark: _Toc21510][bookmark: _Toc29305][bookmark: _Toc17297][bookmark: _Toc3063][bookmark: _Toc14655][bookmark: _Toc314][bookmark: _Toc18804][bookmark: _Toc32004][bookmark: _Toc409]4.4 Comprehensive evaluation of automotive supply chain risks
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The magnitude of automotive supply chain risk is a relative concept, and it is difficult to give a clear definition. Therefore, automotive supply chain risk research can be treated as a vague problem. The general procedure for constructing an automotive supply chain risk assessment model is as follows:
(1) Determine the evaluation index factor set
According to the evaluation index system discussed in the previous section, and set B and C to represent the first and second layers of the evaluation index system, we can get
The index factor set corresponding to the first layer:
Among them, B1 represents the planning process risk indicator, B2 represents the procurement process risk indicator, B3 represents the manufacturing process risk indicator, B4 represents the distribution process risk indicator, and B5 represents the return process risk indicator.
The factor set corresponding to the secondary indicator layer:
(2) Determine the weight of each indicator
The weight of the first-level indicator B is W=(W1, W2, W3, W4, W5, W6)
The weight of the secondary indicator C is W1=(W11,W12,W13,W14,W15,W16)
(3) Determine the set of risk comments, etc.
Automotive supply chain risks can be divided into:
Y=（Y1，Y2，Y3，Y4，Y5）=(very low, low, medium, high, very high) five grades.
(4) Construct a fuzzy judgment matrix R and perform fuzzy operations
To construct a fuzzy judgment matrix, the membership degree of each index must be calculated first. Combined with the membership degree of the qualitative and quantitative indicators, the fuzzy judgment matrix of the j index relative to the i index can be constructed, and the fuzzy operation can be performed:
Ci=wci×Rci
Among them, Ci is the fuzzy evaluation vector, and then Ci, i=（1, 2, ..., 6） and the index constitute a system to construct the fuzzy judgment matrix of the secondary index relative to the primary index:
(5) Defuzzification
The result of processing fuzzy comprehensive evaluation is a set of fuzzy vectors, that is, the membership degree vector of the evaluation object belonging to each evaluation level. When determining the level of the evaluation object, the vector needs to be refined, or de-fuzzified.
The centroid method is generally used for the precision of fuzzy vector, which is a method to obtain the centroid element for all elements of the fuzzy evaluation result. The centroid method takes the centroid element of the blurred amount as the exact value v* obtained after de-fuzzification, and the calculation formula is:
v*=C×(v1,v2,v3,v4,v5)T
(6) Fuzzy comprehensive assessment of automotive supply chain risks
Assuming that the indicator weight vectors of each group of bottom layers are w1, w2, w3, w4, w5, w6, respectively, and the corresponding fuzzy evaluation sets are R1, R2, R3, R4, R5, R6 , then the risk of the automotive supply chain can be calculated. The evaluation results are:
C=w×R=w×(w1×R1, w2×R2, w3×R3, w4×R4, w5×R5, w6×R6)T
[bookmark: _Toc12373][bookmark: _Toc5461][bookmark: _Toc9206][bookmark: _Toc3747][bookmark: _Toc5491][bookmark: _Toc1400][bookmark: _Toc15361][bookmark: _Toc5697][bookmark: _Toc19963]4.4.2 Risk Indicator Weight Calculation
According to the characteristics of the automobile supply chain and the supply chain risk assessment index system established above, this paper studies and designs the automobile supply chain risk questionnaire (in appendix), and distributes the designed questionnaire to the practitioners in the automobile industry. In order to obtain more data, this questionnaire was filled out by practitioners in different departments and different positions, so that more data can be obtained and a more comprehensive understanding can be obtained, which effectively avoids personal limitations. Summarize the returned valid questionnaires, and then establish a judgment matrix. The weights of the first-level evaluation index and the second-level evaluation index are calculated using the formula   
(1) Weight calculation results of the first-level indices of automobile supply chain risk
	B
	B1
	B2
	B3
	B4
	B5
	W
	λmax
	CI
	RI
	CR

	B1
	1
	1/4
	1/6
	1/3
	1/2
	0.073
	5.525
	0.063
	1.120
	0.056

	B2
	4
	1
	1/3
	1/3
	3
	0.162
	
	
	
	

	B3
	6
	3
	1
	3
	7
	0.464
	
	
	
	

	B4
	3
	3
	1/3
	1
	5
	0.251
	
	
	
	

	B5
	1/2
	1/3
	1/7
	1/5
	1
	0.050
	
	
	
	


[bookmark: _Toc11763][bookmark: _Toc11267]Table 4.2 Weight calculation results of the first-level indices
(2) Weight calculation results of the second-level indices of the automobile supply chain:
1 Planning process risk indices weights:
	B1
	C11
	C12
	C13
	C14
	C15
	C16
	W
	λmax
	CI
	RI
	CR

	C11
	1
	1
	7
	1/5
	1/5
	3
	0.101
	6.603
	0.121
	1.260
	0.097

	C12
	1
	1
	7
	1/5
	1/5
	3
	0.101
	
	
	
	

	C13
	1/7
	1/7
	1
	1/9
	1/7
	1/5
	0.023
	
	
	
	

	C14
	5
	5
	9
	1
	3
	7
	0.437
	
	
	
	

	C15
	5
	5
	7
	1/3
	1
	5
	0.284
	
	
	
	

	C16
	1/3
	1/3
	5
	1/7
	1/5
	1
	0.054
	
	
	
	


[bookmark: _Toc15513][bookmark: _Toc28537]Table 4.3 Weight calculation results of planning process risk indices
2 Procurement process risk indices weights:
	B2
	C21
	C22
	C23
	C24
	C25
	C26
	C27
	W
	λmax
	CI
	RI
	CR

	C21
	1
	1/3
	1/6
	1/2
	1/2
	1/7
	1/3
	0.039
	7.679
	0.113
	1.360
	0.083

	C22
	3
	1
	1/3
	1/2
	1/2
	1/6
	2
	0.081
	
	
	
	

	C23
	6
	3
	1
	3
	2
	1/5
	1/2
	0.167
	
	
	
	

	C24
	2
	2
	1/3
	1
	1
	1/4
	1
	0.092
	
	
	
	

	C25
	2
	2
	1/2
	1
	1
	1/4
	1
	0.095
	
	
	
	

	C26
	7
	6
	5
	4
	4
	1
	6
	0.423
	
	
	
	

	C27
	3
	1/2
	2
	1
	1
	1/6
	1
	0.103
	
	
	
	


[bookmark: _Toc8005][bookmark: _Toc24740]Table 4.4 Weight calculation results of procurement process risk indices
3 Manufacturing process risk indices weights:
	B3
	C31
	C32
	C33
	C34
	C35
	C36
	C37
	W
	λmax
	CI
	RI
	CR

	C31
	1
	1/2
	1/4
	1/6
	1/3
	1/5
	1/2
	0.038
	7.630
	0.105
	1.360
	0.077

	C32
	2
	1
	1/2
	1/5
	1/3
	1/4
	1/2
	0.056
	
	
	
	

	C33
	4
	2
	1
	1/4
	3
	3
	1
	0.181
	
	
	
	

	C34
	6
	5
	4
	1
	2
	3
	6
	0.357
	
	
	
	

	C35
	3
	3
	1/3
	1/2
	1
	1/2
	1
	0.111
	
	
	
	

	C36
	5
	4
	1/3
	1/3
	2
	1
	3
	0.168
	
	
	
	

	C37
	2
	2
	1
	1/6
	1
	1/3
	1
	0.089
	
	
	
	


[bookmark: _Toc12923][bookmark: _Toc14349]Table 4.5 Weight calculation results of manufacturing process risk indices
4 Distribution process risk indices weights:
	B4
	C41
	C42
	C43
	C44
	C45
	C46
	W
	λmax
	CI
	RI
	CR

	C41
	1
	2
	3
	1/4
	1/3
	1
	0.121
	6.187
	0.037
	1.260
	0.030

	C42
	1/2
	1
	1
	1/5
	1/4
	1/2
	0.063
	
	
	
	

	C43
	1/3
	1
	1
	1/4
	1/3
	1/2
	0.067
	
	
	
	

	C44
	4
	5
	4
	1
	2
	3
	0.367
	
	
	
	

	C45
	3
	4
	3
	1/2
	1
	4
	0.271
	
	
	
	

	C46
	1
	2
	2
	1/3
	1/4
	1
	0.111
	
	
	
	


[bookmark: _Toc22628][bookmark: _Toc20983]Table 4.6 Weight calculation results of distribution process risk indices
5 Return process risk indices weights:
	B5
	C51
	C52
	C53
	W
	λmax
	CI
	RI
	CR

	C51
	1
	3
	2
	0.540
	3.009
	0.0046
	0.520
	0.0088

	C52
	1/3
	1
	1/2
	0.163
	
	
	
	

	C53
	1/2
	2
	1
	0.297
	
	
	
	


[bookmark: _Toc28701][bookmark: _Toc25945]Table 4.7 Weight calculation results of return process risk indices
Finally, the total ranking of the indices is calculated, that is, the comprehensive weight table:
	First level index
	Weight
	Second level index
	Single weight
	Total weight

	Planning process risk
B1
	0.073
	Inaccurate strategic planning C11
	0.101
	0.007

	
	
	Conflict of strategic objectives among supply chain members C12
	0.101
	0.007

	
	
	Policy instability C13
	0.023
	0.002

	
	
	Unstable external environment C14
	0.437
	0.032

	
	
	Staff cultural quality is not high C15
	0.284
	0.021

	
	
	Lack of shared cultural values C16
	0.054
	0.004

	Procurement process risk
B2
	0.162
	Improper selection of suppliers C21
	0.039
	0.006

	
	
	Insufficient production flexibility of component suppliers C22
	0.081
	0.013

	
	
	Capacity of key component suppliers C23
	0.167
	0.027

	
	
	Economic instability C24
	0.092
	0.015

	
	
	Frequent exchange rate fluctuations C25
	0.095
	0.015

	
	
	Quality problem of purchased parts C26
	0.423
	0.069

	
	
	Slow delivery C27
	0.103
	0.017

	Manufacturing process risk
B3
	0.464
	Improper operation C31
	0.038
	0.018

	
	
	Unreasonable inventory control C32
	0.056
	0.026

	
	
	Excessive cost C33
	0.181
	0.084

	
	
	Low production quality C34
	0.357
	0.166

	
	
	Insufficient technical background C35
	0.111
	0.052

	
	
	Lack of funds C36
	0.168
	0.078

	
	
	Long development cycle of product C37
	0.089
	0.041

	Delivery process
B4
	0.251
	Unreasonable supply chain structure C41
	0.121
	0.030

	
	
	Lack of internal communication C42
	0.063
	0.016

	
	
	Ambiguity of responsibilities C43
	0.067
	0.017

	
	
	Technology does not meet needs C44
	0.367
	0.092

	
	
	Improper selection of transportation routes and tools C45
	0.271
	0.068

	
	
	Supply chain information is opaque C46
	0.111
	0.028

	Return process
B5
	0.050
	Product recall affects business efficiency C51
	0.540
	0.027

	
	
	Product recalls raise legal issues C52
	0.163
	0.008

	
	
	Product recalls increase business spending C53
	0.297
	0.015


[bookmark: _Toc14694][bookmark: _Toc7709][bookmark: _Toc711]Table 4.8 Total weight calculation of risk indices
[bookmark: _Toc16237][bookmark: _Toc21954][bookmark: _Toc14471][bookmark: _Toc452][bookmark: _Toc4638][bookmark: _Toc31777][bookmark: _Toc18778][bookmark: _Toc4928]4.4.3 Comprehensive evaluation of supply chain risks
In the questionnaire survey, a total of 13 valid questionnaires were collected, and the results were statistically obtained.
	First level index
	Second level index
	level of risk

	
	
	Very low
	Low
	Medium
	High
	Very high

	B1
	C11
	3
	2
	4
	2
	2

	
	C12
	4
	3
	3
	2
	1

	
	C13
	3
	3
	4
	2
	1

	
	C14
	1
	3
	5
	3
	1

	
	C15
	2
	5
	3
	1
	2

	
	C16
	3
	5
	1
	3
	1

	B2
	C21
	3
	7
	2
	1
	0

	
	C22
	3
	4
	4
	1
	1

	
	C23
	0
	4
	5
	3
	1

	
	C24
	1
	6
	5
	1
	0

	
	C25
	2
	5
	4
	2
	0

	
	C26
	0
	0
	4
	6
	3

	
	C27
	1
	4
	6
	1
	1

	B3
	C31
	3
	4
	3
	1
	2

	
	C32
	1
	4
	5
	2
	1

	
	C33
	1
	3
	5
	3
	1

	
	C34
	1
	1
	4
	5
	2

	
	C35
	3
	4
	4
	3
	3

	
	C36
	2
	3
	3
	3
	2

	
	C37
	3
	5
	2
	2
	1

	B4
	C41
	2
	5
	2
	2
	2

	
	C42
	3
	5
	2
	1
	2

	
	C43
	0
	5
	5
	2
	1

	
	C44
	1
	2
	5
	4
	1

	
	C45
	2
	2
	5
	3
	1

	
	C46
	3
	5
	2
	2
	1

	B5
	C51
	2
	3
	5
	2
	1

	
	C52
	3
	4
	4
	1
	1

	
	C53
	2
	5
	4
	1
	1


[bookmark: _Toc14570][bookmark: _Toc10334]Table 4.9 Risk rating scale
The indicator weight table and the risk score table are combined to get the following:
Convert the risk score of each index in the above table to the frequency of occurrence, and get the following table.
	First level indices’ weights
	Second level indices’ weights
	Very low
	Low
	Medium
	High
	Very high

	B1
0.056
	C11
	0.101
	0.231
	0.154
	0.308
	0.154
	0.154

	
	C12
	0.101
	0.308
	0.231
	0.231
	0.154
	0.077

	
	C13
	0.023
	0.231
	0.231
	0.308
	0.154
	0.077

	
	C14
	0.437
	0.077
	0.231
	0.385
	0.231
	0.077

	
	C15
	0.284
	0.154
	0.385
	0.231
	0.077
	0.154

	
	C16
	0.054
	0.231
	0.385
	0.077
	0.231
	0.077

	B2
0.160
	C21
	0.039
	0.231
	0.538
	0.154
	0.077
	0.000

	
	C22
	0.081
	0.231
	0.308
	0.308
	0.077
	0.077

	
	C23
	0.167
	0.000
	0.308
	0.385
	0.231
	0.077

	
	C24
	0.092
	0.077
	0.462
	0.385
	0.077
	0.000

	
	C25
	0.095
	0.154
	0.385
	0.308
	0.154
	0.000

	
	C26
	0.423
	0.000
	0.000
	0.308
	0.462
	0.231

	
	C27
	0.103
	0.077
	0.308
	0.462
	0.077
	0.077

	B3
0.463
	C31
	0.038
	0.231
	0.308
	0.231
	0.077
	0.154

	
	C32
	0.056
	0.077
	0.308
	0.385
	0.154
	0.077

	
	C33
	0.181
	0.077
	0.231
	0.385
	0.231
	0.077

	
	C34
	0.357
	0.077
	0.077
	0.308
	0.385
	0.154

	
	C35
	0.111
	0.231
	0.308
	0.308
	0.231
	0.231

	
	C36
	0.168
	0.154
	0.231
	0.231
	0.231
	0.154

	
	C37
	0.089
	0.231
	0.385
	0.154
	0.154
	0.077

	B4
0.252
	C41
	0.121
	0.154
	0.385
	0.154
	0.154
	0.154

	
	C42
	0.063
	0.231
	0.385
	0.154
	0.077
	0.154

	
	C43
	0.067
	0.000
	0.385
	0.385
	0.154
	0.077

	
	C44
	0.367
	0.077
	0.154
	0.385
	0.308
	0.077

	
	C45
	0.271
	0.154
	0.154
	0.385
	0.231
	0.077

	
	C46
	0.111
	0.231
	0.385
	0.154
	0.154
	0.077

	B5
0.069
	C51
	0.540
	0.154
	0.231
	0.385
	0.154
	0.077

	
	C52
	0.163
	0.231
	0.308
	0.308
	0.077
	0.077

	
	C53
	0.297
	0.154
	0.385
	0.308
	0.077
	0.077


[bookmark: _Toc5583][bookmark: _Toc2395]Table 4.10 Frequency of risks

Then, the fuzzy vector of the secondary indices is calculated according to the formula  
Planning process:


Purchasing process:


Manufacturing process:


Delivery process:



Return process:



The fuzzy judgment matrix of the first-level indices is constructed by the fuzzy judgment vector of the second-level indices, as follows:


Then, according to the above formula, the fuzzy judgment vector of the first-level index is calculated:


Finally, use the center of gravity method to defuzzify and calculate the risk factor evaluation value of the automotive supply chain, namely:



In summary, the final assessment value of risk factors in the automotive supply chain is shown in the following table:
	Risk Index
	Plan
	Procurement
	Manufacture
	Delivery
	Return
	Overall assessment

	Weight
	0.073
	0.162
	0.464
	0.251
	0.050
	5.117

	Assessment
	4.618
	5.398
	5.341
	4.827
	4.301
	


[bookmark: _Toc18610][bookmark: _Toc8653]Table 4.11 Results of risk assessment
According to the above evaluation results, the overall risk of the automobile supply chain where company D is located is still between medium and high risk levels, and the five types of first-level risks are ranked from high to low: procurement process risk, manufacturing process risk, Delivery process risk, planning process risk, return process risk.The results discussion are discussed  in chapter 5.


5. [bookmark: _Toc15636][bookmark: _Toc2391][bookmark: _Toc11540][bookmark: _Toc14555][bookmark: _Toc26686][bookmark: _Toc4616][bookmark: _Toc31755][bookmark: _Toc19854][bookmark: _Toc5716]Discussion
[bookmark: _Toc32607][bookmark: _Toc2346][bookmark: _Toc6515][bookmark: _Toc29363][bookmark: _Toc21918][bookmark: _Toc19741][bookmark: _Toc20034][bookmark: _Toc6830][bookmark: _Toc25848]5.1 Introduction
Based on the previous assessment of automobile supply chain risks, this chapter attempts to interpret the results of the assessment and discuss the actions companies should take to face these risks. This chapter first expounds the main principles of risk management. Based on these principles, firstly, control measures are proposed for main risks, and then overall risk control measures are proposed from a holistic perspective.
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The Table 4.11 shows that procurement and manufacture processes are between medium risk and high risk.
For procurement risk, there are many reasons. For example, the quality of raw materials supplied from raw material suppliers can not be to standard, leading to non-compliance of auto parts, which eventually leads to the failure of the quality and quantity of cars to be rolled off the assembly line or even the occurrence of car recalls.
The second risk is the manufacturing process. Due to the impact of the Covid-19 pandemic, Company D was almost in a state of shutdown in first quarter of 2022, and it did not ease until the summer, and this natural risk is almost unpredictable and uncontrollable.
Besides these, the assessment value of delivery risk is also high, because there are always various unplanned risks in the transportation process of raw materials, parts and vehicles. Although these risks are easy to control after they occur, due to many unexpected situations, so the probability of occurrence is high.
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[bookmark: _Toc29644][bookmark: _Toc18257][bookmark: _Toc16031][bookmark: _Toc9899][bookmark: _Toc21187][bookmark: _Toc18034][bookmark: _Toc12216][bookmark: _Toc27192][bookmark: _Toc13174]5.3.1 Risk Control Principles
According to the characteristics of the supply chain risk about automobile industry in risk identification and control, this section will study the risk control, and the principles that should be followed in the risk control process are shown in the following figure:

[image: C:/Users/Administrator/AppData/Local/Temp/wps.eFvGdVwps]
[bookmark: _Toc21137][bookmark: _Toc13681][bookmark: _Toc16319][bookmark: _Toc14624]Figure 5.1 The principles of risk control
(1) Holism. To control the risk of the automotive supply chain, we cannot study a particular enterprise in the supply chain alone. The risk control of the automotive supply chain involves a number of enterprises and multiple links, which do not exist separately but are in a state that involves the whole body. When the risk actually breaks out, it needs to be analysed based on the overall picture. Rather than simply transferring the risk away from yourself, manager need to take each link into account. In this way, instead of eliminating the risk, it will bring more unknown risks to the whole supply chain.
(2) Dynamicity. The actual environment of the supply chain has continuous changes, each node enterprise is also in an important period of development, the actual risk prevention ability continues to produce changes, society also has continuous evolution and other characteristics, which also makes the policy risk will therefore produce certain adjustments. Risk control programmes in this area therefore need to better meet the requirements of such changes, taking into account the strategy and size of the nodal companies and other regulatory controls to develop a control strategy that can meet the requirements.
(3) Objectivity. This principle requires companies to develop more realistic and reliable data based on facts, as exaggerating or distorting specific situations can make risk management significantly more complex. The failure of decision makers to make accurate judgements also exposes companies to greater risk.
(4) Applicability. Each node needs to develop new risk control solutions that not only bring its systems up to scratch, but also do what is expected of them when risks arise. The only way to better control the spread of risk is to strengthen the risk control capabilities of each node.
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The various risk factors in the supply chain were derived in the risk identification phase and the risk factors that should be focused on for control in the automotive supply chain were assessed using AHP-FUZZY. The following different measures are taken to control each stage in the supply chain based on the SCOR model, as shown in the figure below.
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[bookmark: _Toc3648][bookmark: _Toc28821][bookmark: _Toc24305][bookmark: _Toc23706]5.3.2.1 Risk control measures in plan
For the core companies in the supply chain, it is necessary to efficiently develop corresponding risk control functions, effectively study the specific categories and levels of relevant risks, formulate more reliable solutions for this, and use the risk-taking plan to deal with them. The various risks that exist apply multiple categories of measures. For specific vehicle model confirmation, it is necessary to carry out in-depth market research to ensure accurate cognition of relevant information and systematically recognize the needs of consumers for scenarios such as logistics; it is necessary to increase the final capital investment in the research and development field and introduce the latest in joint research methods. Such more efficient development methods help to effectively integrate technology and experience, accelerate the final technological development and breakthrough, and also help to cope with the difficulties caused by resignation; for specific price confirmation, it is necessary to calculate the detailed price levels of various models to ensure that consumers can recognize relevant information more easily and have a higher degree of recognition for this. In the field of systemic culture, the integration of various cultures is reliable, the degree of rapport is strengthened as much as possible, the friction and internal conflicts between the various cultures are better controlled and the management efficiency is better achieved.
The specific positioning of the supply chain culture means that the core company needs to scientifically select the final cultural orientation in the establishment, formulation and implementation of the scenarios, to ensure that the various activities and behaviours of the core company can meet the relevant cultural value standards, and to ensure that multiple cultural elements in the supply chain management system can achieve the ideal compatibility and matching effect, to enhance the ultimate adaptability of the cultural mechanism for management strategy and to achieve the best possible management effect. Secondly, cultural integration needs to be promoted and dealt with by means of training. Only if the companies and core companies at each node have the same values and management concept, can they continue the initiative of long-term cooperation and carry out more ideal cooperation. Only in this way can manager ensure the stability of the strategic partnership that meets expectations. Nodes and core enterprises have the same culture, which can achieve more ideal cooperation effects.
[bookmark: _Toc11042][bookmark: _Toc10298][bookmark: _Toc27649][bookmark: _Toc26698]5.3.2.2 Risk control measures in procurement
The procurement link is the key to determining whether a supply chain enterprise can operate normally, it is a key factor affecting the company's income, and it is also a very critical guarantee period for the overall vehicle quality. The idea of ​​"lean procurement" can be designed for this period. Instruct related companies to build factories near the enterprise and continuously optimize the corresponding supply chain resources. For the verification activities of procurement quality, it is necessary to transform "ex-post control" into "pre-prediction" to continuously improve the quality management level of all parties. Increase the training of experts. In addition to this, strict control measures are adopted for collaborative procurement. Collaborative procurement can meet the business needs of various fields, and effectively respond to the needs of multiple fields such as purchase orders and inventory inquiries.
With the continuous progress of automobile manufacturing technology and the continuous enhancement of customer purchasing power, the demand for auto parts products tends to be personalized and diversified, and the emergence of global procurement policies makes auto parts companies face a huge number of raw material suppliers, a single one. The procurement process has been unable to meet the increasing production needs of the company. In the overall supply chain scenario, if there is a problem in the selection of suppliers, it will seriously jeopardize the operation of the overall supply chain and have a wide-ranging impact.
Moreover, in order to ensure that the products meet the expected supply status, the final supply chain needs to have abundant supply channels, and cannot rely solely on specific suppliers. Although the increase in the number of suppliers will result in larger operating costs, risk-based From the perspective of analysis, it is a relatively reasonable behavior, and the key issue is to achieve a balance between the two. In the case of strong dependence on related materials, it is also necessary to calculate the existing regional risks and design a more abundant supply chain system, which helps to cultivate a competitive situation on the one hand, and can also control the existing single supply risk on the other hand . Build a relatively complete evaluation system, conduct overall research in various fields such as quality, delivery and service, analyze and evaluate data in detail through overall research, confirm the strengths and weaknesses of suppliers, and achieve substantial optimization of the supply system. Purchasing flow chart 5.3 presented in this paper, in the whole procurement process, enterprises need to first define the procurement needs to formulate a procurement plan, then select appropriate suppliers according to the clear selection criteria and evaluation system, and finally combine the supplier management to check the materials into the warehouse.

[image: wps]
[bookmark: _Toc925][bookmark: _Toc5228][bookmark: _Toc4728][bookmark: _Toc5135]Figure 5.3 Purchasing flow chart
[bookmark: _Toc1340][bookmark: _Toc6073][bookmark: _Toc552][bookmark: _Toc28726]5.3.2.3 Risk control measures in manufacturing
At present, the automotive industry still belongs to the category of traditional manufacturing. Although many companies have introduced robot production, most of its work still needs to be completed by humans, and the risk in the manufacturing stage is the stage where risks frequently occur in the supply chain.
In order to prioritize the control of risks in the manufacturing stage, you can refer to Toyota's "lean production" theory and knowledge of human factors. First of all, it is necessary to improve the production environment of the workshop to create a comfortable environment suitable for employees to work. After all, people are the main body of production. A comfortable production environment can ensure that employees can engage in production work in the mood of making an appointment, thereby reducing the error rate and risk. Provide comprehensive training to employees before they take up their jobs, and assign standard actions and standard working hours for employees to ensure normal production efficiency. In order to cope with the rapidly changing market demand, a scientific and flexible production management model should be introduced. Pay attention to the 5S management of the production site, pay attention to the cleaning and maintenance of the facilities, carry out inspections of the facilities at a fixed frequency, and strengthen the training of operators to achieve effective control of operational errors. Through various research activities on user needs, build a more ideal inventory system, refer to the material consumption information at the same stage and the demand in the recent period, calculate the overall storage and out-of-stock expenses, make the corresponding inventory plan, and take the necessary Fixed storage solution to maintain a more ideal inventory state. The risk control measures in the manufacturing stage are shown in Figure 5.4:
[image: wps]
[bookmark: _Toc7899][bookmark: _Toc22717][bookmark: _Toc21964][bookmark: _Toc31220]Figure 5.3 Risk control measures in manufacturing
[bookmark: _Toc10620][bookmark: _Toc13124][bookmark: _Toc21602][bookmark: _Toc12034]5.3.2.4 Risk control measures in delivering
The delivery process can also be called the sales process. In this activity, the construction of the marketing network, after-sales service and other fields continue to strengthen innovation, actively develop sales channels, respond more ideally, and achieve the expected sales as much as possible. volume target. In this process, it is necessary to actively develop the overall procurement system, conduct in-depth exchanges with the government, and build a more complete service trade mechanism with the help of the government. The construction and optimization of the service trade system, as a key way to strengthen the competition of imported automobiles, will help to develop a larger market. At present, although China's auto industry has built a relatively complete sales service network and insurance system, there is a significant gap between it and the foreign auto industry system. For such problems, it is necessary to quickly build a more independent service trade system that is effectively connected with the latest international level. The overall service trade covers a wide range, including domestic trade, import and export and other fields, and involves a relatively large number of management agencies. Therefore, multiple agencies have relatively close cooperation. Condition, standardization, long-term and short-term solutions, which are critical for future development. In this period, we can start to build corresponding incentive and restraint mechanisms, so as to avoid agents using their own information and harming the interests of other individuals as much as possible. Relying on the latest information technology, start to establish a corresponding information sharing platform, expand more ideal information sharing, and achieve more ideal information sharing and integration. Relying on such methods to coordinate information feedback and other issues, based on information sharing to achieve better collaborative work results. Key personnel who have a significant impact on performance must analyze the development needs of careers and careers based on this position, and can achieve better results in material, spiritual and other fields, and ensure that they truly recognize that resignation is not for the purpose. The best choice, enhance the sense of belonging to the company, and contribute as much as possible.
[bookmark: _Toc15663][bookmark: _Toc15326][bookmark: _Toc17404][bookmark: _Toc32058][bookmark: _Toc28395][bookmark: _Toc10744][bookmark: _Toc2147][bookmark: _Toc18563][bookmark: _Toc5293]5.3.3 Overall Risk Control Measures
The specific control measures for risks in each stage of the supply chain of the automotive industry have been introduced above. From the perspective of the entire supply chain, we also need to pay attention to the following aspects:
(1) Control the existing redundancy problems as much as possible to achieve a substantial simplification of the overall supply chain. The risks in the overall supply chain system, to a considerable extent, stem from the continuous complexity of the supply chain, which also leads to large-scale uncertainties. This will greatly increase the complexity of supply chain coordination. There are relatively more intermediate procedures involved, so there will be more waste of resources, and internal and external risks will continue to increase. It is necessary to promote the corresponding process reorganization of the supply chain, select companies with better technology and credit, build a more stable partnership, control the existing redundancy problems as much as possible, and use new parallel methods for procurement and manufacturing of each company. Management plan to ensure that the expected handover and vertical management can be achieved, to ensure that delay problems can be ideally controlled, and to adopt corresponding real-time tracking and feedback support, relying on such methods to ensure the stability and efficiency of the supply chain.
(2) Confirm the leading position of the vehicle enterprise. The supply chain is not a simple chain, it belongs to the management mechanism derived from the overall enterprise, builds close cooperation with strategic partners, and further shapes a more standardized overall factor. The actual operating efficiency of the company will have a great impact on the supply chain, and the existing risks are also the key risks of the supply chain. Whether it is the establishment or management of the supply chain, vehicle manufacturers have a great influence on the entire industry chain. Managing risk factors in this field is the key to managing and controlling supply chain risk factors. Because the supply chain has relatively close business connections, the leadership effect of the vehicle manufacturing company is conducive to maintaining sufficient pressure for improvement in the overall supply chain, thereby improving the synergy and operational efficiency of the automotive industry supply chain.
(3) Strengthen the control measures applicable to core resources. The leadership of a core company usually comes from the fact that it has a wealth of resources. If the core company cannot master the relevant resources, it is necessary to strengthen the relationship with the companies that have such resources, and actively develop more and more in-depth strategic partners. Strengthen the management and control of core resources, which is extremely critical to risk control. Generally speaking, core resources can be controlled by means of mergers and equity participation, and a reliable core supply chain can be developed to ensure the stable operation of the entire supply chain as much as possible.
(4) Establish a risk early warning indicator system. Each node of the supply chain has significant risks, so such management solutions need to be persistent to form a more efficient risk prevention system. This kind of risk early warning is an active management scheme, establishing a warning system that meets the needs, that is, effectively developing various analysis schemes, realizing more ideal risk monitoring, ensuring that management and decision makers can grasp the relevant risk factors in the supply chain, and inform all Members prepare in advance or adopt relevant plans to prevent potential risks from turning into actual losses as much as possible, so as to achieve the effect of taking precautionary measures, relying on early warning indicators to recognize detailed risks, and expand reliable information for subsequent decision-making, which is more convenient Use various risk prevention programs to improve the final service level. Relying on the system to record the causes and solutions of risks in detail, fill in the shortcomings of the current management system, expand reliable data support for subsequent management activities, and ensure the sustainable and healthy development of the supply chain. The risk early warning mechanism is shown in Figure 5.5.
[image: C:/Users/Administrator/AppData/Local/Temp/wps.AgjYvawps]
[bookmark: _Toc32532][bookmark: _Toc21419][bookmark: _Toc15626][bookmark: _Toc3120]Figure 5.5 Risk early warning mechanism
The information center collects various information in the operation of the supply chain and feeds it back to the information transmission organization. The information transmission organization distributes the information to the information analysis center, and the information analysis center compares the analysis results with the risk indicators. If the information is risky, the information will be fed back to the risk processing center for processing, and after processing, it will be tested again in a loop until there is no risk; if the information is risk-free, it will also be passed to the risk processing center through organizations at all levels without any processing.


6. [bookmark: _Toc7754][bookmark: _Toc19213][bookmark: _Toc1493][bookmark: _Toc5045][bookmark: _Toc22492][bookmark: _Toc30774][bookmark: _Toc25984][bookmark: _Toc5127][bookmark: _Toc31736]Conclusion
[bookmark: _Toc12191][bookmark: _Toc12992][bookmark: _Toc6257][bookmark: _Toc26266][bookmark: _Toc19433][bookmark: _Toc13322][bookmark: _Toc8145][bookmark: _Toc7242]6.1 Main Conclusions
With the rapid development of society and the high integration of the global economy, especially the increasing cooperation between enterprises in various countries, the research on supply chain is becoming more and more important. The turbulent international situation and the volatile external environment have severely impacted the stability of the supply chain. In particular, the automotive industry supply chain has a complex structure and numerous members, making it more vulnerable to various risks. At present, the world's major automobile manufacturers have been more or less affected by the stagnation of production due to risks in the supply chain. 
In view of the above problems, this paper studies the supply chain risk, establishes a supply chain risk index system on the basis of SCOR model, and uses the AHP-FUZZY model to assess the risk, so as to formulate reasonable and effective control measures according to the evaluation results. The work of this paper mainly includes the following aspects:
(1) Build a SCOR model to identify risks. For different enterprises in the supply chain, the risk is comprehensively and three-dimensionally identified from the five aspects of planning, procurement, manufacturing, distribution and return. On this basis, a total of 29 types of risks were identified, the supply chain risk index system was established, and the severity of each risk was obtained by means of a questionnaire survey.
(2) Use the AHP analytic hierarchy process to calculate the weights of each level index in the risk index system; in the FUZZY evaluation process, combine the results of the previous weight calculation and the risk severity to obtain the fuzzy vectors of the first-level and second-level indicators, respectively. Defuzzification by the center of gravity method to get the result of the final risk assessment
(3) On the basis of risk identification and effective assessment, firstly put forward relevant measures for supply chain risk control from the aspects of the enterprise itself and external cooperation. Then according to the SCOR model, it proposes specific measures to control the risk in this stage from four aspects: planning, purchasing, manufacturing and distribution.
[bookmark: _Toc18174][bookmark: _Toc6728][bookmark: _Toc827][bookmark: _Toc21806][bookmark: _Toc10103][bookmark: _Toc28503][bookmark: _Toc30933][bookmark: _Toc26202]6.2 Limitations and Further Research
Also, this paper still has some shortcomings, mainly as follows:
(1) It is a risk questionnaire, the questions of the questionnaire design are open-ended questions, and the purpose is to allow practitioners to identify the risks of the new energy vehicle supply chain. This questionnaire method is very subjective and not very persuasive. At the same, the number of questionnaire is limited.
(2) The research is not deep enough, this article is only a preliminary exploration of the supply chain risk.
(3) This paper only uses the AHP-FUZZY method. In fact, there are other risk assessment methods, but they are not introduced and compared. Therefore, in future research, other types of methods should be introduced to validate the same data.
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Appendix
[bookmark: _Toc14411][bookmark: _Toc20953][bookmark: _Toc12175][bookmark: _Toc13528]Automobile supply chain risk questionnaire
Dear Ms./Mr.:
I am honored to invite you to this questionnaire. We are conducting an academic project, hoping to use your professional knowledge to better understand the current status of supply chain risks in China’s automobile industry. We guarantee that the questionnaire will not be applied anywhere outside of academic research. Looking forward to your reply.

First Part  Background Survey (Please call √)

Your age:

	20-30
	30-40
	40-50
	50-60

	
	
	
	



Your department:

	Procurement department
	Production department
	Sales 
department
	Financial department

	
	
	
	



Your length of employment:

	0-5 years
	6-10 years
	11-20 years
	More than 20 years

	
	
	
	



Second Part  Supply Chain Risk Survey (Please call √)

Here are the common supply chain risks we currently collect. I hope you can score the following risks with professional knowledge and rich experience and the actual status of your company.

	First level index
	Second level index
	level of risk

	
	
	Very low
	Low
	Medium
	High
	Very high

	Planning process risk
B1
	Inaccurate strategic planning C11
	
	
	
	
	

	
	Conflict of strategic objectives among supply chain members C12
	
	
	
	
	

	
	Policy instability C13
	
	
	
	
	

	
	Unstable external environment C14
	
	
	
	
	

	
	Staff cultural quality is not high C15
	
	
	
	
	

	
	Lack of shared cultural values C16
	
	
	
	
	

	Procurement process risk
B2
	Improper selection of suppliers C21
	
	
	
	
	

	
	Insufficient production flexibility of component suppliers C22
	
	
	
	
	

	
	Capacity of key component suppliers C23
	
	
	
	
	

	
	Economic instability C24
	
	
	
	
	

	
	Frequent exchange rate fluctuations C25
	
	
	
	
	

	
	Quality problem of purchased parts C26
	
	
	
	
	

	
	Slow delivery C27
	
	
	
	
	

	Manufacturing process risk
B3
	Improper operation C31
	
	
	
	
	

	
	Unreasonable inventory control C32
	
	
	
	
	

	
	Excessive cost C33
	
	
	
	
	

	
	Low production quality C34
	
	
	
	
	

	
	Insufficient technical background C35
	
	
	
	
	

	
	Lack of funds C36
	
	
	
	
	

	
	Long development cycle of product C37
	
	
	
	
	

	Delivery process
B4
	Unreasonable supply chain structure C41
	
	
	
	
	

	
	Lack of internal communication C42
	
	
	
	
	

	
	Ambiguity of responsibilities C43
	
	
	
	
	

	
	Technology does not meet needs C44
	
	
	
	
	

	
	Improper selection of transportation routes and tools C45
	
	
	
	
	

	
	Supply chain information is opaque C46
	
	
	
	
	

	Return process
B5
	Product recall affects business efficiency C51
	
	
	
	
	

	
	Product recalls raise legal issues C52
	
	
	
	
	

	
	Product recalls increase business spending C53
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