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ABSTRACT

Research Title : The Impact of COVID-19 Regulations on Supply Chains in the

Automotive Industry

Researcher : Nikolaus Moos

Degree : Master of Business Administration Program (International Program)

Major : International Business

Advisor :              …………………………………….

(Dr. Tanakorn Limsarun)

………... / …………… / …………

The emergence of the coronavirus has changed many aspects in our lives. Some of them

will probably remain. After two years, the pandemic is still not over. The governments have

introduced strict regulations, especially in the beginning, in 2020 in order to stop the spread of the

virus. Many regulations are affecting the international supply chains, especially the automotive

supply chains, as they have many aspects of fragility, more than many other industries. In this

paper the automotive supply chains and impacts of the international COVID-19 policies on them

are analyzed. Afterwards advice is given on how supply chain managers can prepare better for

such uncertainties in the future by literature review. The result is that supply chain managers

should now rethink their supply chain structures. In the last years the automotive supply chains

became more and more international, as trade barriers fell and transport costs sank. Now there is a

turning point. Besides the pandemic regulations there are more influencing factors for this

development, trade barriers are being rebuilt and transport costs are rising due to increasing carbon

emission prices. The answer should be localization of supply chains to the markets, multiple

sourcing for more (strategic) components and the introduction or increase of buffer stocks, to

prevent possible supply chain disruptions. This is of course no overall advice to every company in

the automotive industry, but the companies should rethink their strategies and revise their supply

chain structures in the current situation.

Keywords: COVID-19 Regulations, Supply Chain, Automotive Industry
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1. Introduction

The automotive industry has its origin in the USA in the 19th century (Larson, 2008), afterwards also

the U.K., Germany, France, Italy and later Japan became big players (Michigan, 1996). Today the biggest

players in the automotive industry are China, Japan, Germany, India, South Korea and the USA. Aspiring

countries are furthermore Mexico, Spain, Brazil and Thailand (OICA, 2022). Supply chain activities involve the

extraction of raw materials, the manufacturing of components, the assembling of products, warehousing and

transportation (Kenton et al., 2021 ). Thereby the focus lies on the process flow, involved by the information

flow. To classify the upstream of suppliers, the direct suppliers are called 1st tier suppliers and then dependent

on the upstream grade, 2nd-, 3rd-, etc. -tier suppliers (Rogers, 2022). The coronavirus (Sars-Cov-2) was firstly

discovered in China at the end of december 2019. The virus was estimated to be very deadly, with a high

infection rate. So the answers by the Chinese government were very strict. But unfortunately the international

outspread couldn't be prevented. So more and more countries followed by introducing measures like China.

Some countries implemented stricter measures, others less strict measures. This is applicable until today with the

fact that most countries adjust their measures by changing infection rates (Ritchie et al., 2022).

The automotive supply chains are today very complex, that is due to several trends we had in the past

years. Following they are summarized: globalization of the supply chains which led to more international

interdependencies, transfer of the production mainly final assembly closer to the markets, which led to emerging

production countries like China and Thailand, a growing up of car models on the markets and an increase of the

number of components and part numbers built in the cars (Aichner, 2013; Pavlínek et al., 2015; Essentra

Components, 2022; Swan, 2001). The automotive industry has been hit since the outbreak of the pandemics as

one of the hardest. The worldwide car production went down from 91,786,861 in 2019 to 77,621,582 in 2020,

which is a decline of 16% and 2021 there was only a slight recovery to 80,154,988 (OICA, 2022). Additional to

the decrease of production, customers have to wait longer now for car orders than before the outbreak, While the

average waiting time for a new car order was between 6 and 8 weeks before the COVID-19 crisis, afterwards by

the end of 2021 customers waited up to 6 months for their new car orders (Evans, 2021). At the same time

production and logistics costs have increased (Tan, 2021; Pertschy, 2022).

The aim of the paper is to describe how the different COVID-19 regulations have influenced the

automotive supply chains, which regulations had the biggest impacts and how supply chain managers can

prepare and react better for such situations in the future. The main focus lies on how the current situation should

be a turning point for companies' supply chain strategies. The research includes the automotive industry in some

of the biggest production countries, which partly are highly affected by pandemic regulations. As there are many

more countries in the world with automotive industries, general advice for all countries and companies cannot be
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given. Also not all effects of all COVID-19 regulations can be regarded, so the research focuses on the most

important influencing factors.

2. Research Methodology

This paper tries to give answers on the question, how companies should prepare better for the

occurrence of COVID-19 regulations or similar risks for supply chains. The paper is primarily a documentary

research paper. The sources of information are mainly literature research, but also communication with experts

and my own experience by working during the COVID-19 crisis as supply chain specialist at GKN, an

international 1st tier automotive supplier. Literature research includes only high quality references, like

professional journals, professional books and primary sources from the official internet pages of internationally

recognized organizations and governments. Sources of organizations include international associations and

official business reports of big automotive manufacturers. Also an important source are researches of the big

business management consultancies like Roland Berger and Mc Kinsey. Most information is at least double

researched to gain a high confidence of the findings.

In the literature review part the topics automotive supply chain aspects, COVID-19 regulations and

their impacts on the international supply chains are reviewed in detail. This is done by showing the structures

and regulations in 4 of the biggest car producing countries: China, Japan, Germany and Thailand. China has

been chosen, as it is the biggest producer with also very strict COVID-19 regulations, but with a low overall

decrease in production. Japan, as it is the 2nd biggest producer measured by passenger cars and with much less

COVID-19 regulations. Germany, as it was the number 4 biggest producer before the COVID-19 crisis, but with

a very high decrease in production then in 2020 and 2021. And Thailand, as it was an emerging producer with a

high decrease of production in 2020, but with a good recovery in 2021 (OICA, 2022; Ritchie et al, 2022).

In the results and discussion part, several studies about how supply chain managers should react now

on the COVID-19 crisis are being discussed. In the conclusion and recommendation part the author is giving his

own conclusion on the research question and an outlook for possible future research, so the research is inductive.

3. Literature Review

3.1. Supply Chain Aspects

As described in the introduction, today, especially the automotive supply chains are very complex.

This can be determined based on the following facts. While in 1970, there were 140 different new car models in

the market (USA), the number increased continuously to 240 car models in 1998 and 684 car models in 2012

(Aichner, 2013). The specialization of the companies progressed more and more. So we have more and more

participants and players, 1st-, 2nd-, 3rd-, etc. -tier suppliers today in the industry. Figure 1 shows the structure as
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exemplary. Due to the increasing specialization, the share of value creation of the suppliers in the automotive

industry has increased to up to 75 % now (Pavlínek et al., 2015). Furthermore, the supply chains are very

international today, as trade restrictions have been reduced in the past (Pavlínek et al., 2015), and also most

manufacturers and many suppliers are very huge and internationally represented by manufacturing sites today.

And until today, the typical supply chain strategies are highly based on the “lean production”-principle. That

means for the supply chains low inventories and just in time (JIT) or just in sequence (JIS) deliveries, to save

process and inventory costs (Baker, 2019).

Figure 1: The Automotive Supply Chain Structure exemplary

In table 1, the development of the annual automotive production worldwide and in the four considered

countries China, Japan, Germany and Thailand is shown. Except in China, the decrease in production since the

pandemics was massive. It is also seen that there already has been a decline before, but not to that extent. While

the automotive industry in Thailand recovered well in 2021 in Japan and especially in Germany, production

further decreased.
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Year / Country 2018 2019 2020 2021

China 27 809 (-4%) 25 721 (-8%) 25 225 (-2%) 26 082 (+3%)

Japan 9 729 (+-0%) 9 684 (-1%) 8 068 (-17%) 7 847 (-3%)

Germany 5 120 (-9%) 4 661 (-9%) 3 742 (-24%) 3 096 (-12%)

Thailand 2 168 (+9%) 2 014 (-7%) 1 427 (-29%) 1 686 (+18%)

Worldwide 95 635 (-1%) 91 787 (-5%) 77 622 (-16%) 80 155 (+3%)

Table 1: The automotive production in the selected countries and worldwide including commercial vehicles in thousand

units rounded (source: OICA, 2022).

Since the outbreak of the pandemics, the costs for production, warehousing and transport are highly

increasing. In figure 2, the index of container freight is illustrated. The increase between March 2020 and

February 2022 equals 700 %. In the warehouses bullwhip effects can be seen (Honda, 2021). That is caused by

uncertainties of deliveries, so the actors in the supply chains have to build up higher inventories to prevent

further supply chain disruptions. Figure 3 shows the international ocean schedule reliability, which dramatically

declined in 2020 and is still at this low level of 30 % in January 2022. This low reliability is responsible not only

for higher warehousing costs, also for higher production costs, as production plans have to be changed

frequently and cannot be set up in the longer term. Furthermore employee costs increased due to additional

safety at work requirements and absenteeism.

Figure 2: Global container freight rate index from July 2019 to February 2022, Source: Statista (Placek, 2022)
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Figure 3: Ocean Schedule Reliability (Source: DHL, 2022)

3.2. The Automotive Industry and Supply Chains in China

The Chinese automotive industry is characterized by big state-owned manufacturers, foreign

companies are only allowed to produce in joint ventures with local manufacturers (until January 2022). Chinese

brands have a share rate of about 40 % of the sold cars (Noël, 2020). Imported cars play with 5% of the total

number of sales, a relatively minor role, so the foreign brands are mainly produced in China (ITA, 2022). SAIC

Motor, Chang’an, Geely and Dongfeng are the biggest four dominating manufacturers, they are producing ca.

60 % of the whole volume (China Daily, 2021), they are producing both within joint ventures with foreign

manufacturers and independently. A very new trend now is that the Chinese manufacturers are starting to export

more and more cars, for 2021 the number exceeded the mark of 2 million units, ca. 8 % of the produced units

(Global Times, 2022).

The supply chains are still in a developing phase. As the industry had substantial growth rates in the

past years (until 2017) with a high focus on the primary producers (OEMs), the supplying industry was left

behind. In many areas, the manufacturers are dependent on foreign suppliers and many parts are not locally

sourced (Pawlicki et al., 2017). But in 2020, the central government gave this matter a higher priority in its

statement (Galea-Pace, 2020). So today the supply chains are improving, very well developed and relatively

independent. That can be seen in the low production decline in 2020 and 2021.
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3.3. COVID-19 Regulations in China and Impact on the Automotive Supply Chains

China was for a long time the first country with strict COVID-19 regulations, as the virus had its origin

there. So the way China responded to the outbreak became the benchmark for many countries. Also the Chinese

regulations were for a long time, from the beginning until today in comparison to those in other countries, one of

the strictest (Hale et al., 2021). Also China is until today one of the left countries still pursuing the so-called

“Zero-COVID”- strategy. This strategy has the consequence of hard restrictions on free movement, freedom of

travel and partly temporary company closures.

At the beginning of the pandemic, in February 2020, this strategy of China affected the international

supply chains very hard, particularly the automotive supply chains, as the outbreak was in the Hubei province

with many international automotive key suppliers (Zhan et al., 2021). As the strategy has not changed yet until

today, we still see big effects on the international supply chains. These effects are caused by local lockdowns

after local COVID-19 outbreaks and strict test and quarantine rules at the international harbor docks. The

international container crisis is supposed to be triggered by these lockdowns and quarantine rules, as they led to

long jams at the harbors (Duhalde et al., 2022). Despite the huge impact of the Chinese policy on the

international automotive supply chains, the production rate inside China barely decreased, the impacts hit mainly

other countries.

3.4. The Automotive Industry and Supply Chains in Japan

The Japanese automotive industry is highly dominated by Toyota with ca. 40 % production share rate

of the total country production. Additionally there are seven smaller producers named Daihatsu, Suzuki, Mazda,

Honda, Nissan, Subaru and Mitsubishi. Also a characteristic of the Japanese automotive industry is that it is

highly export-oriented, almost 50 % of the produced cars were exported in 2021 (Marklines, 2022). Imports,

with ca. 6 % of the registered cars play a smaller role.

In the past, the supply chains were locally structured, but the globalization trend from the 2000ies led

to more and more international connections and dependencies. The automotive supplier industry is highly

developed and it is different to the industries of other countries partly in direct ownership by the manufacturers

(Neely, 2017). The automotive industry is located throughout the country with a high focus on the southern

Chubu region, close to Tokyo (Jama, 2021). A special characteristic of the Japanese manufacturers is that

two-thirds of their production volumes are produced overseas (Marklines, 2020). And also the Japanese

automotive industry is well known for its supply chain approach, called lean production which is now applied

worldwide. This approach aims to keep inventories and buffers as low as possible, thus saving process and

storage costs (Baker, 2019).
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3.5. COVID-19 Regulations in Japan and Impact on the Automotive Supply Chains

Japan had since the beginning of the pandemic in international comparison relatively few COVID-19

regulations, especially for an industrial country. Only in some ways they became stricter over time, so there is

still a strikt travel ban from many countries (Hale et al, 2021). As the measures are relatively little, the impact of

these regulations is low. But as the Japanese supply chains are very dependent on imported raw materials from

East-Asian countries (with strict COVID-19 regulations) and on the availability of containers and international

trade, the Japanese automotive industry has also been hit hard by the pandemic (JETRO, 2020). The reduction of

the annual car production in Japan was 17 % in 2020 and then more 3 % in 2021 (OICA, 2022).

3.6. The Automotive Industry and Supply Chains in  Germany

The German automotive industry is highly dominated by the Volkswagen (VW) Group, which owns

several brands like VW, Audi, Seat, Skoda and Porsche. 44 % of the domestic car production are VW brands

(Volkswagen AG, 2021; OICA, 2022). Furthermore there are Mercedes Benz and BMW with respectively ca.

20%, Ford with ca. 11 % and Opel with ca. 5 % share rate of the domestic production of cars . Like the Japanese1

automotive industry the German is also highly export oriented, also ca. 50% of the produced cars were exported

in 2020 (VDA, 2021; OICA, 2022).

The supply chains are very complex. Traditionally there is a high number of medium sized companies.

But there are also big 1st tier suppliers like BOSCH, Continental and ZF Friedrichshafen (Gelowicz, 2020). In

the supply chains there are many inter europe connections. The German automotive supply chains are considered

highly specialized by international benchmarks. OEMs have outsourced many competencies to specialized

companies (Federal Ministry for Economic Affairs, 2022).

Even more than the Japanese car producers, the Germans produce overseas, the best example is the

VW group with worldwide 9 Mio. produced cars in 2020, while the domestic car production was just 1.6 Mio

(Volkswagen AG, 2021). VW group factories can be seen worldwide in many countries on all continents. Most

German brand cars were sold in China in 2020 (Kerler, 2021).

3.7. COVID-19 Regulations in Germany and Impact on the Automotive Supply Chains

The COVID-19 politics in Germany is characterized by alternating relaxed and strict measures. In the

beginning the government reacted relatively late, but then with very strict measures. After the infection rate went

down the regulations had been relaxed and then after the infection rate increased again, the regulations became

stricter again (Hale et al., 2021). Especially the first lockdown from March to May 2020 influenced the supply

1 These share rates are calculated from the announced numbers of the manufacturers published on the official annual reports divided by the total country

production number according to OICA (OICA, 2021).
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chains hard. On the borders to the neighboring countries long truck lines occured, as the European countries

closed them (Ankel, 2020). In March and April 2020 many car producers then shut down their factories. The

following reasons led to these shutdowns: supply chain disruptions caused by the China shutdowns and border

closures, more difficult production conditions as employees fear COVID-19, simplified legal situation for state

wage reimbursement and a general excess production with surplus stocks since 2019. (Koellner, 2020; Federal

Ministry of Finance, 2021; Perspektive Online, 2020). In total the German car production rate decreased since

2020 more than in most other countries, while the decrease in 2021 was mainly caused by the semiconductor

shortage (Pertschy, 2022).

3.8. The Automotive Industry and Supply Chains in  Thailand

The Thai automotive industry had in the past for a long time low economic significance. But since the

millennium, after the "Asian Crisis" it has had a similar development like the Chinese, however with less growth

in the 2010s years and less domestic shareholding (Warr, 2018). So until today the country got in the top ten

automotive producing countries worldwide. The industry is highly dominated by both Japanese production

companies and pick-up production (Rastogi, 2018). Contrary to the Chinese automotive industry, the Thai is

very export oriented with an over 50% export rate in 2021 (Marklines, 2022a). Also very specific for the Thai

automotive industry is its geographical concentration in the central area of Thailand between Bangkok and

Rayong (Rastogi, 2018).

The supply chains are still in a developing phase. As the industry had big growth rates in the years

from 2000 to 2013, driven by the big Japanese OEMs (Rastogi, 2018; Athukorala et al., 2009), the supplying

industry was left behind. Big automotive suppliers built up productions in the automotive industry areas in

Thailand, however the share rate of foreign produced automotive parts is still very high with 65 % in 2018, most

parts imports come from Japan (OECD, 2021).2

3.9. COVID-19 Regulations in Thailand and Impact on the Automotive Supply Chains

Thai governmental responses to COVID-19 can be seen as a mixing strategy compared to the

responses to the previously described countries. The introduction of measures was relatively late. The authorities

began mainly with strict travel bans and other measures, which later became relaxed. As infection numbers rose

then in 2021, there was a period of strict regulations. Until 2022 these measures have been relaxed again (Hale,

2021). So the Thai automotive industry got one of the hardest hits in 2020, mainly due to the strict travel

regulations and demand decrease. Nevertheless, it experienced a good recovery in 2021 (Marklines, 2022a).

2 Calculated from the OECD ICIO (Inter-Country Input-Output) table 2018 (OECD, 2021).
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4. Results and Discussion

In summarizing, we can say that COVID-19 regulations had enormous effects on the automotive

supply chains and production rates. On the one hand, due to the strong international interdependencies but also

due to the lean-production principle, which led to low inventories, so production stops occurred earlier. The high

international interdependencies we have due to relatively low logistics costs and fewer trade barriers in the past.

However, besides the COVID-19 regulations, there are also other influencing factors on the supply chains and

production rates that influence logistics costs and international trade today. These factors include mainly the

semiconductor crisis, a general increase in trade restrictions, and the increase in carbon emission prices (Rueger

et al., 2021). Troubles, like the semiconductor crisis, are actually not new. In the past, there were international

supply chain disruptions due to the earthquake in Japan in 2011 for example (Wheatley et al., 2011) and also the

accident in the Suez canal in 2021 had substantial effects on the international supply chains until now (Duhalde

et al., 2022). All these factors would have fewer impact on the supply chains, if they would be less

internationally interconnected. So all these factors should perhaps trigger a general rethink in supply chain

management. Recently published articles of the big management consultancies are coming to this conclusion

(Rueger et al., 2021; Hensley et al., 2022). However, they are not completely coherent in their findings. So the

research “Rethinking Global Automotive Production Networks” written by Michael W. Rüger, Rolf Janssen, and

Wilfried Aulbur in 2021 claimed a “glocalization” of the international automotive supply chains. This means

that the long transport of components and parts should get less to avoid the high transport costs, counter

uncertainties in the supply chains and tariffs. Local sourcing should get more and more critical. The research of

SNECI from 2021 comes to the same conclusion.

Other researchers, like from McKinsey (Hensley et al., 2022) and Ideagen (Vjestica, 2021) are seeing

the answer more in increasing the supply chain transparency. That would forecast difficulties earlier, so that the

OEMs have more time for reaction. However, a better securing of the supply chains by increasing or introducing

buffer stocks is controversial in the research, as it impacts supply chain efficiency.

Furthermore, the following countermeasures to the current crisis are discussed in the literature. Short-

and mid-term measures can be introduced fast, but they may be very costly in the longer term. Short and

mid-term measures would be an increase in the safety stocks and increase transparency in the supply chain. A

good practice for achieving higher transparency in the supply chain is the extension of EDIs (Electronic Data

Interchanges) between companies. While the willingness before pandemics was lower, it is rising now as

companies see the consequences of the crisis (Hensley et al., 2022). In the way of EDIs, not only the stocks and

demand forecasts of the first tier supplier and the next customer should be shared, the information should be

shared with more supply chain players. The introduction of a higher supply chain transparency is relatively easy

as many companies are already using industry standard ERP-systems (ERP = enterprise resource planning) or
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standard EDIs are already existing, which only have to be implemented by the IT-departments. With increased

transparency along the supply chain, possible bottlenecks can be detected early, so the companies have more

time for reaction. The increase of the (safety) stocks can be very costly in the long term, as it increases capital

commitment, handling costs (process costs), and warehousing costs.

The long term measures need more time and resources. The most important is a stronger preference for

local respectively national sourcing, especially for strategic parts. As described above, the international

interdependencies of the automotive supply chains are strong. One reason for this organization is the wide range

of car models and variants today (Rueger et al., 2021). So to keep efficiency high by localizing the supply

chains, the manufacturers could reduce the number of car models and variants offered (or produced) in the

regions. This is an essential requirement to operate cost-efficiently and with a local supply chain. As a result of a

wide variety of produced cars in a “small” factory, production scale effects would get lost. On the other hand,

this decision could also lead to a decrease in market coverage. So, in the end, it is also dependent on the business

concept.

The second long-term measure could be an introduction or update of the sustainable risk management

plans. This may result in more multiple sourcing of parts and/or the introduction or increase of buffer stocks.

Both measures could reduce the risks of production disruptions.

5. Conclusion and Recommendation

Since the outbreak of COVID-19, there has been a high increase in transportation costs and strict

traveling rules, which led to terrible delivery performances (DHL, 2022). As also other research stated, the rise

in transportation costs will probably remain after pandemics, due to the increasing carbon emission prices. And

additionally, trading barriers are continuously rising, now also seen after the recent outbreak of the

Ukrainian-Russian war with its substantial consequences for international trade.

There are many indicators, which should cause companies in the automotive industry to now consider

rethinking their supply chain structures. One effect, which is now affecting the European automotive industry

hardest, is the semiconductor crisis. This crisis led to a further high decline in automotive production in

Germany in 2021, while many other countries' productions started to recover already. The semiconductor crisis

hit Europe hardest, as there is no production of it. So the localization and deglobalization of the supply chains

are essential now.

Also, there is still after two years in general no end of the COVID-19 crisis visible. Who knows, which

variants will come next and how political deciders will react to them? Trading barriers are rising, and transport

costs are increasing, especially now after the outbreak of the Ukrainian war.
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Furthermore, we have a big change now towards electric vehicles (=EVs), new mobility trends towards

smaller personal carriers like e-bicycles, autonomous driving, and the use of shared services (driven by digital

features). The biggest impact on the automotive supply chains is the transition towards EVs. And the other

trends will also affect, the demand for cars in the developed countries will probably further decrease in the long

term. These trends enforce a fundamental restructuring of the supply chains. Companies should use this

restructuring by localizing the supply chains and rethinking their supply chain risk management.

This is also maybe the positive aspect of the COVID-19 crisis, that urgent changes now are easier to

implement and that automatization may be pushed forward in certain areas.

As stated in the introduction, there has been already in the past a trend to shift productions toward the

demand markets. So companies have partly already transferred productions to other countries than the traditional

producing countries. Examples are seen in China, Thailand, and Brazil. But despite these shifts, the

international automotive supply chain dependencies have still risen. So more effort is required.

11



REFERENCES
Aichner, T., Coletti, P. (2013). "Customers' online shopping preferences in mass customization". Journal of

Direct, Data and  Digital Marketing Practice, 15 (1), 20-35.

Ankel, S. (2020). Trucks are forming 37-mile-long queues at European borders after authorities started closing

them to stop the coronavirus spread. Retrieved on Mar 1, 2022, from

https://www.businessinsider.com/coronavirus-europe-borders-shut-trucks-traffic-jam-2020-3

Athukorala, P.-C., Kohpaiboon, A. (2009). THAILAND IN GLOBAL AUTOMOBILE NETWORKS. Retrieved

on Feb 16, 2022, from https://www.intracen.org/uploadedFiles/intracenorg/Content/

Trade_Support_Institutions/Business_voice_in_policy_making/WTO_accession_implication_for_busi

ness/Thailand_in_global_automobile_networks.pdf

Baker, J. (2019). What’s The Difference Between Just In Time and Just In Sequence? Retrieved on Mar 9, 2022,

from https://www.insequence.com/just-in-time-versus-just-in-sequence/

China Daily (2021). Top 10 Chinese auto groups by sales volume in 2020. Retrieved on Mar 10, 2022, from

https://www.chinadaily.com.cn/a/202101/27/WS60109a43a31024ad0baa541e_1.html

CIPS, Chartered Institute of Procurement & Supply (2021). Bullwhip Effect In Supply Chain. Retrieved on Feb

14, 2022, from https://www.cips.org/knowledge/procurement-topics-and-skills/

operations-management/bullwhip-effect-in-supply-chain/

DHL, Global Forwarding (2022). OCEAN FREIGHT MARKET UPDATE. Retrieved on Mar 7,  2022, from

https://www.dhl.com/content/dam/dhl/global/dhl-global-forwarding/documents/pdf/

glo-dgf-ocean-market-update.pdf

Duhalde, M, Ji, S. (2022). World shipping-container crisis explained. Retrieved on Mar 1, 2022, from

https://multimedia.scmp.com/infographics/business/article/3166926/container-crisis/index.html

Essentra Components (2022), How Small Parts Play A Big Role In Keeping Your Car Moving. Retrieved on

Jan 30, 2022, from https://www.essentracomponents.com/en-us/news/product-resources/

how-small-parts-play-a-big-role-in-keeping-your-car-moving

Evans, C. (2021). Chip shortage delays: how long will you have to wait for a new car? Retrieved on Jan 30,

2022, from https://www.whatcar.com/news/

chip-shortage-delays-how-long-will-you-have-to-wait-for-a-new-car/n23449

Federal Ministry for Economic Affairs, Germany (2022). Automobilindustrie. Retrieved on Feb 14, 2022, from

https://www.bmwi.de/Redaktion/DE/Textsammlungen/Branchenfokus/Industrie/branchenfokus-

automobilindustrie.html

Federal Ministry of Finance, Germany (2021). Vereinfachtes Kurzarbeitergeld sichert Arbeitsplätze. Retrieved

on Mar 7, 2022, from https://www.bundesfinanzministerium.de/Content/DE/Standardartikel/Themen/

Schlaglichter/Corona/2020-03-19-Beschaeftigung-fuer-alle.html

Galea-Pace, S. (2020). China’s automotive sector seeking smarter supply chain. Retrieved on Feb 15, 2022,

from https://manufacturingglobal.com/procurement-and-supply-chain/

chinas-automotive-sector-seeking-smarter-supply-chain

Gelowicz, S. (2020). Was sind Automobilzulieferer? Grundlagen, Ranking und Beispiele. Retrieved on Feb 15,

2022, from https://www.automobil-industrie.vogel.de/was-sind-automobilzulieferer-

12



grundlagen-ranking-und-beispiele-a-724889/

Global Times (2022). China's auto exports surge in 2021 to reach 2 million units, setting a new record.

Retrieved on Feb 19, 2022, from https://www.globaltimes.cn/page/202201/1245789.shtml

Hale, T., , Angrist , N., Goldszmidt, R. et al. (2021). “A global panel database of pandemic policies (Oxford

COVID-19 Government Response Tracker)”. Nature Human Behaviour, 2021, 5, 529–538. Retrieved

on Feb 19, 2022 from https://www.bsg.ox.ac.uk/research/research-projects/

covid-19-government-response-tracker

Hensley R., Maurer, I., Padhi, A. (2022). How the automotive industry is accelerating out of the turn. Retrieved

on Mar 1, 2022,  from https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/

how-the-automotive-industry-is-accelerating-out-of-the-turn

Honda, S. (2021). Chips, Dips and the Bullwhip Effect. Retrieved on Jan 30, 2022, from

https://www.schomphonda.com/chips-dips-bullwhips/

ITA, International Trade Association of USA (2022). Automotive Industry. Retrieved on Feb 14, 2022, from

https://www.trade.gov/country-commercial-guides/china-automotive-industry

Jama (2021). The Motor Industry of Japan 2021. Retrieved on Feb 15, 2022, from

http://www.jama-english.jp/publications/MIoJ2021_e.pdf

JETRO, Japan External Trade Organization (2020). Impact of COVID-19 on Supply Chains in the ASEAN Plus

Three Region, with Policy Recommendations, ASEAN Plus Three Joint Study - Sub-report of Japan -.

Retrieved on Mar 1, 2022, from

https://www.jetro.go.jp/ext_images/en/reports/survey/pdf/COVID-19_202011.pdf

Kenton, W., Anderson, S. (2021). Supply Chain. Retrieved on Jan 30, 2022, from

https://www.investopedia.com/terms/s/supplychain.asp

Kerler, M. (2021). Studie zeigt: Vier von zehn deutschen Autos werden in China verkauft. Retrieved on Feb 16,

2022, from https://www.augsburger-allgemeine.de/wirtschaft/Dudenhoeffer-Studie-Studie-zeigt-

Vier-von-zehn-deutschen-Autos-werden-in-China-verkauft-id58957406.html

Kindambi, R., Mathur, M. (2014). The contribution of the automobile industry to technology and value

creation. Retrieved on Feb. 14, 2022, from https://www.es.kearney.com/automotive/article/?/a/the-

contribution-of-the-automobile-industry-to-technology-and-value-creation

Koellner, C. (2020). So wirkt sich die Corona-Krise auf die Automobilindustrie aus. Retrieved on Mar 7, 2022,

from https://www.springerprofessional.de/automobilproduktion/corona-krise/

so-wirkt-sich-die-corona-krise-auf-die-automobilindustrie-aus/17831442

Kummerfeld, C. (2020). Autoindustrie: Zulieferer bauen massenweise Stellen ab. Retrieved on Feb 14, 2022,

from https://finanzmarktwelt.de/autoindustrie-zulieferer-bauen-massenweise-stellen-ab-178704

Larson, L. (2008). Dreams To Automobiles. USA.: Xlibris

Marklines (2022). Japan - Automotive Production Volume, 2021. Retrieved on Feb 15, 2022, from

https://www.marklines.com/en/statistics/flash_prod/automotive-production-in-japan-by-month

Marklines (2022a). Thailand - Automotive production volume, 2021. Retrieved on Feb 16, 2022, from

https://www.marklines.com/en/statistics/flash_prod/automotive-production-in-thailand-by-month

13



Marklines (2020). 2019 global production volume by Japanese OEMs (Preliminary). Retrieved on Feb 15, 2022,

from https://www.marklines.com/en/statistics/product/jp_pro2019

Michigan Employment Security Commission (1996). Michigan Statistical Abstract 1996. Ann Arbor, U.S.A.:

The University of Michigan Press. P.p. 461 f.

Neely, C. (2017) The Japanese Automotive Industry . Retrieved on Feb 15, 2022, from

https://www.japanindustrynews.com/2016/03/japanese-automotive-industry/

Noël, S. (2020). Automotive industry in China: How carmakers compete for first place. Retrieved on Feb 14,

2022, from https://daxueconsulting.com/

automotive-industry-in-china-carmakers-compete-for-first-place/

OECD, Organisation for Economic Co-operation and Development (2021). OECD Inter-Country Input-Output

Table 2018. Retrieved on Feb 16, 2022, from http://oe.cd/icio

OICA, International Organization of Motor Vehicle Manufacturers (2022). Production Statistics. Retrieved on

Mar 8, 2022, from https://www.oica.net/production-statistics/

Ostermann, D., Harvey, D. (2016). Consolidation in the global automotive supply industry, 2016 Report.

Detroit, USA: strategy and pwc. Retrieved on Jan 30, 2022, from

https://www.strategyand.pwc.com/gx/en/insights/2016/consolidation-global-automotive-supply/consoli

dation-in-the-global-automotive-supply-industry.pdf

Pavlínek, P., Zenka, J. (2015). “Value creation and value capture in the automotive industry: Empirical evidence

from Czechia” Environment and Planning A: Economy and Space, 2016, 48(5), 937-959

Pawlicki, P., Luo, S. (2017). China’s cars and parts: development of an industry and strategic focus on Europe.

Retrieved on Feb 15, 2022, from https://www.etui.org/sites/default/files/Chapter%202_5.pdf

Rastogi, V. (2018). Thailand’s Automotive Industry: Opportunities and Incentives. Retrieved on Feb 16, 2022,

from https://www.aseanbriefing.com/news/thailands-automotive-industry-opportunities-incentives/

Perspektive Online (2020). Gigantische Überproduktion: Autos im Wert von 14,8 Milliarden Euro stehen auf

Halde. Retrieved on Mar 7, 2022, from https://perspektive-online.net/2020/05/

gigantische-ueberproduktion-autos-im-wert-von-148-milliarden-euro-stehen-auf-halde/

Pertschy, F. (2022). Alle Infos zur Halbleiterkrise in der Autoindustrie. Retrieved on Mar 9, 2022, from

https://www.automobil-produktion.de/hersteller/wirtschaft/

autoindustrie-leidet-unter-halbleiter-engpaessen-241.html

Placek, M. (2022). Global container freight rate index from July 2019 to February 2022. Retrieved on Mar 9,

2022 , from https://www.statista.com/statistics/1250636/global-container-freight-index/

Ritchie, H., Mathieu, E., Rodés-Guirao, L., et al. (2022). Policy Responses to the Coronavirus Pandemic.

Retrieved on Jan 30, 2022, from https://ourworldindata.org/policy-responses-covid

Rogers, P. (2022). Supplier Tiering. Retrieved on Jan 30, 2022, from

https://www.scm-portal.net/glossary/supplier_tiering.shtml

Rueger, M., Janssen, R., Aulbur, W. (2021). Rethinking Global Automotive Production Networks. Retrieved on

Mar 1, 2022, from https://www.rolandberger.com/en/Insights/Publications/

Rethinking-Global-Automotive-Production-Networks.html

14



SNECI (2021). COVID-19: Its impact on the automotive supply chain and lessons learned. Retrieved on Mar 1,

2022, from

https://www.sneci.com/blog/covid-19-its-impact-on-the-automotive-supply-chain-and-lessons-learned/

Swan, T. (2001). First Drive of Model T! Retrieved on Jan 30, 2022, from

https://www.caranddriver.com/news/a15137874/first-drive-of-model-t-car-news/

Tan, W. (2021). An ‘aggressive’ fight over containers is causing shipping costs to rocket by 300%. Retrieved on

Feb 14, 2022, from https://www.cnbc.com/2021/01/22/shipping-container-shortage-is-causing-

shipping-costs-to-rise.html

UNIDO, United Nations Industrial Development Organization (2021). IMPACT ASSESSMENT OF COVID-19

ON THAILAND’S MANUFACTURING FIRMS. Retrieved on Feb 14, 2022, from

https://www.unido.org/sites/default/files/files/2021-03/

UNIDO%20COVID19%20Assessment_Thailand_FINAL.pdf

VDA, Association of the German automotive industry (2021). Neuzulassungen und Besitzumschreibungen.

Retrieved on Feb 15, 2022, from https://www.vda.de/de/aktuelles/zahlen-und-daten/jahreszahlen/

neuzulassungen-und-besitzumschreibungen

Vjestica, J. (2021). Covid recovery: adapting the automotive supply chain. Retrieved on Mar 1, 2022, from

https://www.ideagen.com/thought-leadership/blog/

covid-recovery-adapting-the-automotive-supply-chain

Volkswagen AG (2021). Die Zukunft in der Hand, Geschäftsbericht 2020, Produktion. Retrieved on Feb 15,

2022, from https://geschaeftsbericht2020.volkswagenag.com/konzernlagebericht/

geschaeftsverlauf/produktion.html

Warr, P., Kohpaiboon, A. (2018). “Thailand’s Automotive Manufacturing Corridor.” ADB Economics Working

Paper Series, No. 519, December 2017. Manila, Philippines: Asian Development Bank.

Wheatley, M.,  Ramsay, M. (2011). After the disaster in Japan. Retrieved on Mar 9, 2022, from

https://www.automotivelogistics.media/after-the-disaster-in-japan/7408.article

WHO, World Health Organization (2022). WHO Coronavirus (COVID-19) Dashboard. Retrieved on Mar 8,

2022, from https://covid19.who.int/

Zhan, J., Lu, S. (2021). “Influence of COVID-19 Epidemic on China and Global Supply Chain and Policy

Suggestions.” Open Journal of Business and Management, 2021, 9, 2497-2512.

doi: 10.4236/ojbm.2021.95136.

15


	Cover
	Certificate
	Abstract
	Acknowledgement
	Table of Contents
	1. Introduction
	2. Research Methodology
	3. Literature Review
	4. Results and Discussion
	5. Conclusion and Recommendation
	References

