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Abstract: The purpose of this article is to present the COVID-19 pandemic disruptions occurring in 

the supply chain of automotive companies, taking into account the type of business. The specific 

objectives are: to identify and characterise the types of enterprises operating in automotive supply 

chains, to identify changes during the pandemic in automotive enterprises, depending on the type 

of activity, to show disruptions in automotive supply chains and ways to counteract these 

disadvantages depending on the type of activity. Automotive enterprises operating in Poland were 

selected for the study purposefully. A random selection method was used to select 500 automotive 

companies for the study. The data sources were surveys conducted in June 2023 among 500 

enterprises in the form of a face-to-face telephone interview. Automotive companies experienced 

supply chain disruptions, regardless of the type of business. Most often, these were caused by 

lockdowns and official closures, low stocks of materials and products, and problems with 

employees. There was no difference by type of business. Disruptions were most often short-lived, 

up to 1 year. Companies countered disruptions by using mostly operational measures, which were 

short-lived. Only a small percentage of operators made strategic decisions and countered 

disruptions over a longer period. The scale of these actions was greater among manufacturers than 

among dealers and car service companies. 

Keywords: automotive industry; changes in supply chains; counteracting the effects of COVID-19; 

operational and strategic decisions to abandon Asian suppliers 

 

1. Introduction 

1.1. The importance of logistics and supply chains 

Business today is changing rapidly. This is influenced primarily by the growing demands of 

consumers and the increasingly widespread use of IT tools. This makes the environment in which a 

company operates very dynamic. In addition, the dynamics of these changes are accelerating. All this 

makes it necessary for companies to change and use modern solutions to remain in the market and 

play a significant role in it [1–4]. Logistics is one area that is subject to rapid change. This is because 

logistics has a servant function in the core business of a company. Therefore, conscious managers 

recognise the importance of logistics. Its role is particularly important in a highly competitive market. 

In such a situation, manufacturers use standard technology and logistics can be an element that will 

provide a competitive advantage [5–7]. Logistics should operate according to the 7W principle. The 

advantage is gained by the company that delivers the right product, in the right quantity, in the right 

condition, to the right place, at the right time, to the right customer, and at the right (appropriate) 

price. Logistics can also be defined as the management of goods flows phenomena and processes 
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based on an integrated view of them [8,9]. In general, the task of logistics is to efficiently overcome 

time and space during the execution of the flow of goods. It should also be emphasised that logistics 

is linked to many functional areas in a company, such as production, marketing, and accounting. 

Transport and warehousing seem to be the most important logistics activities [10]. However, other 

types of services provided to companies and individual customers cannot be marginalised, such as 

just-in-time deliveries for manufacturing companies or courier parcels for individual customers 

ordering products from online shops. Logistics is essential for the smooth functioning of the economy 

and society [11–13]. 

Logistics is essential to the proper functioning of commodity supply chains, especially those 

with a global character [14–16]. Global supply chains (GSCs) are evolving towards an increasing 

integration of services, finance, retail, manufacturing and distribution. This is all made possible by 

better transport and logistics [17]. The popularity of GSCs is primarily due to cost reductions 

compared to local supply chains [18]. Companies operate globally in both production and 

distribution spheres [19]. Each company can organise its GSC individually and configure its business 

processes accordingly. Such actions affect the operational efficiency of the supply chain [20]. One of 

the key decisions is the location of facilities, i.e. the geographical dimension of supply chains [21]. 

However, it must be stressed that managing a globally distributed supply chain is a difficult 

task. First of all, such a chain consists of many links, the facilities do not belong to one owner. In such 

a situation, it is difficult to coordinate activities on the procurement and distribution side. All these 

elements affect the complexity of the supply chain and their operational efficiency [22]. Meanwhile, 

there have also been efforts to ensure the security of supply chains and the associated fast and reliable 

delivery of a wide range of goods [23]. However, no scenario seems to have envisaged a global 

pandemic that would destabilise social and economic life, including global supply chains. 

1.2. Impact of COVID-19 on logistics and supply chains 

Changes in logistics activities as a result of COVID-19 did not affect all segments of the business. 

For example, in the first months of the pandemic, only freight transport increased, while passenger 

transport decreased [24]. For example, the situation of global passenger air transport was closely 

linked to the rate of disease growth [25]. Overall, the first year of the pandemic was the most difficult. 

In the second year, adaptation measures were put in place to partially recover lost passenger traffic. 

For freight transport, the blockade on the European economy had a negative impact on the short-

term operations of transport companies [26]. In the long term, the situation was favourable because, 

for example, the number of kilometres travelled in road transport increased. 

Logistics also benefited from changing shopping habits and preferences, as a result of the shift 

of sales to the internet [27]. The benefits affected transport companies, but also those involved in 

renting warehouse space [28]. A number of research findings confirm the close link between the 

dynamic development of e-commerce services and the COVID-19 pandemic, as online shopping 

grew during a period of increased incidence. As a result, logistics companies handling such sales 

experienced a very large increase in revenue [29]. 

The growth of the e-commerce market during the pandemic was closely linked to the increase 

in the volume of courier services provided. New services developed specifically for the COVID-19 

pandemic were often created [30]. A positive effect of the pandemic was the acceleration of 

widespread digitalisation. Customers’ needs and expectations for ease of shopping and greater 

flexibility have also increased [31]. As a rule, the pandemic had a positive impact on the financial 

performance of logistics companies. Of course, there have been negative situations, but these have 

affected a smaller number of companies and those that have not implemented adaptation measures 

[32]. 

Today, all sectors of the economy are interconnected by a complex network of supply chains and 

logistics [33]. Therefore, expectations for logistics during the pandemic were very high. Several 

studies have highlighted the significant impact of the COVID-19 pandemic on supply chain and 

production operations. The consequences were global in scope [34]. The search for innovative 

approaches to supply chain remediation has become an important issue [35]. In general, research in 
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the area of supply chains was focused on several issues. In particular, the impact of the COVID-19 

pandemic on supply chain performance was studied, as well as resilience strategies for impact 

management and chain recovery. The role of technology in implementing resilience strategies and 

supply chain sustainability was also important [36]. The global reach of the pandemic means that all 

nodes (supply chain members) as well as supply chain linkages were affected [37]. The pandemic in 

its various is phases included border closures, blockages of supply markets, disruptions to vehicle 

movements and international trade, and labor shortages. As a result of such situations, the efficiency 

of supply, transport, and production has decreased. In such challenging times, it is important to 

increase supply chain resilience [38]. One way may be to shorten supply chains through renewed 

strategies that increasingly focus on relocation and backshoring [39]. Other authors pointed to the 

need to improve the flexibility of production capacity [40], or the importance of the logistics system 

[41]. Overall, however, the consensus was that the COVID-19 pandemic was a lesson in answering 

the questions of what kind of resilience and robustness to adopt in the supply chain to help companies 

return to smooth operations [42–44]. 

1.3. The impact of COVID-19 on the automotive industry 

The automotive industry was an industry that was heavily affected by the consequences of the 

COVID-19 pandemic. These consequences were particularly evident during the first wave. Problems 

in the supply chains of the European automotive industry resulted from the closure of Chinese 

factories [45]. In Europe, closures of car manufacturing factories occurred between March and May 

2020. During this time, on average, factories were closed for 30 days [46]. This caused consequences 

in terms of reduced revenues and costs incurred. According to estimates, there was a drop in car 

production in the EU of around 22.3% in 2020, which meant large losses [47]. Even after the factories 

opened, reductions in the number of people working were necessary, the plants were not fulfilling 

their production potential. This was due to the need to maintain hygiene, distance, and safety 

measures. On the other hand, the demand for cars also decreased [48]. The demand reduction 

occurred at the beginning of the pandemic and especially during the second wave from November 

2020. At that time, new blockades and restrictive measures were introduced in EU countries, 

including the closure of car dealerships. Of course, there were differences between EU countries, but 

the second wave was less severe for the automotive industry [49]. 

Overall, the COVID-19 pandemic had a negative impact on the supply chains of the entire 

automotive industry. Major problems affected the operations of many Original Equipment 

Manufacturers (OEMs), which were dependent on manufacturers. There were, of course, differences 

in individual car components, which would need to be investigated [50]. An example of major 

constraints and problems was the battery supply chain. In this case, the problem was a very high 

dependence on suppliers from China, where production was stopped and many lockdowns were 

introduced [51]. 

1.4. Justification, aims and structure of the article 

The importance of the automotive industry in Poland can be assessed based on data from before 

the crisis caused by the COVID-19 pandemic. At the time, it generated 8% of the Polish GDP and, at 

the same time, 21% of exports. This meant that in terms of the value of exports of car parts and 

accessories, Poland ranked 10th in the world. The presented data allow us to conclude that the 

development of the automotive industry is an important factor influencing economic growth in 

Poland. In such a situation, the proper condition of enterprises operating in this industry is of great 

importance. This has a direct and indirect impact on the competitive position of the Polish economy. 

In such a situation, it is reasonable to examine the disruption during the pandemic in the automotive 

supply chains, using the example of companies from Poland. The COVID-19 pandemic caused 

disruptions in the supply chains of various activities. It is important to identify what kind of 

disruptions occurred in the automotive industry and how they influenced decision-making. Research 

knowledge in this area is not limited. The authors have not yet encountered research on such a large 

group of companies in the automotive industry. Usually, studies focus on a selected company or a 
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few companies. The proposed research fills a research gap and allows to identify the disruptions 

occurring and how to respond to them in automotive supply chains. 

The article’s main objective is to present the COVID-19 pandemic disruptions occurring in the 

supply chain of automotive companies, taking into account the type of business involved. 

The specific objectives are: 

• identification and characterisation of the types of companies operating in automotive supply 

chains, 

• identification of changes during a pandemic in automotive companies, depending on the type 

of business 

• demonstrating disruptions in automotive supply chains and how to counteract these 

disadvantages depending on the type of business. 

The article seeks the answers to one research hypothesis: 

Hypothesis 1. Supply chain disruptions during the COVID-19 pandemic in the automotive industry varied 

by type of business, with more frequent disruptions in businesses at the beginning of the supply chain than at 

the end. 

The organisation of the work is as follows: Chapter 1 provides an introduction to the topic. The 

importance of logistics and supply chains in business and the impact of COVID-19 on the functioning 

of logistics and supply chains were presented in turn. An important aspect was also to determine the 

impact of COVID-19 on the automotive industry. The section also includes the rationale and 

objectives of the article. Section II proposes methods to identify disruptions occurring in supply 

chains in different types of automotive companies. In section 3, the research findings were presented. 

In section 4, the reference is made to other research results that dealt with the relationships tested. 

Furthermore, the main conclusions of this paper can be found in section 5. 

2. Materials and Methods 

2.1. Data collection, processing, and limitations 

Automotive companies operating in Poland were selected for the study in a purposive manner. 

Subsequently, 500 automotive enterprises were selected for the study using the random sampling 

method. The enterprises were randomly drawn from a database by an IT programme. The drawn 

enterprises constituted a large research sample. There were approximately 2,000 enterprises 

operating directly in the automotive industry and several thousand with indirect links. The data 

source was 500 questionnaires conducted in June 2023 in the form of a face-to-face telephone 

interview. The interview questions were prepared in advance and generally contained closed 

answers. Few questions had open-answer options. Company participation in the survey was 

voluntary. The most frequent participants in the interviews were the owners of the company (81% of 

interviews), followed by logistics staff (10%), administrative staff (7%), and accounting staff (2%). 

The data obtained in the interviews were collected in an Excel form and then coded and 

processed. The results of the surveys are presented in an aggregated manner, without disclosing data 

on individual enterprises. The results obtained allow the shares of individual responses to be 

determined for specific types of enterprises, by type of business. The data were aggregated by three 

types of activity, i.e. enterprises engaged in the production of cars and other vehicles and their 

components, entities engaged in the sale of vehicles and vehicle parts, and enterprises engaged in 

vehicle maintenance and repair. 

2.2. Applied methods 

The research was divided into stages. In the first stage, the focus was on presenting basic 

information about the surveyed companies, taking into account the type of business. This method of 
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aggregation was used in all phases of the study. At the same time, in all phases of the research, the 

relationship or independence between the type of activity carried out (production, sales, repair and 

servicing) and the distribution of specific responses was checked. The aim was to determine whether 

the type of activity carried out conditioned the disruptions occurring in the supply chains and how 

to respond to such irregularities. To this end, Pearson’s χ2 independence test was used for the study. 

It is categorised as a statistical inference method. It is also a non-parametric test, so it does not depend 

on the distribution of the population under study. It can be applied in the case of a normal 

distribution, as well as in all other cases. Pearson’s χ2 test of independence is particularly useful , 

when the two survey variables are measured on nominal scales and the results of the measurements 

are presented in a matrix (contingency table) with any number of rows and columns. The χ2 test of 

independence in our case was used only for the analysis of the two characteristics of the variables. In 

the calculation procedure, after creating a contingency table for the observed variables, a table with 

expected (theoretical) counts is established assuming that the variables are independent. The 

individual expected counts indicate how many respondents should represent a given research 

condition in order for the postulate of independence of variables presented in the null hypothesis 

(H0) to be fully satisfied. The formula [52,53] is used to calculate theoretical counts (Eij ): 𝐸௜௝ = ௙(௜.)∙௙(௝.)௡   (1) 

Where: 

n - sample size, 𝑓 (i) - sum of edge counts for row i,  𝑓 (j) - sum of the marginal abundance for column j.  

The values of the mentioned data are found in the table of observed counts created at the 

beginning of the calculation procedure. The calculation of the value of the χ2 statistic based on the 

formula [52,53] follows: 𝜒ଶ = Σ௜ୀଵ௥ Σ௝ୀଵ௞ (ை೔ೕିா೔ೕ)మா೔ೕ   (2) 

Where: 𝑂௜௝ - abundance observed, 𝐸௜௝ - expected (theoretical) numbers, 

r - rows, number of categories of the trait under study, 

k - columns, number of categories of the trait under study,  

i - the number of the line in question, 

j - the number of the column in question. 

The final step in verifying statistical hypotheses with the χ test2 is to compare the calculated 

value of the χ2 statistic with the critical value (𝜒ఈଶ). The critical values for the adopted significance 

level (e.g. α = 0.05) and the corresponding degrees of freedom are read from special chi-square 

distribution tables [52]. The degrees of freedom (ss) for the study variables are determined according 

to the following rules [52]: 

- if r > 1 and k > 1, then ss = (r - 1)(k - 1); 

Based on χ2 values i 𝜒ఈଶ hypothesis verification is carried out. There are two hypotheses in the 

χ2 test of independence: the null hypothesis (H0 ) and the alternative hypothesis (H1 ), formulated as 

follows: 

H0: the variables under study are independent. 

H1: the variables under study are dependent. 

If the calculated χ2 value is less than the critical value read (χ ≤ 2𝜒ఈଶ) then there are no grounds 

to reject the null hypothesis, i.e. the variables are found to be independent, while in the opposite 

situation, when χ2 > 𝜒ఈଶ, the null hypothesis should be rejected, which means that the variables under 

study are dependent [54]. 

In the second stage of the research, sourcing, and diversification directions in this regard were 

identified. This is important to establish the scale of companies’ links with the closest cooperating 

companies in the supply chain. Such direct links can show the scale of dependence on suppliers and 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 November 2023                   doi:10.20944/preprints202311.1376.v1

https://doi.org/10.20944/preprints202311.1376.v1


 6 

 

the level of complexity of supply. As a rule, a larger number of suppliers requires more sophisticated 

logistics management and, on the other hand, allows for greater flexibility. 

Stage three identified the disruptions occurring in automotive supply chains and how 

companies responded to these problems. It is important to identify the patterns occurring depending 

on the type of business. 

A limitation of the research carried out was that it was not possible to survey all companies 

operating in the automotive industry. On the one hand, this would have been time-consuming, on 

the other hand, costly. Some of the companies could refuse to take part in the research. The study 

includes the results of research on only selected questions, which is a fragment of the research 

conducted, but quite significant. Another limitation is the focus only on relationships by type of 

business. It is planned to conduct in-depth interviews with a smaller number of companies. This 

extension of the research will make it possible to show the exact actions and ways to counteract 

supply chain crises in specific automotive companies. 

3. Results 

3.1. Basic data on the surveyed companies 

In the first step, the basic data of the surveyed enterprises were presented. About half of the 

enterprises were engaged in car maintenance and repair (Figure 1). This was followed by car sales 

(32% of all enterprises), while the smallest number of enterprises was engaged in car manufacturing 

(20%). In the case of sales, one can distinguish between wholesale and retail sales of cars, as well as 

parts and accessories for these vehicles. In turn, production concerned both the production of rubber 

tyres and tubes, retreading and remanufacturing of rubber tyres, production of engines for motor 

vehicles, production of cars, buses, lorries, motorbikes, and other vehicles, production of bodies for 

motor vehicles, production of trailers and semi-trailers, production of electrical and electronic 

equipment for motor vehicles, production of other parts and accessories for motor vehicles. In 

general, the structure of the enterprises surveyed is in line with that found in the population as a 

whole. The smallest number of enterprises are directly or indirectly involved in manufacturing. The 

next links related to wholesale and retail trade are represented in greater numbers. Car maintenance 

and repair enterprises are the most numerous. This type of service is provided after the sale and 

increases as the life of the vehicle increases. There are maintenance services related to the replacement 

of parts, and operating fluids, but also related to ad hoc repairs, and changing tyres for summer or 

winter. 

 

Figure 1. The main activity of the surveyed enterprises. 

Another aspect is the size of the enterprise, which can be determined, among other things, by 

the number of employees (Figure 2). In general, micro-enterprises with up to 9 employees prevailed 

in all groups. The highest share of micro-enterprises was found in the group of entities engaged in 

vehicle maintenance and repair (75%). In contrast, the share of small enterprises with 10 to 49 

employees was low in this group. In contrast, small enterprises accounted for as much as 28% of all 

enterprises involved in sales. Within manufacturing enterprises, it is important to note the high share 

Production, 
20%

Sale, 33%

Maintenance 
and repair, 

52%
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of medium-sized enterprises with 50 to 249 employees (21%). In general, the distribution is as 

expected. In the manufacturing group, there is a higher share of large entities. In the subsequent sales-

related links, the share of smaller enterprises increases, and the largest share is in the case of 

enterprises providing after-sales and vehicle repair services. The statistical tests performed confirmed 

that there was a strong significant relationship between the type of business carried out and the size 

of the enterprise measured by the number of employees (χ2emp=33.56; χ20.05=12.59; p-value<0.05). 

 

Figure 2. Number of people employed in the surveyed enterprises. 

3.2. Organisation of procurement in the companies surveyed 

Sources of supply were then examined in terms of their geographical location to the companies 

surveyed (Figure 3). In general, sourcing from local and national suppliers predominated. In the case 

of maintenance and repair enterprises, half of the subjects had local sourcing, followed by national 

(23%) and regional (16%). There was a small proportion of businesses with only foreign suppliers. 

Interestingly, the structure was similar in manufacturers, but there was a higher proportion of entities 

with international sourcing. In contrast, the largest number of companies with international sourcing 

was in the sales group. This is due, for example, to the sale in Poland of cars that are manufactured 

in other countries or on other continents. Parts and components for repairs can also be sourced from 

international markets at better prices. The tests performed confirmed that there was a strong 

significant relationship between the type of business and the company’s supply market (χ2emp=76.55; 

χ20.05=18.31; p-value<0.05). 

 

Figure 3. The main supply market of the surveyed enterprises. 
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Companies generally used a small number of suppliers (Figure 4). As many as 52% of 

maintenance and repair businesses had up to 5 suppliers. In contrast, the group of sales operators 

had the highest number of enterprises with between 11 and 50 suppliers. In the case of car 

manufacturers, there were both enterprises with up to 5 suppliers (37%), 6 to 10 suppliers (26%), and 

11-50 suppliers (29%). In the case of manufacturers, a higher proportion of enterprises with 50 or 

more suppliers was also expected. In general, however, there was a small proportion of enterprises 

with more than 50 suppliers. The statistical tests conducted confirmed that there was a strong 

significant relationship between the type of business and the number of suppliers (χ2emp=60.78; 

χ20.05=21.03; p-value<0.05). 

 

Figure 4. The number of suppliers of the surveyed enterprises. 

3.3. Types of disruption in the supply chains of the companies studied 

Business representatives also indicated the most important causes of problems occurring in the 

supply chain during a pandemic (Figure 5). Among the most frequently cited causes were lockdowns 

and official closures, low inventories of materials and products, and to a lesser extent problems with 

employees (illness and quarantine), and dependence on supplies from Asia. There were also 

differences by type of business. Businesses involved in sales largely indicated lockdown problems. 

These types of businesses were shut down in the second phase of the pandemic. Low stock levels of 

materials and products were indicated equally often in sales and manufacturing enterprises. In sales 

companies, dependence on Asian supplies was indicated quite frequently. This mainly referred to 

problems with the supply of car parts and components, and less frequently to finished vehicles. The 

statistical tests performed confirmed that there was a significant relationship between the type of 

business and the causes of supply chain problems (χ2emp=38.27; χ20.05=26.30; p-value<0.05). However, 

the differences were not very large. 
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Figure 5. The most important causes of problems in the supply chains in the surveyed enterprises 

(multiple choice). 

The vast majority of companies experienced disruptions or problems in their supply chains 

during the pandemic (Figure 6). These could have been different types of problems, such as delays, 

lack of goods, and price increases. The greatest number of problems were in companies involved in 

sales, which was also correlated with dependence on Asian suppliers (the largest among the types of 

businesses surveyed). Relatively the least problems were in vehicle maintenance and repair 

businesses. This may have been caused by sourcing from local regional and national markets. 

Statistical tests conducted confirmed that there was a significant relationship between the type of 

business and the experience of problems in the supply chain (χ2emp=16.74; χ20.05=9.49; p-value<0.05). 

However, the differences were small. 

 

Figure 6. Occurrence of disruptions or problems in supply chains during the pandemic in the 

surveyed enterprises. 

Representatives of the companies surveyed also indicated the types of disruption associated 

with pandemic supply chains (Figure 7). Across all groups, almost half of the companies indicated 

longer lead times, as well as increased transport, storage, and labor costs. Of slightly lesser 

importance was a reduction in on-time delivery. Overall, there were no very large differences 

between the types of companies. This was also confirmed by the statistical tests performed. It was 

shown that there was no significant relationship between the type of business and the causes of 

supply chain problems (χ2emp=8.56; χ20.05=12.59; p-value=0.20). All groups of companies had similar 

problems with similar intensity. 
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Figure 7. Types of disruptions (problems) related to the supply chain during the pandemic in the 

surveyed enterprises (multiple choice). 

In the companies surveyed, supply chain-related disruptions generally lasted up to six months 

or up to one year (Figure 8). The period of disruption was particularly short for maintenance and 

repair enterprises, as the answer of up to six months was indicated by 42% of the entities in this 

group. In contrast, car manufacturing businesses indicated that these disruptions were now (this was 

the state at the time the survey was carried out, June 2023). There seemed to be some disparity 

depending on the actors’ place in the supply chain. Nevertheless, the statistical tests performed 

showed that there was no significant relationship between the type of business and the duration of 

supply chain disruptions (χ2emp=11.51; χ20.05=18.31; p-value=0.32). Across all groups of companies, the 

distribution of the duration of supply chain disruptions was similar. 

 

Figure 8. Duration of supply chain disruption during the pandemic in the surveyed companies. 

As a control, a question was asked about how long it took for a business to return to pre-crisis 

activity due to the pandemic (Figure 9). In the group of car manufacturers and maintenance and 

repair businesses, there was a high proportion of businesses that returned to pre-crisis activity within 

3 months (36 and 39% of surveyed businesses respectively). In contrast, in the group of car and parts 

dealers, most indications were between 3 months and 1 year. In general, the majority of businesses 

in each group indicated a period of up to 1 year. Some businesses indicated that they were not yet 

back in business. The largest proportion of this type was for manufacturers. The percentage decreased 

downstream. The statistical tests performed confirmed that there was a significant relationship 
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between the type of business and the time to return to pre-pandemic activity (χ2emp=18.81; χ20.05=18.31; 

p-value<0.05). However, the differences were not very large. 

 

Figure 9. The time of return to activity from before the crisis caused by the pandemic in the surveyed 

enterprises. 

3.4. Tackling disruption in automotive supply chains 

The majority of businesses surveyed most often did not seek and use alternative suppliers or 

customers (Figure 10). This approach was particularly popular among maintenance and repair 

businesses (66% of entities). It was less important in enterprises involved in car manufacturing (59%) 

and car and parts sales (52%). Alternative suppliers or customers were sought and used by 35% of 

sales businesses, 30% of manufacturing businesses, and only 23% of maintenance and repair 

businesses. There was therefore some variation in approach. There were also around 10% of each 

group looking for alternative suppliers but unable to use them. Contracts and over-reliance on a few 

suppliers may have been a problem. Statistical tests confirmed that there was a significant 

relationship between the type of business and the type of action taken by the companies during the 

pandemic (χ2emp=10.58; χ20.05=9.49; p-value<0.05). However, the differences were small. 

 

Figure 10. Actions taken during the pandemic in the surveyed enterprises. 

The nature of supply chain activities and decisions during the pandemic was then examined 

(Figure 11). It appeared that operational decisions were dominant, regardless of the type of business. 

The further down the supply chain a company was, the more willing it was to make such decisions. 

Thus, companies reacted based on the here and now, i.e. solving current problems. Strategic decisions 
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were less popular. There was an inverse relationship to operational decisions. The closer companies 

were to the beginning of the supply chain, the more often they made strategic decisions. This may be 

due to a greater reliance on multiple suppliers, often from Asia. During the pandemic, this direction 

of supply created problems. Companies may also have learned lessons and tried to protect 

themselves for future crises. Statistical tests confirmed that there was a significant relationship 

between the type of business and the nature of supply chain activities undertaken by companies 

during the pandemic (operational or strategic?) (χ2emp=16.83; χ20.05=12.59; p-value<0.05). However, the 

differences were not large. 

 

Figure 11. The nature of activities and decisions regarding the supply chain during the pandemic in 

the surveyed enterprise. 

The follow-up question concerned the nature of the changes and adjustments in the companies 

surveyed (Figure 12). The majority indicated that the changes were of a short-term nature. The further 

a company was in the supply chain, the more often it so identified the nature of the changes. There 

was an inverse relationship when assessing changes as long-term. In general, however, changes were 

understood to be ad hoc and introduced during a pandemic. After a pandemic, most changes would 

be stopped or reversed. In such a situation, the danger may be that companies do not adapt to future 

crises. Indeed, the COVID-19 pandemic demonstrated the low resilience of automotive supply chains 

to disruptions and crises of a global nature. Statistical tests performed confirmed that there was a 

significant relationship between the type of business and the nature of supply chain changes 

undertaken by companies during the pandemic (short-term or long-term?) (χ2emp=12.93; χ20.05=9.49; p-

value<0.05). However, the differences were small. 
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Figure 12. The nature of changes (adjustments) in the supply chain as a result of the pandemic in the 

surveyed enterprises. 

4. Discussion 

At the outset, it is worth explaining the importance of the automotive industry in Poland and its 

conditions. There are various types of linkages and dependencies in this industry. According to 

Lampón et al. [55], the countries and areas most developed in terms of automotive, such as Western 

Europe Japan, and the USA, are the core having control of ownership and being responsible for 

development research. Poland is one of the countries distinguished by low production costs and a 

good technological base. In addition, this country is located in the vicinity of major manufacturers 

and is therefore export-oriented. Hence the importance of this industry in Poland. Kordalska and 

Olczyk [56] point out the beginning of a close link between Poland’s automotive industry and other 

European countries since its accession to the EU in 2004.  

It is also important to note the specificity of global supply chains, which arises from the different 

dimensions of the automotive industry, namely production, distribution, and consumption. The 

handling of flow within such supply chains is handled by external logistics companies (logistics 

operators). As a rule, such companies are flexible [57]. However, the COVID-19 pandemic 

demonstrated the lack of flexibility and resilience of supply chains, especially in the first waves of 

morbidity and lockdowns. Questions of whether and where to relocate production, therefore, became 

legitimate. Such decisions are considered strategic. According to Barbieri et al. [58], such decisions 

aim to reduce logistical costs, uncertainties associated with shipping. They aim to increase supply 

chain resilience. In our research, we showed that companies in the automotive industry generally did 

not make strategic decisions. Ad hoc and operational measures were taken. 

According to Strange [59], reshoring, i.e. returning production to the countries of origin, is one 

of the most important elements of reconfiguring the global supply chain. The popularity of this idea 

was heavily influenced by the COVID-19 pandemic. In our research, looking for alternative suppliers 

and customers was not often cited as a way to counter supply chain disruption. Such actions were 

more often taken by companies involved in the sale of vehicles and parts (35% of subjects) and least 

often by companies involved in vehicle maintenance and repair (23%). Assertive behavior and not 

looking for new suppliers were most prevalent.  

Javorcik [60] suggests that the transformation of global supply chains will happen, but not so 

fast. The reason for this was the realisation of the high dependence of industrialised countries on 

Chinese suppliers. Increasing resilience is possible primarily through diversification of supply 

sources. For this, direct investment is needed, so the process can be lengthy. Van Hassel et al. [61] 

point to the growing importance of nearshoring, i.e. relocating production and parts of operations to 

a nearby country. Poland may be regarded as such a country for Germany, but also for other Western 

European countries. This may also explain the results we obtained, i.e. the low share of companies 

making strategic decisions. In addition, the majority of companies stated that the disruption caused 

by COVID-19 was short-lived. However, such views in academic research were rare. They tended to 

assume a shift away from globalisation towards regionalisation. Ciravegna and Michailova [62] gave 

reasons for such patterns, i.e. less trust in global supply chains, greater nationalisation, and state 

interventionism. During the pandemic in Poland, the government took measures to support 

companies that were pillars of the economy, such as those in the automotive industry. As a result, 

the resilience of the economy and the supply chains in which Polish companies operated was 

strengthened [63]. This may be the rationale behind the results we obtained in terms of the actions 

taken by the surveyed companies. Enterprises with financial support from government programs did 

not make radical decisions and were able to wait out the crisis caused by the COVID-19 pandemic. 

According to Ivanov [64], the COVID-19 pandemic was a special case of supply chain risk, 

because it was characterised by the long-term existence of disruptions and high uncertainty. This was 

caused by linkages and dependencies in supply chains, which became a bottleneck during the 

pandemic. In addition, the automotive industry is characterised by highly centralised supply chains, 

which also influenced decision-making [65]. This may explain the correlations we obtained in our 
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study. Polish automotive companies generally did not make radical decisions, they focused on 

operational changes.  

According to Gereffi [66], global supply chains are subject to the same regularities, regardless of 

the type of product. These regularities apply at the macro level for international trade, investment, 

and finance, the meso level for national and regional economies, and the micro level for local 

economies, suppliers, communities, and workers. The pandemic, however, brought to light 

differences between industries that resulted from variations in demand, supply, and logistical 

operations. The onset of the crisis in the automotive industry coincided with the emergence of the 

SARS-CoV-2 virus in China’s Hubei province. This province was one of the main industrial bases 

where a large number of suppliers were located. Eldem et al. [67] suggest that the automotive 

industry was one of the most affected by the pandemic, due to the interconnectedness of global 

supply chains present. It is estimated that as many as 80% of parts in the automotive industry come 

from China [68]. Therefore, the economic impact of the COVID-19 pandemic quickly extended to 

other regions of the world that import automotive parts from their Chinese partners. It is also 

acknowledged that the pandemic has only accelerated processes started earlier, related to the 

relocation of production from Asia and the establishment of regional supply chains. In our study, 

companies generally made operational decisions during the pandemic. There was a small proportion 

of companies deciding to make radical changes. Perhaps such decisions were deferred until 

stabilisation. During the crisis, the most important thing was to survive in the market. Empirical 

studies on the functioning of the automotive industry during the pandemic are scarce. In one such 

study, Eldem et al. [67] found that the automotive industry mostly made operational decisions related 

to adapting to the new situation. According to Ruggiero et al. [69], the COVID-19 pandemic also had 

positive effects. Specific operational risks in the supply chain were identified and placed in the 

companies’ operations to be regularly controlled and monitored. Eldem et al. [67] suggested that the 

pandemic has created new challenges in transforming existing automotive supply chains to make 

business operations more sustainable. Companies need to plan for future operational changes against 

the activities of manufacturing companies in their supply chains. Automotive manufacturers and 

parts suppliers need to redefine their supply chain risk model, from sourcing raw materials to the 

production of finished products, to protect their market position and limit supply chain disruptions. 

5. Conclusions and recommendations 

5.1. Conclusions 

Based on the research conducted, it was possible to identify disruptions in the supply chains of 

automotive companies depending on the type of business. The research presented allows several 

conclusions to be drawn: 

1. The automotive industry in Poland was dominated by small-scale enterprises, which means high 

fragmentation. The largest proportion of large enterprises was among manufacturers. In 

contrast, the largest number of micro-enterprises was in the case of car maintenance and repair 

activities. The scale of the operation was related to the type of business. 

2. The majority of companies sourced from local and national suppliers, with dependence on these 

markets increasing for companies further down the supply chain (this was highest in car 

maintenance and repair operators). International or global sourcing was declared by a fairly 

large group of car manufacturers and dealers, but sourcing from closer markets dominated these 

groups of companies. Such a result indicates a low dependence of the surveyed companies on 

international or global supply chains. Interestingly, sourcing from closer markets was also 

associated with a small number of suppliers, which generally did not exceed 50. Most 

maintenance and repair companies had up to 5 suppliers. In contrast, the vendor group was 
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dominated by companies with between 11 and 50 suppliers. There were differences between 

companies depending on the type of business. 

3. Regardless of the type of business, automotive companies experienced disruption in their supply 

chains. There was little variation by type of business. The most frequent disruptions were due 

to lockdowns and official closures, low stocks of materials and products, and problems with 

employees due to illness and quarantine. In all cases, the greatest number of disruptions were at 

car and parts dealers. In concretising the types of disruption, it was indicated that there was no 

difference by type of business. The research hypothesis was rejected. In all companies, problems 

with longer lead times, with increased costs of transport, storage, and work with on-time 

delivery were mainly indicated. 

4. Disruptions in supply chains were generally short-lived (up to 1 year). Companies at the 

beginning of the supply chain (manufacturers) indicated longer disruptions and even continued 

disruptions. Statistical tests, however, did not show a dependence of the duration of disruptions 

on the type of business.  

5. To address disruptions in supply chains, operational measures were most commonly used. The 

scale of these actions increased further down the supply chain. There was a similar relationship 

in the actions taken by companies. These tended to be short-lived and their frequency increased 

further downstream in the supply chain. Most companies may have assumed that the pandemic 

was short-lived, so this type of action would be sufficient. Smaller companies, on the other hand, 

were only focusing on day-to-day operations, and on survival in the market. Therefore, strategic 

decisions such as looking for alternative suppliers were rarely taken. 

5.2. Recommendations 

The results of the survey can be used for comparison with other similar surveys, and also by 

managers of companies operating in the automotive industry to assess the situation in their 

companies against the sector as a whole.  

Subsequent studies may compare companies operating in the automotive industry in other EU 

countries. These could be companies operating in neighboring countries, but also in more developed 

Western European countries. It will then be possible to identify the effects and ways to counteract 

disruptions in supply chains in the various crashes. Another research proposal is to identify the 

changes made in the longer term after the COVID-19 pandemic. It would be important to assess the 

nature of these changes. To this end, it would be useful to carry out research in a few selected 

companies from different parts of the automotive supply chain. 

A limitation of conducting such research is the lack of readily available up-to-date and detailed 

data directly from enterprises. Conducting such research on a large sample of companies is time-

consuming but above all costly. 
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