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Introduction
China has become the world's largest automobile market since 2008, and China's automobile production and sales volumes were nearly 30 million in 2017 (Zhang and Zhang, 2018). However, Chinese customers do not gain much benefit from their largest automobile market, one big problem they have for a long time is that they frequently need to pay extra money for the best-selling car of the time. According to the information collected from China’s websites (Auto sina, 2017; Auto sina, 2018), when some new launched models became the blockbuster in China’s automobile market, the dealers would request for increased price for the customers who are keen to purchase the new cars because the dealers claimed they could not get enough supplies from the automobile manufacturers. In the other hand, some cars with very poor sales are still in production, and the dealers are trying to sell them by offering large discount to the customers (Sohu, 2017). The reasons behind the phenomenon are many, and according to the author’s analysis, the vulnerability in China’s automobile supply chain may contribute in part to some of the disruptions that have been exiting in China’s automobile market for many years.
As a matter of fact, China’s automobile supply chain is an international supply chain which import a lot of automotive parts from overseas. For example, Toyota, General Motors and other international automobile manufacturers who are running business in China generally have 59%-71% of their parts coming from overseas, and they only retain the specialized production of their key components (Mao, 2015). As suggested by Zhang and Zhao (2011) who stated that European automotive manufacturers were unable to solve the problem of parts supply because their international supply chains are vulnerable and they failed to manage the supply chain effectively, which eventually led to higher costs and unstable production of European cars in China. Moreover, recent research (Mao, 2015; Hou and Mao, 2015) showed that the structure of China’s automobile supply chain is complex and lacked efficiency and effectiveness. Therefore, there must be many potential risks that exist in China’s automobile supply chain which cause the price fluctuation of cars in China’s automobile market, automotive manufacturers’ poor responses to market demand as well as inefficiency and ineffectiveness of automotive supply chain.
In the following paragraphs of this report, the vulnerability of China’s automobile supply chain is critically evaluated, and the steps based on critical evaluation to make the supply chain more resilient are suggested. As stated by Elleuch, et al. (2016), vulnerability and resilience in the supply chain are two concepts that they are all related to risk management. Therefore, in this report, the aim of evaluating these two concepts in Chinese automobile supply chain is to find out a way suitable for Chinese automobile manufacturers to ensure the performance and sustainability of their supply chain. All the supply chain management’s recommendations which are derived from this research are described in the last section.
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The roots of sources of supply chain vulnerability can be distinguished into two basic groups: internal and external sources (Vlajic et al.,2012), which means a part of the vulnerability come from the supply chain environment, such as market, infrastructure, legislation, society and finance, and the rest of the vulnerability are within the supply chain, such as information system and organization structure. In addition to this classification method, Sheffi (2005) recorded that as the world's leading automobile manufacturer, General Motors listed more than 100 possible problems and classified them into four categories by analyzing its own supply chain, the four categories are: financial vulnerability, strategic vulnerability, risk vulnerability and operational vulnerability. Many years ago, a Chinese expert (Ning, 2004) evaluated the supply chain vulnerability produced by the complexity of the supply chain in China, and suggested that the factors affecting supply chain vulnerability are incorrect application of Just In Time (JIT), globalization trend of supply chain, centralized production and distribution, increasing of outsourcing, reduction in the number of suppliers, fluctuation in demand and lack of transparency and control measures. After years of development, China’s automobile supply chain has become increasingly complicated since it is operating in world's largest automobile market. As a result, the old factors are still risks in the supply chain (Zhang and Zhao, 2010), but also some new potential risks have emerged, and all the factors would potentially threaten the supply of products in China’s automobile market. The new potential risks that exist in China are distinguished and classified by the principles mentioned above in the following paragraphs.
To begin with, one external source of supply chain vulnerability in China is lack of reliable logistic outsourcing. A few years before China became the world's largest automobile market, according to the paper wrote by Li (2005), several world's top automobile logistics companies started running their business in China. However, after more than ten years of development, there is still lack of dependable logistics services in automotive industry that are capable to undertake the logistics and transportation functions for the supply chains of automobile manufacturers in China (Hou and Mao, 2015), which lead to the automobile manufacturers having no choice but to conduct the logistics by themselves and the operating costs of the enterprises become larger in the operation process. As suggested by Zhang (2014) who found that the overall development of logistics level in China is still insufficient to fulfill the needs of automotive industry, and logistics companies that can provide comprehensive services for the supply chain of automobile manufacturers are in need.
The second external source is limited number of OEMs and increasing globalization. Regard to the supply chain in automotive industry, there is a common potential risk that exist in automobile supply chain all over the world, and it became increasingly threatening because of the globalization. A German research (Thun and Hoenig, 2011) has found that the most significant characteristic of automobile supply chain is that there are substantial kinds of raw materials and the majority of product features are determined, designed, and developed by Original Equipment Manufacturers (OEMs). Unlike any other industry, the automotive industry is dominated by limited number of OEMs and they rule smaller firms especially suppliers without any space for negotiation. What makes the situation even worse in China is that some research (Ren, 2011; Hou and Mao, 2015) show the number of OEMs is decreasing over the years. Since manufacturing process of vehicles needs many kinds of components, relationships with hundreds of first tier supplier as well as thousands of second and third tier suppliers must be managed and maintained in an ordinary automobile supply chain. In addition, with the globalization continuously developing, Sturgeon et al. (2009) suggested that today’s OEMs supply chain transport materials and components from all over the world into their own factories in where they will be able to produce vehicles. End products are transported to dealers who take the responsibility of distributing vehicles and deliver them to end costumer. In usual, OEM’s supply chain is constituted by several kinds of suppliers including direct, indirect and integrator suppliers which are responsible to delivery raw material, parts, and complex components to the manufacturer.
One internal source of supply chain vulnerability in China’s automotive industry is the increased tendency of employing lean and agile strategies. Peck (2005) research paper found that low-cost solutions, like lean production, could help companies beneficially, but they would cause more potential risks that may lead to more vulnerable supply chains. Recently, some companies in China and the rest of world are looking for an implementation of Industry 4.0 technologies into existing lean production systems (Wagner, Herrmann and Thiede, 2018). More than ten years ago, a Chinses expert Ning (2004) suggested that supply chain would become vulnerable if JIT method is applied with emphasis only on efficiency rather than effectiveness. However, there still are many examples can be found in researches published in China (Zhang and Zhao, 2010; Ren, 2011; Zhang, 2014) which show some incorrect applications of low-cost solutions exiting in China’s automotive industry. To some extent, it is still unclear to many Chinese manufacturers that the main factors to survive in the market fluctuations are not only the low cost, high quality, and short delivery time; but also overcoming disruptions that may compromise the performance of supply chain.
Another internal source needs to be evaluated is that China’s automobile supply chain has difficulties in sharing information and developing collaboration among supply chain members. Nikookar et al. (2014) and Vlajic, Van der Vorst and Haijema (2012) both paid attention to information transparency and collaboration among organizations in supply chain due to the reasons that they are indispensable factors to supply chain vulnerability and resilience. According to Zhang (2014), it is difficult to gain information in China’s automobile supply chain because there is Isolated island Phenomenon in logistics information network of China, which makes it impossible for organizations within the supply chain to share information resources. Moreover, A lot of companies in the automotive industry, especially the state- owned enterprises, adopt vertical organizational structure (Ren, 2014), which restricts the implementation of sharing information in supply chain at a large extent. The reason behind the phenomenon is information asymmetry in supply chain. Some Chinese researchers (Zhang and Zhao, 2010; Hou and Mao, 2015) have found that the development level of information technology in various organizations in China’s automobile supply chain is inconsistent, which has become an obstacle to information exchange. Since sharing information is rather inconvenient, it is impossible to develop collaboration effectively with other supply chain members in China.
There are other potential risks existing in automobile supply chain, such as poor quality of raw materials, product design risk, high inventory cost and shifting demand across time (Prakash, Agarwal and Kumar, 2018). However, they are not typical risks in china’s automotive industry due to they are common risks in manufacturing supply chain around the world, therefore, they are not evaluated in this report.
In conclusion, supply chain risks are usually arising from interactions among organizations within the supply chain. Regard to the vulnerability of China’s automobile supply chain, besides what was suggested before by Ning (2004), the external sources are:
1. Lack of reliable logistic outsourcing, 
2. Limited number of OEMs and increasing globalization, 
3. Poor quality of raw materials, 
4. Shifting demand across time. 
The internal sources are: 
1. The increased tendency of employing lean and agile strategies, 
2. Difficulties in sharing information and developing collaboration, 
3. High inventory cost, 
4. Product design risk. 
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The resilience in supply chain provides the capability to cope with disruptions but it does not stop disruptions occurrence (Nikookar et al., 2014). According to Carvalho, Maleki, and Cruz-Machado (2012), the main goals of the resilient practices are to recover to original state or even desired state of the disrupted supply chain within reasonable time and cost as well as softening the impact of disruptions. As suggested by Nikookar et al. (2014) who found that the most critical practices which help companies to be more resilient against disruption occurrence are improving velocity of the supply chain, information sharing, developing collaboration among supply chain member and developing visibility throughout the supply chain. Pettit, Fiksel and Croxton (2010) in their research paper found that of all the ways to achieve resilience capability in supply chain context, two strategies, namely, redundancy and flexibility hold the greatest significant. Resilience would be enhanced through proper utilization of practices contributing to these strategies.
Redundancy indicates maintaining extra resources and capacity in the supply chain to deal with unexpected disruptions. According to Rice and Caniato (2003), companies may pursue practices such as “Managing inventory”, “Maintaining production lines or facilities in excess of capacity requirement”, “Committing to contracts for material supply“, and “Maintaining dedicated transportation fleet” to implement redundancy strategy in their supply chains and appropriately respond to disruptions. In the contrast, flexibility emphasizes organizational capabilities to respond to unexpected disruptions. It mainly involves establishing capability within individual companies and the whole supply chain through prior investment in tangible and intangible assets. This means that the company would reutilize existing resources in one division to make up for the missed resources in other divisions. In this line, Rice and Caniato (2003) present “developing multi skilled work force”, “designing production systems that can accommodate multi products and real time changes”, and “adopting sourcing strategies that permit transparent switching of suppliers” as practices which can improve flexibility through supply chain.
Since many Chinese companies adopt vertical organizational structure which exert a negative influence on sharing information (Ren, 2014), Nelson, Moody, and Stegner (2001) suggested that companies should adapt flat organization structure which means team management of work and information among companies. This is mainly because an increasing number of corporate activities are implemented across departments or companies. The biggest disadvantage of vertical organizations is the weak cooperation between departments, while the flat organization runs according to the process and can be more easily carried out among relevant departments.
In order to realize collaboration in China’s automobile supply chain, a framework used to build robust supply chain processes and structures, namely “3Ts” (time, transparency and trust), suggested by Wilding (2003) is worth learning from for Chinese manufacturers. By addressing the 3Ts companies can achieve velocity within organizations with value-adding, gain transparency of key factors in the supply chain and build trust among organizations within the supply chain. Eventually, collaborative environment can be created through 3Ts.
No matter in China or the rest of world, anecdotal evidence shows that many companies are not willing to spend lots of money to adopt costly strategies for reducing bad effects of disruptive events in their supply chains that may not occur. Hence, robust strategies would be good alternatives as they help firms to reduce cost and enhance service quality in normal situation as well as they support companies during disruptions. The utilization of robust supply chain strategies lead to enhance the organization’s resilience when facing disruptive events. According to Sodhi and Tang (2012), ten robust practices are introduced to improve robust as well as resilience of companies as following: Postponement, Strategic stock, Flexible supply base, Make-and-Buy, Flexible transportation, Dynamic pricing and promotion in the case of disruption occurrence, Assortment planning, Silent product rollover, flexible contracts and flexible manufacturing process.
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Based on the evaluations made above, the recommendations for Chinese automobile manufacturers to realize resilient supply chain are listed as follows:
1. Companies should take measures, like establishing flat organization structure, to ensure the implementation of sharing information carried out smoothly.
2. Automobile manufacturers need to increase insurance investment while they utilize outsourcing services in their supply chain as long as logistic outsourcing is not reliable in China.
3. All organizations in China’s automobile supply chain must maintain a good relationship with OEMs by committing to contracts because the automobile industry is still dominated by OEMs.
4. When developing a new member within the supply chain, it is necessary to assess whether its level of information technology is consistent with other organizations in case of obstacles to information exchange.
5. Robust strategies would be good alternatives to reduce cost and enhance the organization’s resilience when facing disruptive events.
6. Pay attention to the capability to overcome disruptions while applying low-cost or value-adding strategies into supply chain.
[bookmark: _GoBack]7. Enhance resilience of supply chain by maintaining extra key resources and a team of well-trained work force.
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