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Abstrac t  

This paper would like to investigate the supply-side and demand-side of the 

automotive industry in seven Central and Eastern European countries during the 

COVID-19 pandemic. This paper adopted the vector autoregression (VAR) model to 

analyse the changes in the variables when experiencing the shock. The results suggest 

weak influences between the variables. Then, this paper directly compares the trends 

of each variable over the past five years. We observe strong correlations between 

related variables to production and sales respectively. We suspect the weak VAR 

model results might be due to the relatively short pandemic period to the whole time 

range.  
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Institute of International Studies 

Master Thesis Proposal 

The main purpose for writing this paper is to discuss some social and economic issue 

about the COVID-19. As a person who is also part of this global pandemic, I feel like 

everything has changed a lot. And I believe some of the changes will be permanent. 

For the targeted industry, I choose automotive industry as it is a main part of the 

manufacturing sector in the Central and Eastern European countries. The car industry 

also contribute a lot to the GDP in these countries. Besides, the pandemic also hit the 

global supply chain hard, which affect the imported materials used to build motor 

vehicles.  

 

By the time I had settled my thesis topic, there were not many researchers about the 

COVID-19 and its effects on the automotive industry. Most of the paper about the 

influence of COVID-19 were descriptive analyses. Therefore, in my paper, I would 

like to try to use statistical model to inspect the problem. So, I consulted many 

researches who focused on the supply and demand shocks in previous crises, such as 

oil price crisis. I think analysing the factors impacting the production and sales of the 

motor vehicle would also be interesting.  

 

The model used in this paper is vector autoregression model, which is often used to 

analyse shocks and to predict for future patterns. It could also illustrate the 

relationship between factors and their lag terms. The targeted countries include 

Bulgaria, Czech Republic, Estonia, Hungary, Lithuania, Poland, and Romania. The 

quarterly data ranges from the first quarter of 2007 to the fourth quarter of 2021. 

 

This paper mainly would like to investigate the variables that have significant impact 

on the supply and demand of motor vehicles, and the impact of the COVID-19 to the 

automotive industry in the countries. We assume that all the variables of interest have 

critical influence to the production and sales of cars respectively. And we hypothesize 

that the automotive industry will be hit hard during the lockdown period.
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INTRODUCTION  

 

In 2019, the appearance of the SARS-CoV-2 virus, also called the COVID-19 or 

coronavirus in this paper, marked the beginning of a change in everybodyôs life. No 

one at that time would imagine that the world and daily lives would be so different 

because of this highly contagious respiratory virus. Firstly, the coronavirus has a fatal 

effect on the human body. As of July 2022, over 567 million people have been 

infected. The COVID-19 has caused the death of 6.38 million people (WHO, 2022). 

This disease is the largest and worst epidemic since the flu in 1918 (Adam, 2022). In 

addition to the impact on personal health, the COVID-19 also significantly influences 

society and the economy. The pandemic has reduced most peopleôs life quality both 

physically and psychologically. Mental health problem has become a severe issue for 

many citizens. 

 

Moreover, the disparity between the rich and the poor widened during the pandemic, 

and the pressure on the poor to survive increased greatly. The educational systems in 

most countries were hit hard and made a huge change due to the virus. Because 

schools and universities were places where many people gather, they were closed due 

to the government policy to prevent the spread of the coronavirus. Therefore, online 

educational systems were built to let students take online classes to ensure the 

teaching and learning process goes on properly. 

 

As for the economic impact, during the pandemic, most countries around the world 

were in a recession, with negative growth in GDP. The stock markets were at their 

worst since the global financial crisis in 2008. International trade was mainly 

disrupted, as the national borders in some countries were closed during lockdowns, 

and international flights and sea routes were suspended or delayed for health and 

safety reasons. We could observe that the global supply chain was also disrupted due 

to the pandemic. The costs, including human costs, raw material costs, and 

transportation costs, increased as the virus spread globally. The difficulty for both 

imports and outports was largely increased.  

 

Now three years later, at the time of the writing, many countries are still in the process 

of preventing this pandemic. Daily new infected cases are still on the rise, and 

governments still have to spend many resources on the healthcare sector to deal with 

the problems led by COVID. As for daily life, work from home become the new 

normal. Wearing masks and keeping two-meter social distances in public spaces are 

now the unspoken rules in many regions. The global economy still has not fully 

recovered from the fatal hit, but it is good to see that the unemployment rate is almost 

back to the pre-crisis level, and international trade plunges back quickly. In short, 

many things have changed since the pandemic. At the same time, people have learned 

to live with the existence of coronavirus, and countries are focusing on the 

development in the post-epidemic era.   
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As mentioned before, the COVID-19 imposed a huge shock to the economy. More 

specifically, many industries suffered significantly from this shock. The most directly 

influenced industry must be the health sector. In many developed countries like the 

UK and the US, their health care system could not cope with the flood of patients over 

a short period. Less developed countries with already underdeveloped healthcare 

systems were even less equipped to deal with the consequences of the pandemic. 

Furthermore, the entertainment and tourism industries were hit hard. This includes 

hotel businesses, restaurants, travel agencies et cetera. Meanwhile, the manufacturing 

sector was also largely affected, and different industries received varying influences 

due to product differences. The survey conducted by Ernst & Young LLP in late 2020 

showed that employees in industrial companies and the automobile industry believed 

the pandemic outbreak strongly negatively influenced their daily work. Nevertheless, 

some manufacturing sectors like mask producers, medical device manufacturers, and 

essential product makers benefited greatly from the shock. (Harapko, 2021). The 

impact of the shocks on the manufacturing industry could be discussed from three 

main aspects, the supply of products, the demand of products, and human resources. 

For the manufacturing product supply, it is highly related to the resilience of the 

supply chain. In other words, the ability to absorb the shocks or to recover from the 

disturbances of the countries on the supply chain matters to the supply of the products. 

Manufacturers need to get the raw or intermediate materials for production, but this 

can be difficult to achieve during crises. 

 

For instance, the lack of semiconductor devices or microchips during the pandemic 

slowed the production of motor vehicles, electric devices, and medical equipment 

(Ricaurte, 2022). On the demand side, peopleôs consumption behaviour changed a lot 

during the pandemic. The McKinsey report shows that consumers would spend much 

less on non-essential products. This is partly due to consumersô worry about the 

pandemic, and the enlarged uncertainty about the future made them want to save more 

money or spend only on essential goods. Also, the shutdown of restaurants or leisure 

venues led to an unintentional reduction in unnecessary spending (Remes, et al., 

2021). The labour market directly influenced the supply and demand of the 

manufacturing industry. During an epidemic, workers were unable to attend work for 

government policy reasons or for health reasons, and their absence could affect the 

production process to a great extent. As the unemployment rate increased sharply in 

2020, and many people could not get paid on time, the wages and salaries decreased, 

causing a shift in their consumption structure, which further affected the demand for 

products.  

 

This thesis intends to put focus on the automotive industry in the central and eastern 

European (CEE) countries and analyse the impact of the COVID 19 shocks on the 

supply and demand of motor vehicles. The reason for choosing the automotive 

industry is that, the manufacturing industry plays a huge part in most of the CEE 

countries. Industrial production in these countries contributes a lot to the domestic 
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GDP individually, and there is a high dependency between the industry and the 

domestic economy (CieŜlik, 2021). Furthermore, the automotive industry in CEE 

countries has been developing quickly in recent years. The CEE countries are said to 

have the best environment for automotive manufacturing due to their political and 

economic resistance, cost-effective human resources, and well-structured and 

attractive tax policies (Frank and Szeles, 2022). All these external conditions provide 

a suitable environment for the blooming of the automotive industry. Therefore, 

analysing the car industry may be interesting and constructive for the CEE countries.  

 

On the other hand, the choice of analysing the COVID-19 shock is partly due to my 

personal interest and partly due to my expectations for the future. As a person who 

witnessed and experienced the shock of the pandemic, I have a great feeling about this 

issue. Moreover, now in the post-epidemic era, this thesis hopefully could discover 

some helpful information and provide some practical ideas for future development in 

the industry. 

 

This paper is constructed with five main parts. It starts with an introduction, 

illustrating the intentions and some background information for the thesis. Then 

chapter 1 provides a literature review on the supply and demand shocks before and 

during COVID-19 to gain some insights into the methodology of this paper. Also, 

some general information on the automotive industry is also provided in this chapter. 

In chapter 2, the details related to the analysis are included. Specifically, this chapter 

will start with the proposal of research questions and the hypothetical results. Then, 

this paper will provide the data description and methodology used in the statistical 

analysis. Besides, the covid prevention policies in each targeted country are also 

included in this chapter. The analytical results and the interpretations of the whole 

statistical model will be shown in chapter 3. Finally, in conclusion, there will be a 

brief summary of the purpose and contents of this thesis. The focus will be on the 

results of the research and some policy recommendations.               
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1.1 Literature Review 

 

1.1.1 Social and Economic Impact of COVID-19 

 

COVID -19 introduce 

In November 2019, the first case of the Coronavirus was found in Wuhan, Hubei, 

China. Since then, the epidemic soon spread across China, and affected over 70 

thousand people in two months (Zhu, Wei and Niu, 2020). On January 13th, 2020, the 

first case outside China was identified in Thailand, marking the beginning of a world 

pandemic (WHO, 2020). The Coronavirus, referred to as COVID-19 for simplicity in 

this essay, is a SARS variant that mainly damages the respiratory system and can be 

spread by mouth and nose (WHO, 2022). The high transmissibility feature of the 

COVID-19 and the severe damage it does to the human body makes it a hazardous 

virus (Nazario, 2021). More seriously, the Coronavirus has been changing and 

mutating since it was discovered, which makes it harder to control (Ray and Bollinger, 

2022). By July 25th, 2022, the COVID-19 had spread to over 220 countries and 

regions, affecting 570 million people and causing 6.4 million deaths (ECDC, 2022). 

Moreover, the numbers still seem to be non-stopping. 

 

COVID -19 social impact 

Since the outbreak of the COVID-19, the pandemic has affected the education 

industry and brought greater concerns about poverty and mental health problems. To 

reduce the infection among people, most countries adopted the social distance policies 

such as working from home, online teaching and learning to varying degrees.  

 

The reduction of in-person contact between teachers and students in the education 

industry led to declines in learning opportunities and uncertainties in educational 

outcomes (Reimers, 2022). For primary and secondary students, the remote learning 

mechanism largely reduced their contribution to learning due to declining class 

engagement and limitations in teaching resources (Bellei et al., 2022). On the other 

hand, the studies in Norway, primary and secondary schools showed that only one-

fourth of the teachers paid close attention to the students who needed extra help. The 

teachers just implicitly assumed that parents would take part in the home teaching, 

which led to unevenly distributed learning opportunities (Federici & Vika, 2020). 

Similarly, COVID-19 also hit the higher education systems hard. The International 

Association of Universities (IAU) organization under UNESCO conducted a survey 

on the influences of COVID on higher education systems around the world. It was 

concluded that by August 2020, 59% of the 424 higher education institutions in the 

survey reported that their activities on campus were stopped due to concerns of 

COVID-19, affecting over 1 billion students around the globe (International 

Association of Universities, 2020). The challenges did not only come from the 

cancellation of campus activities. The online teaching or so-called remote teaching 

mechanism brought great difficulties to the teaching methods and examination 

arrangements. Both university students and professors have faced great pressure to 



6 

 

adapt the virtual teaching techniques in such a short time (Morales, Moreno, and 

Rojas, 2021). The remote examinations increased the likelihood of cheating, which 

reduced the authority of university diplomas. And for medical students and 

biochemistry students, the remote exams were unlikely to test their practical skills due 

to limited technology (OECD, 2020). Overall, the digital transformation in 

universities is still ongoing. Most institutions are adopting the hybrid teaching method, 

which combines both remote teaching and in-person teaching, the performances of 

this mechanism remain to be seen (McMurtrie and Ostrikov, 2021). 

 

Additionally, the COVID-19 has a fatal effect on the poor. According to the statistical 

summary done by (Kharas, 2020), the number of people who was under the poverty 

line has increased by over 140 million. What was worse, the enlarged poverty issues 

caused by COVID-19 did not seem to be a short-term problem. It is highly possible to 

have permanent influences on the poor. Besides, the pandemic put a lot of pressure on 

the poor countries, making the situation worse than in the pre-COVID period. In 

Africa, the death rate was 0.4% higher than the average, which was likely due to the 

low vaccination rate and high medical costs (Jordan, 2021). Pieces of evidence 

showed that the pandemic had a greater influence on the urban area than the rural area 

in African countries, mainly due to the lockdown policies and social distancing 

constraints (Laborde, Martin and Vos, 2021). In India, the COVID-19 accelerated the 

insecurities of workers, especially informal workers and migrant workers. During the 

lockdown period, the average decrease in wages was around 23 % for informal 

workers and 4% for formal workers. The wage loss directly discouraged people from 

getting proper medical treatment even after the vaccination program was initiated 

(Dang, Lanjouw, and Vrijburg, 2021). For immigrants in India, over 70% of the 

migrant workers did not have stable housing and access to clean resources, according 

to the survey done by Babu, et al. (2018). That means they were living in fear of high 

risks of unemployment as well as getting infected. 

 

In addition, COVID-19 not only damages the human body itself, but also severely 

impacts mental health. Since March 2020, the amount of people who experienced 

depression and anxiety has been twice as many as before, with unemployed people 

experiencing greater mental issues (OECD, 2021). The deteriorated mental health 

issues were caused indirectly by the strict prevention measures and peopleôs fear of 

infection (OECD, 2021). In OECD countries, the severity of anxiety, depression, and 

other mental health problems were positively correlated to the death rates and the 

strictness of means of preventing infection (OECD, 2021). Other reasons that led to 

the mental illnesses include loneliness from the lockdown and self-isolation, worries 

about unemployment, and rent paying (Marshall, Bibby and Abbs, 2020). Healthcare 

workers constantly worked overtime due to the lack of medical staff. The stress from 

work and imbalances between work and life caused healthcare workers, especially 

front-line workers, to exhaustion (Naslund, et al., 2021). Moreover, because of 

professional reasons and implicit guidelines, medical workers tended not to seek help 

when they were experiencing mental illnesses (Naslund, et al., 2021). According to 
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research in Spain, over 80% of the people who suffered from mental issues were 

women (Martin, et al., 2021). After introducing the work-from-home measures to 

guarantee social distancing, women who had professional jobs usually had to take 

care of the daily house chores at the same time. In the survey conducted by (Sharma 

and Vaish, 2020), 67% of the 537 women participants reported great mental and 

physical stress from their dual tasks. Meanwhile, the drastic gender inequality issue 

during the pandemic caused a higher unemployment rate and financial insecurity for 

women. The world average unemployment for women was 1.8 times higher than for 

men, making them more insurance and more vulnerable to mental health problems 

(Madgavkar, et al., 2020).  

 

COVID -19 economic impact 

As a global epidemic, the COVID-19 hit the economy extremely hard as well. In 2020, 

the world economy shrunk by 3.4%, causing an approximately 2.4 trillion dollars loss 

(UNCTAD, 2021; Yeyati and Filippini, 2021). According to the IMF, the global GDP 

growth rate was -4.9% in 2020, which was the worst development situation since 

1990 (World Bank, 2020;  IMF, 2020). In the US market, the overall damage caused 

by the COVID-19 is more intense than the Global Financial Crisis in 2008 (Li, et al., 

2021). The CPI inflation rate in the US rose by 6.81% in 2020, causing concerns to 

the stock market particularly (Patton, 2021). At the end of 2020, the yearly average 

unemployment rate in the US labour market has reached 8.09%, compared to the 

average rate of 3.675% in 2019 (US Bureau of Labor Statistaics, 2020). The situation 

in the Euro Area (EA) was also severe. The GDP decline in the EA was about 10% by 

June 2020, greater than the 8% average rate in advanced countries (Ehnts and Paetz, 

2021). The infected cases in the EA also influenced the sovereign spread in an 

undesired way, inferring the greater sovereign default risks imposed to the Eurozone 

(CEPII, 2020). More importantly, the world economy was unlikely to return to the 

pre-COVID level in a very short time despite the gradual recovery from 2021, as the 

pandemic is likely to have a long-lasting effect on the working styles and working 

hours (Yeyati and Filippini, 2021).  

 

In terms of the international trade during the pandemic, the international trade in 

merchandise declined by 7% in 2020, similar to what was observed in the Global 

Financial Crisis (Liu, Ornelas and Shi, 2021; Barbero, Lucio and Crespo, 2021). 

While the service sector experienced a greater decrease in contrast with the goods 

sector, with an approximate growth rate of -20% and -5%, respectively (Bank of 

England, 2021). Du and Shepotylo (2021) revised the international trade 

performances in the UK in 2020 by examining the growth in its exports and GDP, as 

well as the market conditions in UKôs major trading partners like the US, Germany, 

and China. By constructing the óshock factorô index, which represented the 

comparative scale of export growth to the GDP growth in 11 major countries and 

regions, the authors found that the UK is one of the countries that witnessed the 

greatest trade collapse during the pandemic, partly due to the loss of competitiveness 
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due to Brexit in the pre-COVID period (Du and Shepotylo, 2021). Policies also 

contributed to the disruption in the trade sector.  

 

In the research done by (Bekkers and Koopman, 2020), they intended to compare the 

different trade effects under different spans of the pandemic and COVID-19 

prevention policies. There were three types of the model introduced in this paper, V, 

U, and L shapes
1
, each representing different COVID-19 prevention methods and 

different attitudes towards recovery. By examining the labour shortage, trade costs, 

GDP and exports in 17 countries and regions under the three schemes, they found that 

with the most positive recovery prospect, the trade effects and GDP changes were the 

slightest. So, the longer the social distancing measures and the stricter trade policies 

were, the heavier the global economy and international trade sector would be suffered 

(Bekkers and Koopman, 2020). One major industry that was affected by the change in 

trade policy was the medical sector. Over 60% of the policies during the pandemic 

were imposed on the medical product (Evenett, et al., 2021). Most countries relied 

heavily on international trade by imposing constraints on medial exports and lowering 

import standards as a result of the surging demand and shrinking domestic supply in 

this health crisis (Evenett, et al., 2021; Evenett, 2021). By 2019, the value of 

restrained exports and promoted imports in international trade had already reached 

135 billion dollars and 165 billion dollars, respectively, and the numbers were 

expected to grow in 2020 (Evenett, et al., 2021). These policies might be effective in 

the long term, but the disruption in the global supply chains has already raised the 

awareness for internalized production for countries to fight against COVID-19 

(Leibovici, Santacreu and Peake, 2020).  

 

 

 

1.1.2 Supply and Demand Shocks 

 

According to the research, the COVID-19 pandemic caused serious damage to the 

global economy, caused by shocks from both the supply-side and demand-side. A 

Supply shock refers to the changes in the supply side of the economy due to 

unforeseen shocks (Ross, 2021). A demand shock shifts the quantity and price of 

commodities or services in another way. Changes in tax rates, interest rates, 

consumersô willingness, and unemployment to purchase all could attribute to the 

demand disturbances (CFI, 2022). In the long run, a supply shock would increase the 

uncertainties of the real GDP in some countries, but it is an essential factor in 

explaining the changes in inflation within economies (Fahad, et al., 2020). Similar 

conclusions about the impact of supply and demand shocks were demonstrated in the 

                                                 
1
 The shapes indicate the speed of recovery from the COVID-19 prevention measures. The V-shape indicates a 

very quick recovery from the pandemic; the U-shape assumes the measures will be lasting for 6 months at least; 

The L-shape expects the preventions to last for 1 year or more.  
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multi-country new Keynesian model. Smith, et al. (2010) inspected the damages of 

global supply and demand shocks in over 30 countries under the rational new 

Keynesian constraints. By visualizing the levels of output, inflation, and interest rate, 

they found the adverse influences of the worldwide shocks on these factors in the long 

run. 

 

There are many existing studies that analysed the impact of supply and demand 

shocks before the COVID-19 period. The oil industry is one of the sectors of interest 

since it is greatly sensible to supply and demand. Kilian (2009) suggested that the US 

crude oil market disturbance was mainly driven by the demand shock, and (Lutkepohl 

and Netsunajev, 2014) confirmed the very limited influences from the supply shock 

by implementing a similar method. Kilian (2009) focused on the expansion in the 

crude oil price in the US from 1975 to 2007. He developed the monthly index to 

represent the global economic movement on the basis of the ódry cargo single voyage 

ocean freight rates, which captured the demand in industries around the globe. The 

exclusion of the exchange rate in the index could explain the activities more 

straightforwardly. After disintegrating the shocks and comparing the movement of oil 

production, and oil price to these shocks, Kilian (2009) discovered the varying 

impacts caused by different kinds of shocks. Then, he used the vector autoregression 

(VAR) model to analyse the shocks on macroeconomic variables and their lagged 

terms. In his findings, he criticized the implicit assumption of exogenous oil price in 

previous findings and emphasized the importance of the demand shocks in the 

explanation of the endogenous oil price fluctuations. Likewise, Lutkepohl and 

Netsunajev (2014) followed Kilianôs approach, but taking into account the Markov 

switching in the residual covariances, which would explain the volatility in variables 

more specifically and identify structural shocks. The authors used the volatility 

differences to represent shocks. The monthly data from 1973 to 2006 supported the 

results from Kilianôs research (2009) that demand shocks were the dominant reason 

for oil price changes. Moreover, they proved the increasing importance of demand 

shocks and the descending explanatory power of oil prices over time. Baumeister and 

Hamilton (2019) introduced the Bayesian analysis to the vector autoregression 

(BVAR) method to describe the international oil market by evaluating relationships 

between the oil quantity, oil price, and economic movement in real terms. The 

Bayesian distribution was used to distinguish the primary and subsequential 

information in each analysis, which helps to focus on different variables. The real 

economic movements were captured by the changes in shipment costs, as introduced 

by Kilian (2009). By studying the supply elasticity, demand elasticity, price elasticity 

and other factors in oil supply, consumption and inventory shocks in OECD countries, 

Baumeister and Hamilton (2019) discovered the considerable lagged effect of supply 

shocks on oil prices which lead to the economic contraction. While the demand side 

effect, including both consumption and inventory shocks, did not seem to contribute 

notably to the economic changes.  
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Moreover, the supply and demand shocks within an industry might affect the stability 

of other industries. Gas, as one of the fossil fuels like crude oil, was largely affected 

by the fluctuations in the oil industry. Zamani (2016) adopted the tools used by Kilian 

(2009) to study the gas price changes in the US market related to the supply and 

demand shocks in the oil market. The researcher used the structural vector 

autoregression (SVAR) model and added the price of gas price to the original three-

factor VAR model introduced by Kilian (2009). He found no considerable changes in 

gas prices from the oil supply shock. However, the gas price fluctuations assimilated 

the oil price changes when facing the oil demand shock. The author believed the 

reason for this cointegrated pattern was that oil and gas were complementary 

consumption products. In another paper conducted by Nadal, Szklo and Lucena 

(2017), they found that the shocks in the oil industry were closely related to the stock 

market returns. By studying the dynamics in the oil market and S&P 500 stock market 

returns, they discovered a significantly positive relationship between the demand 

shocks and the stock market returns. On the other hand, the weak relation of supply 

shocks to the stock market, which contracted the previous common understanding, 

was likely to be caused by the low weight of oil in companies. Forhad and Alam 

(2022) attempted to look into the oil market disturbances to the prices in the food 

industry using the Markov switching VAR (MS-VAR) model. The results showed no 

significant influences on the food price due to shocks in the oil market except for the 

corn prices. Although the outcomes did not seem universal, it was important to detect 

the cross-section impacts of supply and demand shocks.  

 

In addition, several studies have found that the demand and supply shocks are closely 

related to the structure and stability of the supply chain. Shi, Zhang and Ru (2013) 

inspected the impact of single demand shock and complicated demand shock on the 

power structure of the supply chain using the game theory model. The supply chain 

power structure refers to the level of dominance of a member within a supply chain 

(El-Ansary and Stern, 1972). In this paper, the game theory-based model consisted of 

a producer and a seller, the supply chain power was allocated to the company, which 

turned to non-coordinated. The two kinds of shocks, simple and complex shocks, 

were both constructed as linear functions with different elasticities. The Nash 

equilibrium in the study indicated the differentiated effects of demand shocks to 

supply chain power. More frankly, the demand shocks would alter the beneficiary 

within the supply chain. Moreover, the transmission channels were assumed to be 

distorted after the shocks. Hanisch and Kempa (2017) targeted the importance of 

transmission channels to the supply chain by studying the impact of US supply and 

demand shocks on other G7 countries from 1983 to 2015 in the quarterly interval. The 

model used in this study was a factor model which represents the shocks based on the 

business cycle movement. To examine the transmission channels, the authors 

analysed the cross-country spill over effects of the shocks as well as the constantly 

mentioned macroeconomic factors. The results showed that the GDP, employment 

rate, trade and stocks in the G7 countries were affected by the positive supply and 

demand shocks in the US to different extents. Countries like Japan which was less 
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connected to other countries, experienced fewer changes from the shocks. The 

findings inferred the dominance of the US in the supply chain as well as the 

significance of the trade and financial channels during the shocks.  

 

Demand and supply shocks are proved to have implications on monetary union, 

markup behaviours, and consumersô attitudes as well. Pentecost and Turner (2010) 

looked into the supply and demand shocks in 4 Caribbean countries to testify the 

opportunities to form a monetary union. The model results suggested similarities in 

the aggregate demand and supply between the four countries in the medium run, but 

the differentiated shocks and low level of correlation between the supply and demand 

structures could not allow for the monetary union to be successfully constructed. In 

the other research, supply and demand shocks were proved to have distinct effects on 

the markup behaviours in OECD countries. The markups are the spread between costs 

and sales prices presented as the percentage of costs. The SVAR model results in the 

paper illustrated the negative impact of the demand shocks and the ambiguous 

influences from the supply shocks to the markups in the OECD countries. Unlike the 

previously mentioned papers, the study conducted by Guntner and Linsbauer (2018) 

focused on consumersô attitudes and expectations about the market after the supply 

and demand shocks. The authors initiated a survey to generate the óIndex of 

Consumer Sentiment (ICS) as the proxy for the attitude patterns. The survey questions 

concentrated on consumersô confidence and interest in the oil market 1 to 2 years after 

the shock. Then, they quantified the results from 1 to 5 and adopted the VAR model. 

The results did not reveal much useful information on the supply side of the shocks. 

Though, the consumers were generally optimistic about the oil market for a short 

period after the demand shocks, followed by pessimistic attitudes towards inflation, 

unemployment, and government policy.  
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1.2 AUTOMOTIVE INDUSTRY  

 

1.2.1 Shocks in the Automotive Industry 

The automotive industry might experience various kinds of shocks, including 

technology shock, supply shock, demand shock, inflationary shock, and policy shocks. 

 

Technology shock is a sudden change in innovation, which changes the production, 

investment, consumption, and other economic and social factors (Dedola and Nori, 

2007). Usually, the technology shock in an industry refers to a positive transformation, 

but tightened technology shock is also likely to happen. Long before the pandemic, 

the prevailing electric car changed the structure of the automotive industry 

dramatically. Although electric car technology was invented back in the 1830s, the 

high cost of production and maintenance led to its fall until the beginning of 

technology improvement in the 21st century (Matulka, 2014). The improved 

technology ensured a lower cost in the high-quality materials, especially the batteries 

that are essential to electric cars (Ripin, 1995). Around the same time, the 

development of hybrid fuel technology, which combined fuels and electricity to drive 

the car, led to a significant increase in hybrid car sales. As shown in Figure 1, the 

sales of electric cars and hybrid automotive witnessed substantial growth in the past 

ten years. The market share of green-energy vehicles started to soar in 2019. 

According to the forecast, by the time 2040, over 60 percent of automotive will be 

electricity-powered (McKerracher and Wagner, 2021). 

 

Figure 1                                                        Figure 2 

 

 

Source: Irle (2021) Global EV Sales for 2021. EV Volumes; Bloomberg NEF (2021) Electric Vehicle 

Outlook 2021. BNEF.  

 

The technology shock brought opportunities to the electric powered vehicles, yet, it 

shook the dominance power of the petrol cars based on the decreasing sales value 

shown in Figure 2. The technology shock in the automotive industry has already 

changed the structure of the vehicles in the market, and it is expected to open up new 

ground for green energy cars.  
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The rising demand for electric vehicles indicates the need for semiconductor chips is 

also increasing. Although semiconductor chips are not only used in electric vehicles, 

the more advanced electric cars will require more semiconductor chips (Smith, 2021). 

The chip shortage has serious influences to the car market during the pandemic, 

causing delays to the car production (Leggett, 2022). 

 

Supply shock is not often observed in the automotive industry. From following Figure 

3, it is not hard to tell that worldwide vehicle production has been steadily developing 

from 2010 to 2017, except the slumps in 2008 and 2009.  

 

Figure 3 

 

Source: OICA, retrieved from Statista 

 

The oil price changes indirectly impose the negative shock in the automotive industry. 

As illustrated in Chapter 1, the supply shocks in one industry are likely to affect other 

industries as well. For car production, oil is essential in making tires (McManus, et al., 

2005). The increase in oil prices indicates the price of inputs for car manufacturing 

would follow up, which discourages the production process. McManus, et al. (2005) 

looked into the consequences of high oil prices on automotive production profits. The 

studies were done in major car manufacturing countries like US, Japan, and Europe. 

The mathematical model was simple. The authors defined the high oil price as $80 

and $100 per barrel, and the profit for automakers was calculated by excluding fixed 
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costs and variable costs from revenues. In all the major automotive production 

markets, the production was sensitive to the oil price increase. The vehicle industry 

witnessed a decline in production volume of around 6% in the US, and 3% in Japan. 

The profits loss and unemployment issues in the industry also deteriorated when oil 

prices rose, resulting from the production cutback. 

 

Furthermore, the oil price changes are highly correlated to transportation costs, which 

directly influence the automotive manufacturing procedure. Moutinho, Bento and 

Hjko (2017) examined the influences of oil price fluctuations on the European 

Union's transportation sector. Using the two-period analysis method, they analysed 

the linkages between crude oil prices and consumer price of fuels such as gasoline, 

diesel, and autogas in the 27 EU member countries. The two-period method was used 

to differentiate the before-crisis performances and the post-crisis ones. The 

coefficients in the model represented the long-term impacts, and the short-term 

influences come from the causality test. The authors found a strong positive 

relationship between the price variables both before-crisis and after the crisis. The 

results indicated that oil price increase could be the reason for the changes in the 

consumption pattern for transportation companies and other fuel buyers. A similar 

study about the cross-sector impact of oil price on transportation was also found in 

China market. By looking into the relationship between oil price and the CO2 

emission in China's transportation sector, Wang, Bai, and Xie (2019) found that the 

CO2 emission in transportation could decrease by almost 600 million tons if the oil 

price returned to the average level. The authors adopted a two-step seemingly 

unrelated regression (SUR) on the energy prices and CO2 emission to investigate the 

substitution effect between fuels and the degree of influence of oil price on 

transportation activities. Although a significant negative relationship was identified in 

this paper, the CO2 emission seemed not to be a good proxy for transportation 

activities as they only took up 37% of the overall emission in China (Wang, Bai and 

Xie, 2019). Despite that, many researchers have spotted the sensitivity of transport 

services to the oil price shock on a descriptive level (Baker, 2008; Robinet, 2015). 

 

Figure 4 shows there has been a declining trend in automotive sales since 2017. A 

demand crisis in the industry mainly causes the decrease. Thomas (2019) believed 

that the weakening willingness to purchase in China was one of the reasons that led to 

the drop in global automotive demand, as China was the world's largest market for car 

sales. As illustrated in Figure 4, the annual sales in China saw a sharp decline from 

2016, and the growth rate in China's automotive industry became negative after then. 

The fall in imported cars in China also suggested the demand shock. From 2016 to 

2017, the total amount of imports in China dropped by nearly 9% (International Trade 

Administration, 2022). Despite the slight recovery in 2018, the overall import amount 

in China's automotive industry was shrinking. The shrinking China market was also 

threatening major car manufacturing countries like US, Japan, and South Korea 

through the global value chain (Hagstorm, 2018). 
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Figure 4 

 

Source: CAAM. Retrieved from Statista.  

 

In the meantime, the US car industry also witnessed a decline in demand. Compared 

to the sales in 2016, car sales in US dropped by 4.7%, causing a loss of around 1.5 

million dollars (Burgess, 2017). Nevertheless, the overall decline in the US market 

was moderate, as shown in Figure 5. More specifically, the consumersô preferences 

shifted from normal passenger cars to sports utility vehicles (SUVs) and pick-up 

trucks. And the blooming of green-energy vehicles caused a structural change in the 

US automotive industry. The declining demand for fuel vehicles was within 

expectations.  
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Figure 5 

 

Source: BEA. Retrieved from Statista.  

 

Some academics pointed out that the global demand for automotive decline is partly 

due to policy restrictions. For instance, the increasing tension in trade between China 

and US is one reason that leads to the drop in demand in China's automotive industry. 

The automotive imports from US to China decreased from 274,241 to 145,761 units 

between 2017 and 2018, causing a loss of about 50% (International Trade 

Administration, 2022). As one of the big three companies in the automotive industry, 

Ford suspended its trade plans with China due to the accelerated trade tension (Chor 

and Li, 2021). The trade war between China started in early 2018 and deteriorated 

later that year. The US imposed stricter trade barriers and higher tariffs to protect 

domestic products and the economy. China retaliated with similar practices, making 

the trade relationship tense (Anonymous, 2020). The automotive industry was the top-

ranked trading business in both countries. It was hit very hard by the trade war. In 

2018, the tariff for US vehicle imports reached 40%, compared to 15% of duties for 

other countries (Cheng, 2018). Jain and Saraswat (2019) gave a detailed descriptive 

analysis of the impact of the trade war on the Chinese economy. They concluded that 

the trade war damaged the overall sales by 12%, causing China's slowest development 

in the automotive industry since 2008. What is worse, the trade war did not just 

impose bilateral influences on the US and China markets. It damaged the European 

automotive industry as well. As a significant automaker and a close partner to China, 
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Germany also suffered a lot from the US-China trade war. Germany's vehicle exports 

were expected to drop by 50%, and the imports of car parts would also be seriously 

disrupted (Anonymous, 2019). Apart from the indirect impact of the US-China 

tensions, the European automotive industry was also hurt by the trade restrictions 

directly from the US. Liano, et al. (2020) looked into the European vehicle inputs and 

outputs to disclose the inter-sector effect of US auto tariffs. The model used in this 

research was the SMART simulation model, developed by WTO and used for market 

performance analysis. The authors constructed three scenarios to simulate the 

different tariff levels and trade situations. They used the product trade effect to 

measure the extent of the influences of the US tariff. As expected, the results showed 

significantly reduced output and increased unemployment in the European automotive 

industry, especially Germany, from the US tariff. In addition, Kath and Ribberink 

(2019) focused particularly on the trade of vehicles from Germany to US in the 

presence of a high US import tariff. The fixed effect model was used on the panel data, 

composed of import tariff, trade value, and GDP from 1989 to 2015. The outcomes 

demonstrated a considerable negative relationship between the US tariff and 

Germany's export value, which led to GDP declines for both countries. As shown 

above, policy changes are crucial to the performance in automotive industry. 

 

 

 

1.2.2 Effects of COVID-19 to the Automotive Industry 

 

Research has demonstrated the impacts of a technology shock, supply and demand 

shock, and policy changes on the automotive industry before COVID-19. Then, this 

paper will try to analyse these crises in the automotive industry during the pandemic, 

focusing on supply and demand shocks.  

 

Undoubtedly, society faces many obstacles in the pandemic, but digital technology is 

growing at an unexpected speed. In the survey done by McKinsey and Company, the 

demand for online businesses and remote working has led to the rapid development in 

digital technology for industries (LaBerge, et al., 2020). Soluk, Kammerlander and 

Massis (2021) also found that the pandemic brought opportunities for family firms via 

the adoption of digital technology. In the automotive industry, the restrictions on 

travel and commuting adversely affect technological development. As the report 

shows, most major automotive manufacturing companies cut their spending on 

research and development (R&D) to sustain their operations in 2020 (Naujokaityte, 

2021). However, a more recent survey in 2021 revealed a growth in the global 

investments in R&D in the automotive industry compared to the situation in 2020 

(Anonymous, 2021). Other than the technology deployment delay displayed from the 

R&D investment fluctuations, the COVID-19 did not specifically put much pressure 

on the technology in the automotive industry. However, electric vehicles, which were 

prevalent before the pandemic, experienced a less severe impact from the COVID-19 

than ordinary fuel cars. The Bloomberg report assumed a 5% less decrease in electric 
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vehicles than ordinary ones in 2021 (McKerracher, et al., 2021). And the report 

pointed out the importance of green-energy vehicles in the recovery of the automotive 

industry in the post-COVID era.  

 

As for the supply of automobiles, the lockdown measures largely influenced the 

labour supply, microchip availability, and international transportation. The 

employment situation deteriorated a lot in the pandemic period. In the EU, over 42 

percent of the automakers were affected directly by the COVID-19 (International 

Labour Organization, 2020), which was the worst situation that hit the automotive 

industry after the 2008 global financial crisis (International Labour Organization, 

2020). The ACEA summarized data showed that more than 1 million people in the 

automotive industry were affected due to factory shutdown and lockdown measures 

(ACEA, 2020). According to the Romanian automobile industry estimates, only 250 

employees worked in April 2020 due to the lockdown measures, causing a 96% 

decrease in production (Bondoc and Jucatoru, 2020). Lose, Kwahene and Yakobi 

(2020) adopted the grounded theory method to uncover the relationships and 

behaviours in the COVID-19 period. For the automotive industry, the author 

concluded that COVID-19 largely influenced the manufacturing workers, small and 

medium enterprises (SMEs), and supply chains, raising issues for businesses and 

stakeholders. In the descriptive analysis done by OECD, the automotive industry in 

central and eastern European countries (CEECs) suffered during the first lockdown 

(Klein, Hoj and Machlica, 2021). The estimated decline in production was 

approximately 20% in CEECs compared to 2019. The shutdown of car manufacturing 

factories caused employees to be unable to work, which further accounted for the 

descending productivity. Figure 6 demonstrated the number of employees affected in 

the automotive industry due to factory shutdown and production suspension.  
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Figure 6 

 
Source: ACEA. Retrieved from Statista. 

 

Other than the labour shortage, declining working hours due to social distancing led to 

decreased productivity. Compared to the 2019 statistics, the overall hours worked 

decreased by 13.5% in the second quarter of 2020, with most countries undergoing 

national lockdown (Dumitrescu, 2020). The labour shortage and reduced working 

hours together caused catastrophic damage to the automotive manufacture. 

 

Another issue influencing the car production procedure is the microchip shortage. 

Semiconductor chips are the crucial material in car-making. They are the essential 

parts for touchscreens, emergency systems, airbags, and many other parts for cars 
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(Anonymous, 2021). Usually, a car uses 50 to 150 chips (Ziady, 2021). The quantity 

of semiconductor chips required for electric cars ranges from 1500 to 3000(Theo, 

2022). Asian factories account for most chip productions, dominating the market and 

the global supply chain. The Taiwan Semiconductor Manufacturing Company (TSMC) 

holds over half of the semiconductor production globally (Yadav, 2021). 

 

Similar to other manufacturing factories, the semiconductor factories faced large-scale 

shutdowns in 2019 and 2020 due to pandemic prevention measures. According to the 

McKinsey estimation, semiconductor production declined by 5 to 15% in 2020 

compared to the previous year's figure (Bauer, et al., 2020). Despite the recovery of 

microchip production in 2021, the automotive industry was still expected to endure a 

loss of over 200 billion dollars. Marinova and Bitri (2021) examined the microchip 

shortage due to the pandemic. The statistics from the paper showed that the 

unforeseen high demand for microchips in the automotive industry made the impact 

of chip shortage more severe than expected. Major companies like Volkswagen and 

Tesla were all said to encounter production difficulties caused by a lack of chips. Wu, 

Zhang and Du (2021) also mentioned that the mismatches between the demand in 

automobile manufacturers and chip makers were also one reason that hindered car 

production. As microchips needed in the automobile industry only accounted for 12% 

of the total production, when the pandemic slowed down the production procedure, 

the automobile sector could not get enough chips when other major industries came 

first (Wu, Zhang and Du, 2021). 

 

Meanwhile, the mass chip shortage made companies and manufacturers re-evaluate 

their strategies and plans. Most semiconductor companies focused on structural 

adjustments and sourcing strategies to meet high-demand goals (Bauer, et al., 2020). 

Experts in the technology industry suggested that companies could produce chips 

locally rather than importing to compensate for future unforeseen supply shocks (Ford, 

2021). Jiang, Shu and Song (2021) proposed a method to replace currently used chips 

with other available chips at extra costs to meet demand. The authors used the robust 

max-min optimization strategy to evaluate the proposal's feasibility. They intended to 

test whether the solution is worth easing supply chain disruptions. Four kinds of costs 

were included in the study: substitution, inventory, acquisition, and emergency costs, 

which were all included in the optimization problem. The robust model results 

showed that the benefits of using substitute chips for automotive making are more 

significant than the costs incurred, inferring the proposal's feasibility during supply 

chain disruptions. However, the article only inspected the supply chain problems 

experienced by certain microchips. The impact on global supply chains is imposed on 

global disruptions like the COVID-19. In that case, using alternative chips may not be 

effective. 

 

Another important issue affecting the car supply is transportation disruptions. A large 

number of raw materials for car manufacturing in the EU were imported, yet, the 

pandemic disrupted the trade linkages. The imported manufactured products in the EU 
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reduced by 6% in 2020, while the imported raw materials declined by 1% (Eurostat, 

2022; Eurostat, 2022). The pandemic prevention measures like national lockdowns, 

suspended flights, and blocked borders in 2020 caused a 1% decrease in road 

transport in EU (Eurostat, 2021). The disruption was reflected in both national and 

international transportation. The air freight rate also hit its lowest point in the second 

quarter of 2020. According to the estimation, the total loss in air freight reached 125 

billion dollars, falling by 64% compared to 2019 (Wood and Knowles, 2022). Cargo 

transport suffered a lot from the falling number of flights since it depends largely on 

passenger flights (Wood and Knowles, 2022). The International Air Transportation 

Association estimated the cargo demand in the EU is down by 14%, while the Asia 

Pacific suffered less, around 10% (IATA, 2021). Lacka and Supron (2021) looked 

into the transportation companies in Poland in 2019 and 2020. The author focused on 

passenger mobility in the first wave lockdown, using the exponential smoothing 

model with lags and predictions. Only intra-EU trade was included in the study. 

 

The study results illustrated the close linkages between the pandemic's severity and 

transportation activities. In April and May, the number of infected cases reached a 

peak in Poland. Meanwhile, the average daily transportation mileage for both 

individual and cargo vehicles reached the low point within the two-year range (Lacka 

and Supron, 2021). Similar studies were done in the Columbia transportation system. 

Arellana, Marquez, and Cantillo (2020) focused on the lockdown measures and the 

impact on air, freight, and individual transport from March 2020 to June 2020. For 

cargo shipments specifically, the authors divided the time range into four sectors 

based on the level of lockdown. The visualized results showed that when the 

mandatory lockdown was imposed, the freight volumes plummeted and remained low 

until the state of emergency was cleared in April. After then, the freight rate started to 

recover as the policies gradually loosened. The comparing trends in freight trips and 

manufacturing sales indicated the dramatic impact of transportation on the 

manufacturing industry.  

 

Meanwhile, the lack of containers is another reason for low freight rates. Container 

shipping covered 90% of the dry cargo transports (Kilian, Nomikos and Zhou, 2021). 

Metal, oil, fabrics, and other raw materials for automotive manufacturing are shipped 

in containers (Donnelly, 2021). Figure 7 demonstrated the cost of container shipping 

from 2019 to 2021. 
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Figure 7 

 

Source: Freightos. Retrieved from Statista. 

 

The price did not cause fluctuation in 2020, but the cost in 2021 was 526% higher 

than the previous year (Merwe, 2021). Container shipping prices surged in 2021 as 

cargo containers piled up in 2020, leading to extremely high shipping demand 

(Anonymous, 2021). Kilian, Nomikos and Zhou (2021) analysed the container trade 

in North America corresponding to business fluctuations. The authors added container 

trade to macroeconomic analysis to explain their relationships. They emphasized the 

complexity of container shipping, as the timing and level of changes in domestic 

demand and foreign demand differed. The results suggested that the US output 

decline was affected by consumption decrease, which correlated to the container 

market shocks. They expected the container shipping values would increase once the 

business recovered.  

 

Notteboom, Pallis and Rodrigue (2021) compared the container shipping situation in 

COVID-19 pandemic to the 2008 financial crisis. The author used data including 

shipping operations statistics, port demands, and shipping line details to illustrate the 

inter-correlated relationships in the supply chain. The author concluded that the 

COVID-19 placed external shocks on container shipping, which further caused supply 

chain disruptions. The number of containers could not meet the high demand in both 

COVID-19 and the global financial crisis. However, the pandemic influenced the 
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shipping lines and the container capacities, while shipping routes were left unaffected 

by financial crisis.  

 

Alternatively, the impact of demand shocks may not be as significant as the supply 

shocks but is highly correlated to the loss of revenues. The auto sales in the EU are 

shown in Figure 8. The index was measured based on sales in 2015. The sales of 

motor vehicles hit bottom in the third quarter of 2020, only 84.9% of 2015ôs sales. 

Yet, in April 2020, only 270 hundred passengers car were registered according to the 

ACEA statistics, which is the lowest point throughout the year.  

 

Figure 8 

 

Source: Eurostat, Author generated. 

 

Brinca, Duarte and Faria (2020) implemented the structural vector autoregression 

model to decompose the US labour market's supply shock and demand shocks. The 

results showed that the manufacturing industry experienced great labour demand 

shocks in April when the lockdown measures were fully adopted. Mandatory stay-at-

home actions prevented people from participating in activities, which is the core 

reason for the demand shock. The result was not surprising. The OECD report showed 

that the average remote working rate in six OECD countries reached 70% in 

information and communication services, while manufacturing and transportation 

industries had a lower teleworking rate of 15% (OECD, 2021). Working from home 

reduced the need for vehicles to commute and peopleôs desire for a car purchase. In 

2020, the car sales in the European area shrunk by 25% approximately, leading to 3 

million fewer car sales compared to 2019 (Anonymous, 2021). In the US, the 

lockdown was extrapolated to have caused a 64 percent drop in car use. If the working 

from home policy and social distancing measure continues, 14 million cars will not be 

needed in the US (Fleming, 2020). McKinsey and Company conducted a 3-round 

survey in May and June 2020 to study consumersô car purchasing intentions. The 

survey covered seven countries with top car usage, with over ten thousand 

participants. The results showed that the car purchasing trend in the seven countries 

was similar. Consumerôs willingness to purchase declined after the COVID shock. 
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More specifically, the purchasing intention decreased in May but slightly recovered in 

June. One-third of survey participants said they would be reluctant to buy a car 

because they wanted to cut down on unnecessary expenses (Anonymous, 2020).  

 

The survey results hint at another reason for falling vehicle demand: lower disposable 

income. In the EU, a real wage decline was observed in many countries, most likely 

caused by a higher unemployment rate, reduced overtime hours, and increased part-

time or short-time working rate (Oscar, 2021). Moreover, the impact on wages 

differed in industries, age groups, and genders. For instance, people working in 

restaurants, hotels, and entertainment venues experienced the highest wage decline in 

most EU countries. Women and young workers also received lower wages than others 

(Oscar, 2021). However, the International Labour Organization statistics also revealed 

wage increases in some countries, such as Hungary, Serbia, et cetera. (Koop, 2021). 

After all, a wage decrease did not only necessarily mean that people were poorer. 

Instead, about 40% of the wage drop in Europe was compensated by subsidies (Koop, 

2021).  
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2.1 Research Questions & Hypothesis 

 

This paper intends to examine the factors that have significant impacts on the 

automobile industry. In the meantime, this paper is trying to find out the performances 

of the motor vehicle industries in targeted countries when experiencing shocks. The 

focus will be on the production and sales of motor vehicles in individual countries, 

rather than analysing the countries as a whole. This is because the countries can be 

studied in more detail when discussed individually, and the similarities and 

differences between the countries can be studied comparatively, allowing for more 

focused comments. 

 

In addition to this, the paper will compare the situation of the automotive industry 

before the epidemic with the situation at the time of the epidemic, discuss the 

epidemic's impact, and provide some insights into the development of the industry in 

the post-epidemic era. 

 

The following hypotheses will be proposed and tested for the above research 

questions. Firstly, the paper assumes that employment, imported semiconductor chips, 

and imported raw materials all significantly impact motor vehicle production. As for 

the demand side, employment, wages, and salaries, value-added will have a crucial 

influence. Particularly, we would expect the psychological factor ï fear of contagion, 

would influence peopleôs demand for motor vehicles significantly 

  

Secondly, in this paper, the impact of the COVID-19 pandemic might be similar for 

the automobile industry in the targeted CEE countries, as the economic structure 

between countries is quite similar. 

 

Finally, the article hypothesizes that the COVID-19 pandemic will most seriously hit 

the motor vehicle market when each country announces lockdown measures. The 

assumption will be examined by looking at the trend of each indicator.  
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2.2 Data Description 

 

The paper aims to focus on two sides of the economy: the supply-side and the 

demand-side. Therefore, factors that are crucial to both sides of the economy will be 

examined. However, there may be an overlap of factors on both sides, such as 

employment. Therefore, this paper intends to analyse the supply and demand shocks 

separately. In other words, two sets of models will be generated to individually 

investigate the supply and demand.  

 

The analysis will be based on quarterly data from the 2007 first quarter to the 2021 

fourth quarter. The targeted countries are seven CEE countries, including Bulgaria, 

the Czech Republic, Estonia, Hungary, Lithuania, Poland, and Romania. The choice 

of the targeted countries mainly is mainly based on the data availability, but also 

depends on the timing of joining the EU. Czechia, Estonia, Hungary, Lithuania, and 

Poland joined the European Union in 2004, while Bulgaria and Romania joined EU 

on the first day of 2007. Although no clear evidence or research has demonstrated the 

effect of joining EU on the motor sector, the trade between member countries 

increased significantly due to a more liberal trade policy (UK GOVERNMENT, 

2022). Therefore, joining EU is assumed to affect the production and trade of motor 

vehicles indirectly, thus affecting the analysis of the results. To eliminate the effect of 

joining EU on imports and exports, this paper chooses 2007 as the start point for 

analysis.  

 

In this paper, most of the data used are all from Eurostat
2
. Eurostat does not collect 

data itself. It collates data from individual European countries and provides it to 

scholars for convenience. Besides, all the data used are unadjusted, which are neither 

seasonally adjusted nor calendar adjusted. Adjusted data, which eliminates the effects 

of reoccurring events, are usually used to predict short-time trends. Unadjusted data, 

on the other hand, contains all the information for the index, are typically used in 

long-term forecasting (U.S. Bureau of Labor Statistics, 2016). In this paper, the main 

reason for choosing the unadjusted data is that unadjusted data provides a more 

comprehensive dataset than adjusted data. To ensure the validity and accuracy of the 

model results, a complete dataset should be preferred.  

 

To start with, the supply-side analysis will focus on the influence of employment, 

imported semiconductor chips, and raw materials on motor vehicle production. 

Employment is a good proxy for measuring human resources in the industry, and the 

imported materials are expected to reveal information on the physical resources, 

transportation and cargo situations.  

 

Employment (EMP) in motor vehicle production is unavailable, so this paper will use 

quarterly employment in the manufacturing industry as a representative. The 

                                                 
2
 The data from Eurostat is reliable, accurate, and organized by country, date, and indicators for easy comparison. 
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employment is calculated in persons, including an active number of workers in the 

manufacturing industry and self-employed people in manufacturing (Eurostat, 2021). 

The index is generated by using the 2015 value as a baseline and comparing each 

yearôs data with it.  

 

The imported semiconductor chips (SEM) and raw materials (IRM) were retrieved 

from the COMEXT database, which provides comprehensive data for international 

trade in EU countries. Both statistics were in monthly form for data consistency, and 

quarterly data using averages were generated for model computation. Specifically, the 

imported semiconductor chips refer to semiconductor devices in the COMEXT 

database. Moreover, the imported raw materials include common materials for vehicle 

production, such as rubber, aluminium, and steel. It should also be noted that the 

imported semiconductor chips and raw materials include those imported from within 

the EU and from countries outside the EU. Besides, the two indicators represent the 

import values for semiconductor chips and raw materials rather than the imported 

volumes. For simplicity, raw materials are in millions of euros, semiconductor chips 

are in thousands of euros.  

 

The reason for separating imported raw materials and imported semiconductor chips 

is to get a clearer view of the influence of the semiconductor shortage. Analysing the 

imported raw materials could give us a general picture of the supply chain disruption. 

Then focusing on semiconductors will make us better understand this particular 

material's impact. 

 

Production of the vehicles (PRD) in this analysis includes the production of motor 

vehicles, trailers, semi-trailers, and other transport equipment. This unadjusted 

quarterly volume index is given directly on Eurostat, so no further adjustments are 

needed. Similarly, the index is generated using the product in 2015 as the benchmark.  

 

On the demand side, the factors of interest are hard to quantify as they mostly relate to 

consumers' behaviour. The model will analyse the impact of employment, wages and 

salaries, value-added, and fear of contagion on the sales of motor vehicles. Sales 

(SAL), which represents the demand for motor vehicles, is the sales turnover index. 

Employment (EMP) includes the number of persons working in the manufacturing 

industry. Value added (VAD), and wages and salaries (WAS) are represented as the 

percentage of domestic GDP. The above four factors are all retrieved from Eurostat in 

unadjusted quarterly form. Fear of contagion (FOC) is a tricky variable, as there are 

no academic papers that have done research into this factor by the time of writing. 

This paper will  use the country-level Google Trend results based on seven keywords 

to represent people's fear of contagion. The seven key words include óCOVIDô, 

óCOVID-19ô, óCoronavirusô, óPandemicô, óCOVID deathô, óCOVID-19 deathô, 

óCoronavirus deathô. Google Trends report only the daily search results of the key 

works. Therefore, the fear of contagion (FOC) indicator is obtained by adding up the 

search results for all keywords, then taking the average to get quarterly results. 
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Moreover, the results obtained from Google Trends do not represent the search 

volume. Instead, all results are scaled to 100 points, with higher points indicating 

more frequent searches.   
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2.3 COVID -19 Policy Specification 

 

As mentioned in the previous part, this paper will analyse the impact of COVID-19 on 

the supply and demand of automobiles in the seven targeted central and eastern 

European countries. The COVID-19 outbreak started at the end of the year 2019 in 

China. However, it spread to the European countries at different times. So, we will 

look at these seven targeted countries separately. We will be focusing on the 

following parts in each country ï the starting point of the outbreak, the length of the 

lockdown, the lockdown restriction. 

 

In Bulgaria, the first confirmed case was identified in March 2020. A few days later, 

as the number of cases increased rapidly, Bulgaria declared to enter a state of 

emergency on 13th March for one month until 13th April . All  activities were 

suspended in addition to the services required to maintain everyday life. So, 

entertainment venues and schools were all closed, and only supermarkets and 

pharmacies were still open. The fourteen days quarantine policy was introduced at the 

same time. After three days, the Bulgarian government banned all domestic and 

international tourism travels until the end of the one-month lockdown (International 

Science Council, 2022). Despite the fact that the government announced the state of 

emergency would end in April, the restrictions were lifted in May (International 

Science Council, 2022). However, most public services were still shut down even 

though the restrictions were lifted. Schools, shopping malls, and dine-ins were still 

closed. Later that year, a second lockdown was imposed nationally in November 2020 

and lasted until January 2021 (International Science Council, 2022). In March 2021, 

Bulgaria went through a third lockdown for about ten days.  

 

In the Czech Republic, the situations were similar to Bulgaria. The emergency was 

declared around the same time as in Bulgaria, which is 12th March 2020. Non-

essential public services, schools, and traveling were strictly forbidden. Also, people 

were not allowed to go out freely during the lockdown period (Fundamental Rights 

Implication, 2020). Czech republic was also the first European country to impose 

mandatory wearing of facemask, effective in March 2020. The first lockdown in the 

Czech Republic lasted until May, with most restrictions lifted (Anonymous, 2020). A 

second lockdown was imposed in Czech around November, but the measures were 

mainly aimed at restriction cross-border traveling (Cook, 2020), with indirect 

influences on local businesses.  

  

Estonia declared its first lockdown in March 2020 and extended it to May. Public 

gatherings were forbidden during the lockdown, and foreigners were not allowed to 

enter the border. No second lockdown was announced nationally in Estonia, but in 

November 2020, the Estonian government recommended that work could be done 

remotely and that social events should be cancelled (Uuskula, et al., 2022). 
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Hungary also announced the state of crisis in March 2020. Similar preventions like 

cancellation of public events and in-person university classes were announced first. 

Then the government limited the opening hour of restaurants a few days later. The 

first lockdown lasted 54 days in Hungary (Kerekes, Badea and Paun, 2021). Then, in 

November 2020, another round of restrictions was imposed to slow down the spread 

of the coronavirus. The entertainment venues and restaurant services were still largely 

restricted, but some facilities like taxis and deliveries were allowed. This policy lasted 

until March 2021 (Anonymous, 2020).  

 

Lithuania introduced the quarantine policy, traveling restrictions, and school 

suspensions in March 2020, and all the measures lasted until June 2020, when some 

restrictions were lifted (Government of the Republic of Lithuania, 2020). The second 

wave lockdown in Lithuania started at the end of November 2021. It was said to be a 

three-week prevention measure, but some of the measures like travel restrictions were 

not lifted until July 2021 (Government of the Republic of Lithuania, 2020).  

 

Poland first announced the state of epidemic threat in March 2020, but it soon 

intensified to a state of epidemic later that month. The policies also included 

quarantine, flight cancellation, et cetera (Fundamental Rights Implication, 2020). 

Local businesses were not recovered, schools were not reopened until April, 

transportation was gradually recovered from May. In November, another wave of 

federal restrictions was introduced to educational institutions and events for around 

three weeks (Embassy of Ireland, Poland, 2020). 

 

Romania banned all social activities except for essential workplaces and health needs 

to limit the spread of the pandemic (Grecu, et al., 2021). The first wave lockdown 

lasted 52 days from March to May 2020 in Romania (Kerekes, Badea, and Paun, 

2021). In November, slightly less restricted lockdown measures, including curfews 

and school shutdowns, were introduced again to combat the coronavirus (Chirileasa, 

2020). For the second lockdown, it ended about 30 days later.  

 

The national policies regarding the COVID-19 prevention mentioned above show that 

the level of lockdown measures and the length of each lockdown is quite similar in 

the targeted countries. The most strict prevention measures were taken in March 2020 

for about two to three months. All of the countries shut down locations and activities 

that might accumulate a large number of people, and national borders were closed to 

varying degrees to restrain the entry and exit of people. What is not mentioned in the 

above policies is that all countries enforced social distance policy in public locations. 

In November, the second wave of national lockdown was introduced in all the 

targeted countries. The restrictions were similar to the ones imposed in the first 

lockdown, but in most countries, the policies were softer than the previous one as the 

vaccine had begun to be administered on a large scale. 
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Therefore, the critical point in the paper will be March 2020, and we will also see how 

variable changes after that. We will also focus on November 2020 when the second 

lockdown was imposed. But we expect the automobile industry to suffer the most 

from March and onwards.  
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2.4 Methodology 

 

To test the hypothesis proposed, this paper will implement the vector autoregressive 

(VAR) model to investigate the relationship between the factors. The VAR model is a 

commonly-used statistical tool for analysing data's time-series trends and forecasting. 

The model includes the variable and the lag terms of variables. Each variable is 

assumed to be a linear function of its own lagged terms and the lags of other variables 

in the most fundamental VAR model, which is what this paper will use (Prabhakaran, 

2019). Many academic papers used the VAR model to examine the dynamic structure 

of the economy. (Caldara and Kamps, 2008) The VAR model examined the 

connections between economic activity, including GDP, taxes, and government 

spending. It is also used in the research conducted by (Guo, et al., 2020) to evaluate 

the factors influencing the seaports in Shenzhen, China. 

 

There are also other kinds of VAR models, such as Bayesian Vector Autoregressive 

(BVAR), Cointegrated VAR (CVAR), Global VAR (GVAR), et cetera. There are 

some differences in the assumptions or parameter choices across these models, but the 

logicðwhich involves analysing both lags and variables ð is identical. This paper 

will only use the most basic type of VAR model as it is sufficient for examining the 

our problems, no detailed discussion of other kinds will be made here. 

 

The paper will construct two VAR models to examine the supply-side and demand-

side of the automotive industry respective. On the supply-side, the model contains 

production (PRD), employment (EMP), imported semiconductor chips (SEM) and 

imported raw materials (IRM), and the lag terms of the variables. The demand-side 

factors include sales of motor vehicles (SAL), employment (EMP), value added 

(VAD), wages and salaries (WAS), and fear of contagion (FOC).  

 

For the VAR model, each variable is a linear function of its lag terms and the lag 

terms of other variables, as illustrated below: 

 

ὖὙὈ ‏ ȟ ‏ ȟὖὙὈ ‍ ȟὍὙὓ

‌ ȟὉὓὖ ‎ ȟὛὉὓ ‘ ȟ 

Ὁὓὖ ‌ ȟ ‌ ȟὉὓὖ ‍ ȟὍὙὓ

‎ ȟὛὉὓ ‏ ȟὖὙὈ ‘ ȟ 

 

ὍὙὓ ‍ ȟ ‍ ȟὍὙὓ ‌ ȟὉὓὖ

‎ ȟὛὉὓ ‏ ȟὖὙὈ ‘ ȟ 
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ὛὉὓ ‎ ȟ ‎ ȟὛὉὓ ‍ ȟὍὙὓ

‌ ȟὉὓὖ ‏ ȟὖὙὈ ‘ ȟ 

 

where ‘ȟ are the error terms of the variables, and the lags (i, j, k, h) are determined 

later.  

 

Also, the demand-side variables with similar structure are shown below. 

Ὓὃὒ ὥ ȟ ὥ ȟὛὃὒ ὦ ȟὉὓὖ ὧ ȟὠὃὈ

Ὠ ȟὊὕὅ Ὡ ȟὡὃὛ ό ȟ 

Ὁὓὖ ὥ ȟ ὦ ȟὉὓὖ ὥ ȟὛὃὒ

ὧ ȟὠὃὈ Ὠ ȟὊὕὅ

Ὡ ȟὡὃὛ ό ȟ 

 

ὠὃὈ ὥ ȟ ὧ ȟὠὃὈ ὦ ȟὉὓὖ ὥ ȟὛὃὒ

Ὠ ȟὊὕὅ Ὡ ȟὡὃὛ ό ȟ 

 

Ὂὕὅ ὥ ȟ Ὠ ȟὊὕὅ ὧ ȟὠὃὈ

ὦ ȟὉὓὖ ὥ ȟὛὃὒ

Ὡ ȟὡὃὛ ό ȟ 

 

ὡὃὛ ὥ ȟ Ὡ ȟὡὃὛ Ὠ ȟὊὕὅ

ὧ ȟὠὃὈ ὦ ȟὉὓὖ ὥ ȟὛὃὒ

ό ȟ 

 

Following this method, this paper will  use Stata as the primary tool for the model 

analysis. Also, Excel will be used to visualize the trend of the statistics. The 

procedure for VAR model analysis is as follows. Firstly, the summary statistics about 

each variable will be presented. This includes the means, standard deviations, and the 

trends of each variable. Then, preliminary analysis like the stationarity test on the 

time-series data will be performed to check the distribution of the variables. This step 
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will be carried out in the whole panel and in every targeted country. This paper will 

use the ImïPesaranïShin (IPS) unit root test for the panel data. Common stationarity 

tests for panel data include ImïPesaranïShin (2003), LevinïLinïChu (2002), and 

Fisher-type (Choi 2001), which are all incorporated in Stata. Hlouskova and Wagner 

(2005) compared the results of different types of unit root tests for panel data. The 

results showed that the period T matters for the performances and the validity of the 

test results. Nevertheless, for T > 50, the unit root tests would generate similar and 

credible results. This paper's quarterly data ranges from 2007 to 2021, with a total of 

60 periods. Therefore, the choice of the unit root test does not make significant 

difference to the conclusion, according to the paper. We will be using the IPS test for 

convenience, as this is my most frequently used method. The null hypothesis for the 

IPS test is that unit root exists in the panel data. Thus, the stationarity test fails if we 

accept the null, and we need to solve the problem before proceeding to the primary 

test. 

 

For the stationarity test in an individual country, the Dickey-Fuller test is a commonly 

used stationarity test for time-series models. The null hypothesis for Dicky-Fuller test 

is that the data is not stationary. However, the DF test is only suitable for the first-

order autoregressive model ï AR(1) model, with higher order autocorrelation, the 

assumption of white noise error will be violated, thus, affecting the validity of the 

outcome. Therefore, the Augmented Dickey-Filler (ADF) will be used in this paper. 

The updated form of the unit root test aims to provide accurate results for higher-order 

autocorrelation models. Similarly, the null hypothesis is that a unit root exists in the 

model. As a result, only when we reject the null hypothesis can we confirm the 

stationarity of the model. If the variables in the model are non-stationary, then this 

paper will take the first difference of the variable to see if the problem could be solved. 

In most cases, using first differences could successfully correct the non-stationarity 

problem. Besides, the VAR model we will be conducting requires the model to be 

stationary at first differences. So, we will try to see if the conditions can be satisfied.  

 

After correcting the stationarity problem, the VAR model and post analyses will be 

carried out. The VAR model is relatively simple. The outcomes from Stata will 

include the coefficients, standard deviations, R-squared statistics, F statistics, and p-

values of all the lag terms of the variables in the model. However, VAR outcomes 

alone may not be enough to support the findings. For the VAR model, the crucial part 

is the post analyses. Firstly, the stability test for the VAR model is used to verify the 

accuracy of the results. Then, the Granger causality test will be conducted to examine 

the causality relationships between variables. Afterwards, we will perform tests to get 

a graphical illustration of the impulse-response relationships between variables to 

identify the correlations. We will be discussing the details of the test in the following 

parts.  
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3.1 Description of Results 

 

Table 1 summarizes each variable's summary statistics from both the supply-side and 

demand-side analysis. For the variables, the number of observations of 420 is 

sufficient and balanced except for the production (PRD). This is due to Estonia's lack 

of available production data in 2021. However, The analysis will be on the country 

level, so we only need to pay attention to the performance of vehicle production in 

Estonia. Moreover, the lack of data will not affect the results in other countries.  

 

Also, the results show that most variables have substantial standard deviations 

compared to their mean values, such as sales (SAL). Since the economy sizes of the 

targeted countries vary, large deviations in motor vehicle sales between countries can 

be pretty standard. Besides, the analysis will be conducted individually, and 

disparities between countries will not significantly impact the results. However, the 

two indicators, VAD and SAL, which illustrate the manufacturing industry conditions 

in the countries, have relatively more minor fluctuations. This could be seen as a piece 

of evidence that the economic structure, especially for the manufacturing industry, is 

quite similar across CEE countries. Another variable that needs to be mentioned the 

fear of contagion (FOC), which has a minimum value of 0, and its standard deviations 

are quite large. Due to the peculiarities of this data, it only has significant value after 

the outbreak of the pandemic, which is the first quarter of the year 2020. For the rest 

of the time, the value mainly fluctuates between 0 to 1. 

 

Table 1 

Summary Statistics 

Variable Obs Mean S.D. Min  Max 

EMP 420 78.07 38.50 16.20 124.50 

VAD 420 17.38 3.55 10.00 29.70 

SAL 420 172.80 102.36 1.00 338.00 

PRD 416 97.51 34.72 33.80 275.00 

WAS 420 33.74 4.20 22.70 51.30 

FOC 420 30.18 69.30 0.00 371.00 

IRM  420 34.88 30.88 1.73 104.63 

SEM 420 45.38 58.87 0.29 278.10 

 Source: Author generated; Stata results. 

 

Next, a few graphs will be presented to show the time-series characteristics of the 

variables. Figure 9 is the combined graph of each country's time-series trend for each 

variable. The main interest in visualizing the trend across the periods is to check the 

trend of each variable roughly. For employment (EMP), value added (VAD), and 

semiconductor chips (SEM), the three variables did not exhibit any obvious upward or 

downward sloping trend in the ten countries. The graph representing sales (SAL) is 

quite messy. It is hard to tell the trend from the graph. There are great ups and downs 
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in the sales for certain countries, which are caused by missing values in some periods. 

For the rest of the variables, the graphs show ambiguous results, making it hard to 

distinguish the movements at first sight. The value of imported raw materials in 

Bulgaria, Estonia, and Lithuania are stable in the past fifteen years, but it exhibits an 

upward-sloping trend in the other four countries. Nevertheless, specific numerical 

analysis is needed to determine the stationarity of the variables. We perform the IPS 

stationarity test on the panel data, and the results show all the variables are stationary. 

However, the focus of this paper will be on individual countries, so we will present 

only the ADF stationarity test results in each country before proceeding with the VAR 

analysis in this paper.  

 

Figure 9 

Time-series Trend 

 

Source: Author generated; Stata results. 

 

After a rough look at the overall sample data, we find that most of the variables in the 

sample have dispersed values across countries, shown in their large standard 

deviations. For the fear of contagion (FOC) particularly, this figure fluctuates around 

0 most of the time because the COVID-19 pandemic started only after 2020, which is 

period 52 on the plot. But this indicator has risen sharply since the start of the 

pandemic, indicating the severe impact of the outbreak on people. Besides, the time-
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series plots for the panel data are unclear, no certain conclusion can be drawn at first 

sight.  

 

Vector Autoregression (VAR) Model  

 

As mentioned in the methodology, this paper is going to implement the basic VAR 

model, which relies on the stationarity of each variable. we will conduct the 

Augmented Dickey-Fuller (ADF) stationarity test on each variable in each country, 

then correcting the non-stationary problem of variable by using their first-order 

difference. Subsequently, the Augmented Dickey-Fuller test will be repeated on the 

new variables in the first-difference form to assure that the non-stationarity problem is 

solved. Below is a summary of the results of the stationarity test for the variables in 

Bulgaria.  

 

Table 2 

Augmented Dickey-Fuller  Test 

Bulgaria 

Variable t-statistics p-value First Difference t-statistics(diff) p-value(diff) 

EMP -3.75  0.00***  dEMP -9.24 0.00***  

VAD -6.48  0.00***  dVAD -8.28 0.00***  

SAL -5.41  0.00***  dSAL -16.16 0.00***  

PRD -1.75  0.41 dPRD -9.25  0.00***   

WAS -3.62  0.01***  dWAS -8.39 0.00***  

FOC -2.27  0.18 dFOC -7.80  0.00***   

IRM  -8.60  0.00***  dIRM  -29.00 0.00***  

SEM -2.11  0.24 dSEM -6.41  0.00***   

Source: Author generated; Stata results.  

Note: *: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.  

 

Table 2 clarifies the t-statistics and the p-value for the ADF test results for the 

variables themselves and the first difference if needed. The null hypothesis for the 

ADF unit root test is that the panel contains a unit root. In other words, rejecting the 

null means that the variable is stationary. For Bulgaria, the five factors -- EMP, VAD, 

SAL, WAS, and IRM ï are stationary in their original forms. The p-values for the five 

variables are less than 0.01. Therefore, the null hypothesis is rejected at the 1% 

significance level, which confirms the variables' stationarity. The rest of the three 

variables are non-stationary according to the test, but the problem is solved by using 

the first differences.  

 

However, according to the model selection criterion, if all variables are stationary, 

VAR mode should be used; if a mixture of stationary and non-stationary variables 

exists, then the autoregressive distributed lag model (ARDL) should be used (Shrestha 

and Bhatta, 2018). In other words, the variables should all be in the consistent form, 
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either stationary at levels or first differences, and the VAR model could be 

implemented. Therefore, to ensure the model validity and to better interpret the 

analysis results, all the variables will be in the first-differencing form. The ód-ô prefix 

is added to all the variables to represent their first differences. Thus, for all the 

countries, the supply-side model will be including dPRD, dEMP, dIRM, and dSEM. 

As for the variables in the demand-side model, dSAL, dEMP, dVAD, dFOC, and 

dWAS are included. However, the VAR model, which analyses the autoregressive 

feature of and the relationships between variables, should also include the lag terms. 

We will specify the model later once optimal lags are determined. 

 

The stationarity tests for other countries are included in Appendix A. Similar to 

Bulgaria, all the rest of the countries have a mixed combination of forms of variables. 

However, the non-stationarity problem could be solved by taking the first differences 

in the rest of the countries. Thus, we will use the first differences to represent the 

growth or changes of the variables in the analysis.  

 

Having solved the stationarity problem for all the variables in all targeted countries, it 

is necessary to choose the optimal lags for each factor in every case. Stata 

incorporated the lag-order selection command varsoc , which reveals three kinds of 

statistics on the lag terms. The three statistics are generated based on Akaikeôs 

information criterion (AIC), Schwarzôs Bayesian information criterion (SBIC), and 

the Hannan and Quinn information criterion (HQ). They all aim to test the goodness 

of fit of the model to the sample data. However, the statistics differ in the way they 

are calculated and the degree of relaxation of the measurement. More details will be 

provided below. 

 

Akaikeôs information criterion (AIC) is probably the most widely used criterion for 

model selection as it is said to provide an essentially unbiased estimator for the fitted 

model. Yet, for the VAR model, the AIC statistics can be overly corrected 

(Mainassara and Kokonendji, 2016). The Schwarzôs Bayesian information criterion 

(SBIC), also known as BIC in most papers, differs from the AIC in their penalty terms. 

The two statistics could be substantially different from each other when the number of 

observations is large (Burhan and Anderson, 2004). Hannan and Quinn information 

criterion (HQIC) tries to correct the over-estimation results from AIC by imposing 

more penalties for more complicated models (Burhan and Anderson, 2004). Although 

the three approaches lead to different conclusions, there is no best solution. The 

choice of the criteria depends on the model characteristics and the goals of the model. 

This paper will choose the optimal lags according to SBIC for two main reasons. 

Firstly, as mentioned, the AIC criterion can be overfitting in the VAR model, which 

causes the results usually suggest too many optimal lags. Secondly, in most cases, the 

BIC and HQIC criteria generate the same results for the optimal number of lags. 

However, the condition for SBIC is more relaxed, so fewer degrees of freedom will be 

sacrificed under the SBIC criterion.  
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Table 3 summarizes the optimal lags for the three variables under the three criteria in 

Bulgaria. The results for other countries can be found in Appendix B.  

 

Table 3 

 VAR Optimal Lag Selection Criteria 

Bulgaria: Supply-side 

Lag AIC  HQIC  SBIC 

0 26.01  26.06  26.16  

1 24.49  24.78  25.25  

2 23.50  24.02  24.86  

3 21.78  22.53  23.75*   

4 21.72  22.71  24.30  

5 22.00  23.22  25.18  

6 21.72  23.17  25.51  

7 21.10  22.78  25.49  

8 20.47*   22.38*   25.47  

 

Bulgaria: Demand-side 

Lag AIC  HQIC  SBIC 

0 34.14  34.21  34.33  

1 31.35  31.79  32.49*   

2 30.54  31.34  32.63  

3 30.18  31.33  33.21  

4 29.99  31.51  33.97  

5 29.95  31.84  34.88  

6 29.76  32.01  35.63  

7 28.89  31.50  35.71  

8 26.63*   29.60*  34.40  

Source: Author generated; Stata results.  

Note: * represent the optimal number of lags indicated under each criterion.  

 

The two forms demonstrate the statistics in each criterion with 1 to 8 lags in the 

supply-side model and demand-side model, respectively. For the supply-side model in 

Bulgaria, the AIC and HQIC criteria suggest eight lags, while SBIC infers the optimal 

number of lags of three. For the demand-side model, the AIC and HQIC criteria 

propose eight lags, while the SBIC criteria suggest one lag.  

 

Table 4 summarizes the optimal lags for the supply-side and demand-side models in 

each country separately.  
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Table 4:Optimal Lags for Models 

OPTIMAL LAGS BASED O N SBIC CRITERION  

 BU CZ EE HU LT PL RO 

SUPPLY-SIDE 3 1 1 1 1 1 3 

DEMAND -SIDE 1 1 1 3 1 3 1 

Source: Author generated; Stata results.  

 

Therefore, the supply-side model for each country will look like this, where i 

represent the optimal lags according to the SBIC criterion. For example, i will be 

equal to 3 in Bulgaria and Romania, and i equals to 1 for the rest of the countries.  

 

ὨὖὙὈ ‏ ȟ ‏ ȟὨὖὙὈ ‍ ȟὨὍὙὓ

‌ ȟὨὉὓὖ ‎ ȟὨὛὉὓ ‘ ȟ 

ὨὉὓὖ‌ ȟ ‌ ȟὨὉὓὖ ‍ ȟὨὍὙὓ

‎ ȟὨὛὉὓ ‏ ȟὨὖὙὈ ‘ ȟ 

ὨὍὙὓ ‍ ȟ ‍ ȟὨὍὙὓ ‌ ȟὨὉὓὖ

‎ ȟὨὛὉὓ ‏ ȟὨὖὙὈ ‘ ȟ 

ὨὛὉὓ‎ ȟ ‎ ȟὨὛὉὓ ‍ ȟὨὍὙὓ

‌ ȟὨὉὓὖ ‏ ȟὨὖὙὈ ‘ ȟ 

 

Similarly, the demand-side equations for the countries are listed below. The j 

represents the desirable number of lags for the variables on the demand-side in each 

country. In Hungary and Poland, the number of lags included in the VAR model 

should be 3. For the rest of the countries, it should be 1.  

 

ὨὛὃὒὥ ȟ ὥ ȟὨὛὃὒ ὦ ȟὨὉὓὖ

ὧ ȟὨὠὃὈ Ὠ ȟὨὊὕὅ

Ὡ ȟὨὡὃὛ ό ȟ 
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ὨὉὓὖ ὥ ȟ ὦ ȟὨὉὓὖ ὥ ȟὨὛὃὒ

ὧ ȟὨὠὃὈ Ὠ ȟὨὊὕὅ

Ὡ ȟὨὡὃὛ ό ȟ 

 

ὨὠὃὈ ὥ ȟ ὧ ȟὨὠὃὈ ὦ ȟὨὉὓὖ

ὥ ȟὨὛὃὒ Ὠ ȟὨὊὕὅ

Ὡ ȟὨὡὃὛ ό ȟ 

 

ὨὊὕὅὥ ȟ Ὠ ȟὨὊὕὅ ὧ ȟὨὠὃὈ

ὦ ȟὨὉὓὖ ὥ ȟὨὛὃὒ

Ὡ ȟὨὡὃὛ ό ȟ 

 

ὨὡὃὛ ὥ ȟ Ὡ ȟὨὡὃὛ Ὠ ȟὨὊὕὅ

ὧ ȟὨὠὃὈ ὦ ȟὨὉὓὖ

ὥ ȟὨὛὃὒ ό ȟ 

 

Once we have confirmed the model and solved the stationarity problem for each 

variable, it is time to proceed to the central part of the VAR analysis. The command 

for VAR analysis in Stata includes three parts ï the var specification, the variables in 

the model, and constraints. For instance, the supply-side analysis in Bulgaria includes 

dPRD, dEMP, dSEM, dIRM, and four lags of each variable. We also add the 

constraints dfk small  to make minor sample corrections. Table 5 is an example of 

the VAR model results for the supply-side model in Bulgaria.   

 

Table 5: VAR ï Supply-side 

EQUATION  PARMS RMSE R-SQ F P > F 

      

DPRD 13 15.18  0.34  1.83  0.07  

DEMP 13 0.41  0.70  8.46  0.00  

DSEM 13 31.19  0.14  0.58  0.85  

DIRM  13 1.32  0.94  56.68  0.00  
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  COEFFICIENT  S.D. T P>T 

      

DPRD      

 dPRD     

 L1. -0.46***   0.15  -2.99  0.01  

 L2. -0.58***   0.14  -4.03  0.00  

 L3. -0.30*  0.16  -1.85  0.07  

      

 dEMP     

 L1. 2.15  5.41  0.40  0.69  

 L2. 1.79  4.92  0.36  0.72  

 L3. -2.23  4.20  -0.53  0.60  

      

 dSEM     

 L1. -0.03  0.07  -0.38  0.71  

 L2. -0.06  0.08  -0.74  0.47  

 L3. -0.06  0.07  -0.88  0.39  

      

 dIRM     

 L1. -0.40  1.15  -0.35  0.73  

 L2. -1.33  1.87  -0.71  0.48  

 L3. -0.71  1.48  -0.48  0.64  

      

 _cons 2.89  2.22  1.30  0.20  

      

DEMP      

 dPRD     

 L1. 0.01  0.00  1.49  0.14  

 L2. 0.01**   0.00  2.32  0.03  

 L3. 0.00  0.00  0.50  0.62  

      

 dEMP     

 L1. -0.62***   0.14  -4.30  0.00  

 L2. -0.44***  0.13  -3.32  0.00  

 L3. -0.33***  0.11  -2.97  0.01  

      

 dSEM     

 L1. 0.00  0.00  1.36  0.18  

 L2. 0.00  0.00  -0.09  0.93  

 L3. 0.00*   0.00  -1.95  0.06  

      

 dIRM     

 L1. 0.12***  0.03  3.87  0.00  
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 L2. 0.07  0.05  1.37  0.18  

 L3. -0.05  0.04  -1.32  0.20  

      

 _cons -0.14**   0.06  -2.41  0.02  

      

DSEM      

 dPRD     

 L1. -0.11  0.32  -0.34  0.74  

 L2. 0.17  0.30  0.58  0.56  

 L3. -0.10  0.34  -0.31  0.76  

      

 dEMP     

 L1. -12.17  11.11  -1.10  0.28  

 L2. -6.41  10.10  -0.63  0.53  

 L3. 0.76  8.62  0.09  0.93  

      

 dSEM     

 L1. 0.18  0.15  1.19  0.24  

 L2. 0.06  0.15  0.42  0.68  

 L3. -0.24  0.15  -1.65  0.11  

      

 dIRM     

 L1. 1.51  2.37  0.64  0.53  

 L2. 3.54  3.85  0.92  0.36  

 L3. 1.55  3.04  0.51  0.61  

      

 _cons -0.77  4.57  -0.17  0.87  

      

DIRM       

 dPRD     

 L1. 0.02  0.01  1.60  0.12  

 L2. 0.03  0.01  2.06  0.05  

 L3. 0.05***   0.01  3.40  0.00  

      

 dEMP     

 L1. -0.06  0.47  -0.13  0.90  

 L2. 0.10  0.43  0.22  0.82  

 L3. 1.03***   0.37  2.83  0.01  

      

 dSEM     

 L1. 0.00  0.01  -0.21  0.83  

 L2. 0.00  0.01  -0.11  0.91  

 L3. 0.00  0.01  0.48  0.64  
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 dIRM     

 L1. -0.73***   0.10  -7.31  0.00  

 L2. -0.52***   0.16  -3.17  0.00  

 L3. -0.77***   0.13  -5.99  0.00  

      

 _cons 0.15  0.19  0.76  0.45  

Source: Author generated; Stata results.  

Note: *: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.  

 

The first part of table 5 states the overall performance of each variable. The factor is 

insignificant for the growth of semiconductor chips (dSEM) in Bulgaria, with a high 

p-value of 0.84. The predicted errors of the production growth (dPRD) and 

semiconductor chips growth (dSEM) shown by RMSE are also comparably large. The 

change of employment (dEMP) and imported raw material changes (dIRM) are 

significant at the 1% significant level. However, for VAR analysis, the lag terms 

reveal more information.   

 

For the growth of motor vehicle production in Bulgaria, it is negatively correlated 

with its own lags at the 10% significance level. This is to say, the past values of the 

production growth will lead to a decrease in the vehicle manufacturing rate. A similar 

trend can be found in the growth of manufacturing employment and the change in 

imported raw materials. We can see these indicators' past values also significantly 

negatively influence their current values.  

 

We can also see from table 5 that some lag terms would cause effects on the current 

values of variables. For instance, the first two lags of dPRD and dEMP do not have 

significant impacts on the growth of imported raw materials, but their third lag term 

imposes critical influence on the current dIRM value.   

 

The information that we can deduct from the VAR model directly is limited. We will 

run some post analyses to investigate the explanatory relationships between variables 

later. However, it is necessary to check the error terms for the supply-side VAR 

model.  

 

Table 6 is the covariance matrix of errors which specifies the correlation in errors. We 

can see that for dPRD and dSEM, these two variables' errors are strongly correlated. 

This indicates that the model might be flawed, that it does not explain the sample data 

too well.  
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Table 6: Covariance Matrix  of errors 

 

 DPRD DEMP DSEM DIRM  

     

DPRD 230.47                

DEMP 2.18  0.17               

DSEM -44.08  -0.90  972.98              

DIRM  6.70  0.30  -0.14  1.75  

Source: Author generated; Stata results. 

 

For the demand-side analysis on the automobile industry in Bulgaria, we will perform 

the VAR analysis the same as the supply-side model. The results are shown in table 7 

and table 8.  

 

Table 7: VAR ï Demand-side 

EQUATION  PARMS RMSE R-SQ F P > F 

      

DSAL 6.00  84.93  0.47  9.39  0.00  

DEMP 6.00  0.52  0.46  8.95  0.00  

DWAS 6.00  2.00  0.75  31.95  0.00  

DFOC 6.00  50.62  0.04  0.39  0.85  

DVAD 6.00  1.43  0.52  11.29  0.00  

 

  COEFFICIENT  S.D. T P>T 

      

DSAL      

 dSAL     

 L1. -0.69***   0.10  -6.69  0.00  

      

 dEMP     

 L1. -12.35  21.27  -0.58  0.56  

      

 dWAS     

 L1. -3.89  3.35  -1.16  0.25  

      

 dFOC     

 L1. -0.33  0.24  -1.40  0.17  

      

 dVAD     

 L1. 3.21  6.89  0.47  0.64  

      

 _cons -3.02  11.26  -0.27  0.79  
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DEMP      

 dSAL     

 L1. 0.00  0.00  -0.18  0.86  

      

 dEMP     

 L1. -0.15  0.13  -1.12  0.27  

      

 dWAS     

 L1. -0.08***   0.02  -4.16  0.00  

      

 dFOC     

 L1. 0.00  0.00  0.22  0.83  

      

 dVAD     

 L1. -0.14***   0.04  -3.30  0.00  

      

 _cons -0.03  0.07  -0.50  0.62  

      

DWAS      

 dSAL     

 L1. 0.00  0.00  1.27  0.21  

      

 dEMP     

 L1. 2.83***   0.50  5.66  0.00  

      

 dWAS     

 L1. -0.20***   0.08  -2.57  0.01  

      

 dFOC     

 L1. 0.00  0.01  0.58  0.56  

      

 dVAD     

 L1. -1.01***   0.16  -6.23  0.00  

      

 _cons 0.31  0.26  1.16  0.25  

      

DFOC      

 dSAL     

 L1. 0.06  0.06  0.90  0.37  

      

 dEMP     

 L1. 4.35  12.68  0.34  0.73  
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 dWAS     

 L1. 0.99  2.00  0.49  0.62  

      

 dFOC     

 L1. -0.04  0.14  -0.26  0.79  

      

 dVAD     

 L1. -2.03  4.11  -0.49  0.62  

      

 _cons 3.45  6.71  0.51  0.61  

      

DVAD      

 dSAL     

 L1. 0.00  0.00  -0.55  0.58  

      

 dEMP     

 L1. -0.12  0.36  -0.33  0.75  

      

 dWAS     

 L1. 0.37***   0.06  6.59  0.00  

      

 dFOC     

 L1. 0.00  0.00  0.14  0.89  

      

 dVAD     

 L1. -0.22*   0.12  -1.94  0.06  

      

 _cons -0.10  0.19  -0.55  0.59  

Source: Author generated; Stata results.  

Note: *: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.  

 

Table 8: Covariance Matrix of errors 

 

 DSAL DEMP DWAS DFOC DVAD  

      

DSAL 7212.56                 

DEMP -13.92  0.27                

DWAS -3.01  0.17  3.99               

DFOC -216.93  -1.61  10.53  2561.93              

DVAD 8.17  -0.19  0.67  3.06  2.05  

Source: Author generated; Stata results.  
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From table 7, we can find that the overall growth of sales, employment, wages, and 

salaries, value added are statistically significant at 1%. Yet, the first difference of fear 

of contagion is highly statistically insignificant. For the growth of motor vehicle sales 

in Bulgaria, its first past value imposes a significantly negative impact on its current 

value. But the lag terms of other variables do not seem to have much information 

about the sales growth. For employment in the automobile industry, when the wages 

and salaries grow in the previous periods, the currently employed number of people 

would decline. Similarly, the growth in value added, which indicates the development 

of the automobile industry, negatively influences employment growth. On the other 

hand, past developments in employment, wages and salaries, and value added also 

related to wages and salaries in the automobile industry in Bulgaria.  

 

For fear of contagion, however, none of the variables showed significant influences 

on its current value. Firstly, the insignificant relationships could come from the 

relatively short period of the pandemic to the whole time range. Secondly, peopleôs 

attitudes toward the COVID-19 pandemic are unknown before 2021, so the level of 

dFOC fluctuates around 0 within most of periods. It is reasonable that we cannot find 

variables that can explain or forecast fear of contagion from the analysis.   

 

The error covariance matrix in table 8 shows that the error terms of the growth of 

motor vehicle sales and the difference in fear of contagion in Bulgaria are highly 

correlated with themselves.  And the negative error correlation between dFOC and 

dSAL is high in scale.  

 

In short, table 5 to table 8 show a basic procedure of the VAR analysis on the motor 

vehicle supply and demand individually, using Bulgaria as an example. The rest of the 

results will be put in Appendix C, and interpretations of the results for the individual 

country will not be made here. This is because the VAR results could not reveal too 

many details, which could help us identify the research questions. The causality 

relations and the forecasting relationships between variables that this paper are 

interested in will be presented in detail through the post-analysis. Besides, if we look 

at the cross-country differences in motor vehicle production and sales separately from 

the VAR model results, we will see that almost all the countries have similar 

insignificant situations as Bulgaria. Except that the critical variables that impact the 

production and sales of cars in each country are different.  

 

By comparing the supply-side and demand-side results across countries, we find that 

the automobile industry has different situations across countries. Therefore, it is very 

hard to generate an overall conclusion. However, the growth rate of imported 

semiconductor chips does not seem to be a significant indicator for the motor vehicle 

production process in most of the targeted countries. This is probably because the 

imported semiconductor chips, which are a part of the imported raw materials, could 

not explain the production growth well by itself. The shortage of raw materials during 

the pandemic has a more significant influence on automobile production. 
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On the other hand, the past values of the targeted variables do not have many strong 

impacts on the current values. This can be deducted from the small and insignificant 

coefficients of the lag terms in the results. Especially in the motor vehicle production 

process, we do not find that the past values of production growth, employment growth, 

and raw materials growth strongly influence the production process in all countries. 

The situation differs a lot at the country level. Also, by comparing the covariance 

matrices of errors for the production-related variables in the seven countries, we can 

see that the errors of production growth and semiconductor chip growth are highly 

correlated with themselves.  

 

For the demand-side analysis, dFOC which stands for the change of fear of contagion, 

is insignificant in the VAR model for all the countries. As mentioned before, the fear 

of contagion data has some flaws, as the COVID-19 pandemic hit the world not very 

long since the time of writing. Therefore, in the statistical model, its insignificance to 

the overall automobile demand is acceptable and reasonable. Yet, the past values of 

fear of contagion growth have some critical influence on current motor vehicle sales 

in countries such as the Czech Republic and Estonia. If we compare the covariance 

matrices of errors in all countries, we will see that the error of vehicle sales growth 

and fear of contagion growth have strong positive self-correlation. And the 

correlations in the error terms of the two variables are strongly negative in all of the 

targeted countries.  

 

After the VAR analysis, we find that in the supply-side model, the lag terms do not 

seem to have many crucial causality effects on the variables. And this is true for all of 

the targeted countries. On the demand-side model, we also find that other factors 

across countries do not strongly influence the sales growth rate of motor vehicles. 

However, we will investigate the causality effect between the variables more 

accurately by conducting the Granger causality test.  

 

The Granger causality test is mainly used to see if one time-series variable is useful in 

predicting the future value of other variables (Wang, 2016). When one variable is 

Granger causes other variables, we will find similar patterns of the distribution of the 

variables after some lags (Li, 2020). The null hypothesis for the Granger test is that 

there is no Granger-causality relation between the variables. So, the forecasting 

relationship can only be proved by rejecting the null hypothesis.  

 

Table 9 summarizes the Granger-causality test results on the supply-side, and table 10 

illustrates the demand-side outcomes. The table only includes the variables that show 

a significant Granger causality relationship with another. More specifically, the table 

shows that the variables in the óExcludedô column are Granger causing the variables 

in the óEquationô column at 1% (***), 5%(**), or 10%(*) significance level. 
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As the equations in each country are different, it is very hard to generate an overall 

conclusion for the Granger causality relationship in the motor vehicle supply and 

demand. We can only see that in all countries, no variables are Granger causing the 

values of imported semiconductor chip growth. And as for our main interest, we 

would like to see if there is any component that could help explain the motor vehicle 

production process. The results show that in Czechia, Poland, and Estonia, the 

imported raw material growth is Granger causing the production growth. And in 

Hungary, semiconductor chips growth has the Granger causality effect on production 

growth. As for other countries, we do not find any significant indicators that could 

explain the production growth very well. On the contrary, the production growth does 

seem to have a Granger causality effect on the rest of the variables in some countries.  

 

Table 9: Granger Causality Test ï Supply-side 

Bulgaria Lithuania 

Equation  Excluded Significance Equation  Excluded Significance 

dEMP dIRM ***  dEMP dPRD ***  

dEMP All  ***  dEMP dIRM **  

dIRM dPRD ***  dEMP All  ***  

dIRM dEMP ***  dIRM dPRD *  

dIRM All  ***     

   Poland 

Czechia Equation Excluded Significance 

Equation  Excluded Significance dPRD dIRM *  

dPRD dIRM **  dIRM dPRD ***  

dEMP dSEM **  dIRM All  **  

      

Estonia Romania 

Equation  Excluded Significance Equation  Excluded Significance 

dPRD dIRM *  dEMP dPRD *  

dIRM dPRD ***  dEMP dIRM ***  

dIRM dSEM *  dEMP All  **  

dIRM All  ***  dIRM dPRD ***  

   dIRM All  **  

Hungary    

Equation  Excluded Significance   

dPRD dSEM *     

dEMP dIRM ***     

dIRM4 All  **     

dIRM dPRD *     

Source: Author generated; Stata results.  

Note: *: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.  
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Table 10: Granger Causality Test ï Demand-side 

Bulgaria Czechia 

Equation Excluded Significance Equation Excluded Significance 

dEMP dIRM2 ***  dSAL dFOC ***  

dEMP dVAD ***  dSAL All  ***  

dEMP All  ***  dWAS dVAD ***  

dWAS dEMP ***  dWAS All  ***  

dWAS dVAD ***  dVAD dWAS ***  

dWAS All  ***  dVAD dFOC **  

dVAD dWAS ***  dVAD All  ***  

dVAD All  ***     

   Hungary 

Estonia Equation Excluded Significance 

Equation Excluded Significance dEMP dFOC *  

dSAL dEMP *  dEMP dVAD **  

dSAL dWAS **  dEMP All  ***  

dSAL dFOC ***  dWAS dEMP ***  

dSAL All  ***  dWAS dFOC ***  

dEMP dVAD **  dWAS dVAD ***  

dWAS dVAD ***  dWAS All  ***  

dWAS All  **  dVAD dWAS ***  

dVAD dEMP *  dVAD dFOC ***  

dVAD dWAS ***  dVAD All  ***  

dVAD dFOC **     

dVAD All  ***  Poland 

   Equation Excluded Significance 

Lithuania dWAS dEMP ***  

Equation Excluded Significance dWAS dFOC **  

dEMP dWAS **  dWAS dVAD ***  

dWAS dVAD ***  dWAS All  ***  

dWAS All  **  dVAD dWAS ***  

dVAD dWAS ***  dVAD dFOC **  

dVAD All  ***  dVAD All  *  

      

Romania    

Equation Excluded Significance   

dEMP dFOC ***     

dEMP All  ***     

dWAS dVAD ***     

dWAS All  ***     

dVAD dEMP ***     
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dVAD dWAS ***     

dVAD dFOC **     

dVAD All  ***     

Source: Author generated; Stata results.  

Note: *: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.  

 

The Granger causality test on the demand-side of the automobile industry shows 

stronger relationships between variables. First of all, in all of the countries, the change 

in employment, sales, value added ,and wages and salaries the four variables are 

Granger caused by one or more factors at the 10% significance level, indicating 

forecasting relationships between these determinants. Yet, only in the Czech Republic 

and Estonia can we find variables that Granger causing the sales growth. In the rest of 

the countries, no evidence is shown. Additionally, it is surprising that the value added 

growth, wages and salaries growth and employment growth have Granger causality 

effect pairwise.   

 

Another post analysis that needs to be done is the stationarity test. Although all the 

variables were converted into stationary forms before running the VAR model, it is 

still necessary to test the overall model stability as it affects the validity of the model 

results. To do so, we will use the varstable  command incorporated in Stata. The 

procedure evaluates the eigenvalue stability conditions to see if the VAR satisfies the 

stationary condition. The results for the test results will be put in Appendix D. We can 

see that there are all of the models have passed the stationarity test. This is to say that 

the VAR results generated are valid. If the var model did not pass the stationarity test, 

then the results might not be trustworthy.  

 

For the VAR models, one thing that needs to be focused on is the impulse response 

function of the variables. It explains how the variable of interest changes over a 

specific time period following a shock (Peterson, 2020). In Stata, the irf  function 

visualizes the change of one variable when experiencing the shocks on itself or other 

endogenous variables. The graphs also illustrate a 95% confidence interval of the 

movement of variables, which allows us to determine its significance.  

 

In this paper, we mainly would like to see how the growth of employment, imported 

semiconductor chips, and imported raw materials affect the production growth of 

motor vehicles. Also, how changes in employment, wages and salaries, value added , 

fear of contagion affect consumersô demand for automobiles. Therefore, in all the 

targeted countries, we will be using production growth (dPRD) and sales growth 

(dSAL) as the response variables and to see how they would change to the shocks in 

the rest of the variables. Figure 10 to figure 16 demonstrate the pair-wise relationships 

between the indicators in all countries. The blue lines in the graphs show the 

conditional forecasting relationship between variables in the countries, and the 

shadows indicate the 95% confidence intervals. The headings in the small graphs 
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within each figure exhibit the country name, impulse variable, and response variable 

in order.  

 

Figure 10 to figure 12 describe the impulse-response relationships between the 

supply-side factors in all countries. For employment and motor vehicle production, 

we do not see any strong correlation between the factors in the countries. The one 

standard deviation shock of employment growth does not have any effect on the 

motor vehicle production growth in Estonia, Hungary, and Poland during the periods. 

There are some small fluctuations in the rest of the countries, but the effects are small. 

In Bulgaria, Lithuania, and the Czech Republic, employment growth would lead to 

production growth in the first forecasting period. Nevertheless, the positive influence 

either reverses or fades away in the following periods. Especially in Lithuania, the 

impact constantly changes, indicating the sensitivity of the production to employment.  

 

The relationship between imported raw materials and production shown in Figure 11 

is not evident in most countries. The impulse response function around zero shows no 

fluctuations or trends, so the imported raw materials may not be a good indicator for 

the production growth in automobile manufacturing. Except for Estonia and Poland, 

there are some levels of fluctuations around zero level. In the two countries, the 

production of the automobile will speed up in the first period when experiencing 

positive shocks from imported raw materials growth, but the influences reverse every 

period. And in Estonia, the effect is diminishing over the longer period. In Poland, the 

fluctuations are strong and constant in the eight periods.  

 

The growth of imported semiconductor chips has smaller effects on production 

growth in the automobile industries in all countries, as shown in Figure 12. The 

impulse response trend in the Czech Republic, Hungary, and Poland are similar. 

There are small changing effects in the first four periods, but the impacts fade away to 

zero after period 12. 

 

Overall, the impulse response distributions of the variables on the supply-side of the 

automobile industry do not suggest any significant forecasting effects of the 

components on the production growth.  
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Figure 10                                                        Figure 11 

  

 

Figure 12 

 

Source: Author generated; Stata results.  

 

 

Figure 13 to figure 16 shows the impulse response relation between the variables on 

the demand side of the motor vehicle industry. From figure 13 we can see that 

employment has a slightly more significant forecasting on motor vehicle sales 

compared to its effect on production shown in figure 10. We can see that for Bulgaria, 

Estonia, Lithuania, and Romania, a one standard deviation increase in the growth of 

manufacturing employment will cause declines in vehicle sales growth in the first 

period. And the declines bounce back soon in period 2. In the Czech Republic, Poland 

and Romania, employment does not seem to contain much information about the 

future growth of vehicle sales. 

 

Fear of contagion is the variable with top interest in this article. We assume that fear 

of contagion would influence the demand for motor vehicles in two aspects. Firstly, 

the government restrictions or peopleôs worries about getting infected would reduce 
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the frequency of using cars as they would go out less than before. On the other hand, 

using public transport would increase the likelihood of getting infected so that 

consumers may purchase and use private vehicles instead. From the impulse response 

graphs illustrated in Figure 14 we can see that fear of contagion has some weak 

forecasting effect on the sales of motor vehicles within a short period in Bulgaria, 

Lithuania, and Poland. The speed of motor vehicle sales will decrease after a shock of 

the fear of contagion growth in the first period. And the situation turns another way 

around in the following period. After four periods, the effect dies out. Yet, the rest of 

the countries show different results. In Czechia, Hungary, and Poland, the influences 

from fear of contagion last longer, and the fluctuations are larger. 

 

Figure 13             Figure 14 

  

Source: Author generated; Stata results. 

 

Figure 15 illustrates the effect of one standard deviation change in the growth of value 

added,  to the motor vehicle sales growth. In Bulgaria, Hungary, and Romania, value 

added growth indicates an increase in the speed of motor vehicle sales in the first 

period. The rest of the countries, on the contrary, exhibit opposite results. Although 

the fluctuations shown on the graph are not very obvious, from the scale of the 

impulse response visualizations, we can see value added seem to have a relatively 

significant influence on sales.   

 

The forecasting relationship between wages and salaries and sales changes is 

illustrated in Figure 16. In Bulgaria, Estonia, and Poland, some small variations are 

observed in the near future, which is from period zero to period 4. In the Czech 

Republic and Romania, the wage changes contain information that could explain the 

sales change only in the medium run. In Hungary, however, no fluctuations are shown 

on the graph until period four.   

 

The impulse response distributions of the factor on the demand-side to the growth of 

motor vehicle sales in the targeted countries seem to be long-lasting compared to the 

supply-side situations. However, we are unable to generate an overall conclusion to 
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summarize the situations in all the targeted CEE countries for both the supply-side 

and demand-side of the automobile industry. Situations across countries differ a lot.  

 

 

Figure 15                                                            Figure 16 

  

Source: Author generated; Stata results. 

 

The impulse-response models illustrate the situations of the automobile industry in 

each country when experiencing different types of shocks. Figure 6 shows that 

peopleôs attitudes toward the pandemic would influence the sales of motor vehicles. 

To get a more detailed view of the influences of the COVID-19 on the automobile 

industry, we will compare the evolution or the trends of each variable in each country 

over the past few years (from 2017 to 2021). The reason for choosing this subset 

period rather than the whole focused period is that we mainly would like to focus on 

the influences of the pandemic. Therefore, we wanted to get a clearer picture of the 

changes from 2020 to 2021. By including too many time periods, the graph may look 

very cluttered. Besides, if we analyse the trends from 2007 to 2021, we also need to 

pay a lot of attention to the 2008 global financial crisis and its influences on the 

following few years, which does not meet the purpose of this article. Thus, the five-

year period is good enough to achieve the goal.  

 

Figure 17 compares the evolution of the supply-side variables in each country. The 

critical point that we mentioned before, which is March 2020, when all of the targeted 

countries imposed lockdown policy at different levels, as shown on the graph, would 

be the first quarter of 2020. For all of the indicators on the supply-side, motor vehicle 

production, employment, imported raw materials, and imported semiconductor chips 

all experienced sharp declined in the second quarter of 2020 in all of the targeted 

countries. In other words, introducing the COVID-19 prevention measures strongly 

suppressed the development of automobile production in the targeted CEE countries. 

However, the automobile industry bounced back quickly in the second half of 2020. 

For Bulgaria, the Czech Republic, Poland, and Romania, all indicators returned to the 

same level at the end of 2020. In Estonia, the supply-side situation in the automobile 

industry turned out to be better than in the pre-COVID periods. We can observe an 
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obvious increasing trend after the fourth quarter of 2020 in all of the variables. The 

second critical point we focused on was November 2020, when the second lockdown 

started. However, other than Estonia, the rest of the countries did not seem to be 

affected a lot after the fourth quarter of 2020. In Estonia, the indices reached a peak in 

five years in 2020, the fourth quarter. However, soon it suffered from a tremendously 

hard hit, and the employment in the manufacturing industry, the imported raw 

materials, and imported semiconductor chips only reached half of the values in 

previous years from the start of 2021 and onwards. Nevertheless, one thing that need 

to be noticed is that the production in Estonia in 2021 is zero did not mean the 

automobile industry collapsed in 2021. The zero values were due to the unavailability 

of the production data this year.  

 

It is not hard to find that the evolution of employment, imported raw materials, and 

imported semiconductor chips resemble the trend in automobile production in each 

country in the five years. Remarkably, the trends of changes in the factors during the 

pandemic, especially the lockdown period, are identical. Therefore, by just looking at 

the graphs, we might say that the crisis in employment, imported raw materials, and 

imported semiconductor chips caused by the pandemic are highly possible to have 

some negative impact on the production of motor vehicles in the seven CEE countries.  
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Figure 17 

 
Source: Author generated 

 

 

Likewise, we also plot the evolutions of the variables on the demand-side of the car 

industry in each country in figure 18. The aim is also to contrast the trends in 
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employment, fear of contagion, value added, and wages and salaries to car sales 

development from 2017 to 2020.  

 

At first glance, we can tell that the movement of all the variables on the demand-side 

of the industry does not coincide with the supply-side factors shown in Figure 17. In 

all of the countries, two variables, car sales, and employment in the manufacturing 

industry, have similar development in the past few years. The other three factors, fear 

of contagion, value added, and wages and salaries have similar trends. 

 

We can see that in all of the countries, the five factors have similar shapes from the 

start of 2017 to the end of 2019. From the first quarter of 2020, they began to behave 

differently. Employment has similar shapes to the sales of automobiles in all of the 

countries. They all started to decline from the first quarter of 2020 and reached the 

bottom in the second quarter of 2020. And after that, they both recovered back to the 

previous level in the following period except for Lithuania and Poland. In Lithuania 

and Poland, the latest statistics for car sales were not released at the time of writing. 

Therefore, the car sales were illustrated as zero in 2021. We could deduct that the 

impact of the pandemic has similar influences on car sales and employment.  

 

For fear of contagion it reaches peak levels in all countries at different times. For 

Bulgaria, the Czech Republic, Estonia, and Romania, people worried about the 

COVID-19 contagion the most in the first half of 2020, when the COVID-19 death 

cases started to emerge and the first lockdown was imposed. In Hungary, Lithuania, 

and Poland, people showed a high level of fear of contagion at the beginning of 2020. 

However, their worries reached the maximum level for five years around the end of 

2020, about the same time as the second lockdown. Wages and salaries, value added 

also behaved similarly to the fear of contagion.  

 

When the COVID-19 started to spread in European countries and the governments 

started to announce national lockdowns, the indices of value added, wages and 

salaries, and fear of contagion started to increase gradually and reached a high level. 

The evolution during the pandemic period is contrary to the sales of motor vehicles. 

The increase in fear of contagion is reasonable. The increase in wages and salaries 

might be due to the government subsidies for essential workers and the relaxed tax 

policies levied by governments (Kuhteubl and Waidmann, 2020). It could also be led 

by the decrease in employment in the manufacturing industry. The increased value 

added in the manufacturing industry can be a bit confusing. Researchers suggest that 

the pandemic should lower the value added in the factory countries (Kordalska and 

Olczyk, 2022). One possible explanation for the increase is that the value added index 

is generated as a percentage of GDP. Hence, the GDP might decrease to a greater 

extent than the value added, which leads to an increase in the index. 

 

In summary, from Figure 18, we might say that there is a positive correlation between 

employment and motor vehicle sales in these countries, while the fear of contagion, 
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wages and salaries, and value added in the automobile industry has opposite effects on 

car sales.  

 

 

 

Figure 18 

 
Source: Author generated 

 

From the above analyses, we could see that the automobile industry in each country 

behaved differently after being hit by the pandemic. This is probably because each 

country has a different structure in the automobile industry, or countries may have 

different abilities to withstand shocks. By comparing the VAR model results in 

individual countries, we can find that the correlations between variables and their lag 

terms did not reveal many significant findings. We can see that in each country, a few 

variables are strongly influenced by the lag terms themselves or the lag terms of the 
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other variables. Yet, the critical elements that influenced the production and sales in 

each country differ a lot. From the post-analyses, we could also see that there are 

strong Granger causality relationships between variables. However, we could find the 

variables that crucially influence the production or sales of motor vehicles in one or 

two countries. Not all of countries exhibit significant causality relationships between 

other factors to production and sales. Then, the graphs from the impulse response 

functions also indicate the varying situations in countries. We might observe some 

clear and enduring relationships between the targeted elements on each side of the 

industry and the production and demand of automobiles in other nations, but no 

general conclusions can be made. 

 

In summary, the VAR model results do not show what we expected. We assume that, 

at least in some countries, one or two elements would show strong correlations to the 

production and the demand for automobiles. But the model results suggest only a few 

variables, and the lag terms have correlations or causality effects on the car 

production and car sales, respectively. However, the impulse response functions 

suggest some variations in the growth of production and growth of sales of 

automobiles from the shocks in the determinants.  

 

Figure 17 and figure 18 give a more direct view of the impact of the pandemic on the 

supply-side and demand-side determinants in the automotive industry. We find the 

supply-side factors evolve in a similar way both before and during the pandemic in all 

countries. But the demand-side factors show diversified distributions in recent years. 

In most countries, both the supply-side and the demand-side of the automobile 

industry returned back to the pre-crisis level. However, in Estonia, the supply-side 

factors have not fully recovered from the influences of the pandemic. Furthermore, in 

Lithuania and Poland, the number of people working in the automobile industry 

decreased a lot after the first lockdown in March 2020. 

 

There might be a few explanations for the relatively weak model results. First, to 

ensure the stationarity of the variables, the first differences of the factors are used in 

the VAR model instead of the variables themselves. First differences stand for the 

changes or the growth of the components. In our analysis, we intend to find out the 

performances of the automobile industry when experiencing shocks. However, the 

pandemic happened not long before the time of the writing, and the automotive 

industry recovered quickly from the lockdown measures imposed. So, the impact of 

the pandemic might not be so significant as the pandemic happened only recently, and 

the length of the lockdown is too short compared to the whole time periods studied in 

this paper.  
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3.2 Interpretation of Results 

 

The VAR model results show that the evidence fails to support our hypothesis. First 

of all, we expect the targeted factors to significantly impact the production and sales 

of motor vehicles in countries. However, we only find one or two significant 

indicators in each country's supply-side or demand-side of the car industry. Moreover, 

the situations between the targeted CEE countries differ a lot. Especially, fear of 

contagion shows some weak short-term indicating effects on car sales in Bulgaria, 

Lithuania, and Poland. While in the rest of the countries, no clear forecasting 

relationships are detected. Finally, we generate the trend of the variables to compare 

the changes during the COVID-19 lockdown period directly. We find clear and strong 

correlations between the variable and the production and sales, respectively during the 

lockdown period in these countries. We suspect the insignificant VAR model results 

would be due to the lack of available statistics and the relatively short-term direct 

influencing period from COVID-19. 
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CONCLUSION 

 

From the above analysis, we inspect the automotive industry in seven central and 

eastern European countries ï Bulgaria, the Czech Republic, Estonia, Hungary, 

Lithuania, Poland, and Romania to analyse the production and demand for motor 

vehicles from 2007 to 2021. We mainly would like to see the critical factors to the 

supply-side and demand-side of the industry, respectively. Moreover, we also intend 

to find out the impact on the industry of the shock brought by the coronavirus. For the 

supply-side of the factor, we focused on both physical inputs and human resources. 

The factors included on the supply-side are employment in the manufacturing 

industry, the imported raw materials, and imported semiconductor devices used in 

manufacture. Especially, the imported raw materials are listed as one independent 

factor apart from other raw materials like steel, metal, et cetera. The reason is to 

emphasize the importance of semiconductor chips in car production. As green 

vehicles are becoming the trend of future transportation and semiconductor devices 

are critical components for alternative fuel vehicles, the study of semiconductor chips 

might impact the development of future vehicle production. On the demand-side, this 

paper assumes that car consumption depends on employment rate, wages and salaries, 

value added to the automobile industry, and the fear of contagion, which is directly 

related to coronavirus's impact. All of the indicators to evaluate the production and 

sales of motor vehicles are in quarterly form, and all statistics are downloaded from 

Eurostat and COMEXT databases. Then, this thesis adopts the vector autoregression 

(VAR) method to construct models for both the supply-side and demand-side analysis. 

The VAR model is widely used to analyse the impact of shocks and predict future 

trends, which is a reasonable methodology for answering the research questions in 

this paper. To ensure the model's stability and validity, all the factors are transformed 

in the first-difference form, representing the changes or growth of factors. One 

obvious but understandable finding in the paper is that the statistical results generated 

at the country-level differs a lot. Yet, the results show that, on the supply-side of the 

automobile industry, the growth of employment and the changes in imported raw 

materials are highly significant for the growth of car production in almost all 

countries. But the growth of semiconductor chips does not seem to explain the 

production process too well. On the demand-side, the increase in wages and salaries 

and growth in value added is highly significant in all countries. Nevertheless, the 

changes in fear of contagion are unimportant in all samples. However, among all the 

significant variables in the VAR model, they are rarely influenced significantly by 

their own past values or the past values of other variables.  
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We also did the post-analysis to see which components have Granger causality effect 

and forecasting effect on the production and sales of motor vehicles. We only find 

significant Granger causality effects of imported raw material changes to production 

changes in the Czech Republic, Estonia, and Poland. In Hungary, semiconductor 

growth shows a crucial causality effect. The change of fear of contagion is critically 

influencing the sales changes of motor vehicles in the Czech Republic and Estonia. 

Besides that, no useful evidence from the Granger causality test is shown. The 

graphical illustration of the impulse-response function shows how shocks in each 

related factor would impact the production and sales of motor vehicles. Overall, not 

many visible and long-term influences are shown on the graph, but we do observe 

some small variations caused by the factors in a short period. 

 

The VAR model and the results tell us the meaningful indicators contributing to 

motor vehicle production and sales. Although the statistical results do not seem to 

infer a strong and intuitive conclusion, we can say that in each country, there are 

factors that influence the automobile industry, and the elements differ in countries. 

 

To get a more visible view of the influence of the COVID-19, we directly plotted the 

trends of the components in each country from 2017 to 2021. We can observe a 

pronounced correlation between the determinants and car production and car sales. 

We infer that the weak statistical results could be due to incomplete statistics in the 

post-epidemic period and the short outbreak period of the pandemic. In the future, if 

more precise data are available, the VAR model might show some more significant 

and interesting results.  

 

Although the statistical results in this paper do not seem to have substantial 

implications for the automotive industry in the Central and Eastern European 

countries, we expect the methods of the analysis would be of some reference values 

for subsequent studies.  
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APPENDICES 

Appendix A: ADF Stationary Test 

                 

Bulgaria 

Variable t-

statistics 

p-value First Difference t-statistics(diff) p-value(diff) 

EMP -3.75  0.00***  dEMP -9.24 0.00***  

VAD -6.48  0.00***  dVAD -8.28 0.00***  

SAL -5.41  0.00***  dSAL -16.16 0.00***  

PRD -1.75  0.41 dPRD -9.25  0.00***  

WAS -3.62  0.01***  dWAS -8.39 0.00***   

FOC -2.27  0.18 dFOC -7.80  0.00***  

IRM  -8.60  0.00***  dIRM  -29.00 0.00***  

SEM -2.11  0.24 dSEM -6.41  0.00***  

 

 

Czechia 

Variable t-

statistics 

p-value First 

Difference 

t-

statistics(diff) 

p-

value(diff) 

EMP -1.28  0.64 dEMP -4.85 0.00***  

VAD -4.29  0.00***  dVAD -7.80 0.00***  

SAL -5.80  0.00***  dSAL -23.30 0.00***  

PRD -2.15  0.22 dPRD -10.56 0.00***  

WAS -3.00  0.03** dWAS -7.84 0.00***   

FOC -1.75  0.40 dFOC -9.11  0.00***  

IRM  -1.91  0.33 dIRM  -9.13 0.00***  

SEM -4.45  0.00***  dSEM -9.83 0.00***  

 

 

Estonia 

Variable t-

statistics 

p-value First 

Difference 

t-

statistics(diff) 

p-

value(diff) 

EMP -3.86  0.00***  dEMP -6.44 0.00***  

VAD -4.08  0.00***  dVAD -8.57 0.00***  

SAL -3.07  0.03** dSAL -9.94 0.00***  

PRD -2.28  0.18 dPRD -15.75  0.00***  

WAS -4.01  0.00***  dWAS -8.02 0.00***   

FOC -1.21  0.67 dFOC -7.52  0.00***  

IRM  -3.01  0.03** dIRM  -13.14 0.00***  

SEM -4.72  0.00***  dSEM -10.17 0.00***  
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Hungary 

Variable t-

statistics 

p-value First 

Difference 

t-

statistics(diff) 

p-

value(diff) 

EMP -1.74  0.41 dEMP -9.75 0.00***  

VAD -4.05  0.00***  dVAD -9.67 0.00***  

SAL -4.91  0.00***  dSAL -12.67 0.00***  

PRD -1.94  0.31 dPRD -10.52  0.00***  

WAS -7.33  0.00***  dWAS -9.12 0.00***   

FOC -1.76  0.40 dFOC -7.70  0.00***   

IRM  -2.33  0.16 dIRM  -18.44  0.00***  

SEM -2.81  0.06 dSEM -9.94  0.00***  

 

 

Lithuania  

Variable t-

statistics 

p-value First 

Difference 

t-

statistics(diff) 

p-

value(diff) 

EMP -1.49  0.54 dEMP -6.72  0.00***  

VAD -3.99  0.00***  dVAD -8.63 0.00***  

SAL -4.25  0.00***  dSAL -10.42 0.00***  

PRD -0.89  0.79 dPRD -14.13  0.00***  

WAS -1.75  0.41 dWAS -8.02  0.00***   

FOC -0.99  0.76 dFOC -9.82  0.00***  

IRM  -2.30  0.17 dIRM  -8.83  0.00***  

SEM -7.42  0.00***  dSEM -13.08 0.00***  

 

 

 

Poland 

Variable t-

statistics 

p-value First 

Difference 

t-

statistics(diff) 

p-

value(diff) 

EMP -1.38  0.59 dEMP -6.87  0.00***  

VAD -5.99  0.00***  dVAD -7.63 0.00***  

SAL -3.74  0.00***  dSAL -14.68 0.00***  

PRD -2.07  0.26 dPRD -10.04  0.00***  

WAS -8.91  0.00***  dWAS -8.02  0.00***   

FOC -1.68  0.44 dFOC -8.73  0.00***  

IRM  -3.27  0.02** dIRM  -21.45 0.00***  

SEM -2.55  0.10 dSEM -9.15  0.00***  
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Romania 

Variable t-

statistics 

p-value First 

Difference 

t-

statistics(diff) 

p-

value(diff) 

EMP -4.80  0.00***  dEMP -7.63 0.00***  

VAD -4.59  0.00***  dVAD -10.27 

 

0.00***  

SAL -4.46  0.00***  dSAL -11.09 0.00***  

PRD -1.96  0.31 dPRD -9.67  0.00***  

WAS -4.72  0.00***  dWAS -8.99 0.00***   

FOC -1.84  0.36 dFOC -6.98  0.00***  

IRM  -1.89  0.34 dIRM  -12.68  0.00***  

SEM -3.40  0.01***  dSEM -7.01 0.00***  
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Appendix B: VAR Optimal Selection Criteria 

 

Bulgaria: Supply-side 

Lag AIC  HQIC  SBIC 

0 26.01  26.06  26.16  

1 24.49  24.78  25.25  

2 23.50  24.02  24.86  

3 21.78  22.53  23.75*   

4 21.72  22.71  24.30  

5 22.00  23.22  25.18  

6 21.72  23.17  25.51  

7 21.10  22.78  25.49  

8 20.47*   22.38*   25.47  

 

Bulgaria: Demand-side 

Lag AIC  HQIC  SBIC 

0 34.14  34.21  34.33  

1 31.35  31.79  32.49*   

2 30.54  31.34  32.63  

3 30.18  31.33  33.21  

4 29.99  31.51  33.97  

5 29.95  31.84  34.88  

6 29.76  32.01  35.63  

7 28.89  31.50  35.71  

8 26.63*   29.60*  34.40  

 

Czechia: Supply-side 

Lag AIC  HQIC  SBIC 

0 27.40 27.46 27.75 

1 27.00 27.29* 27.55* 

2 27.04 27.57 28.41 

3 26.74 27.49 28.71 

4 26.51 27.49 29.08 

5 26.46 27.67 29.64 

6 26.23 27.68 30.02 

7 25.69* 27.36 30.08 

8 26.04 27.95 31.04 

 

Czechia: Demand-side 

Lag AIC  HQIC  SBIC 

0 32.00 32.07 32.19 

1 28.75 29.19 29.89* 
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2 28.18 28.97 30.26 

3 28.10 29.25 31.13 

4 27.77 29.29 31.75 

5 28.26 30.14 33.18 

6 27.81 30.05 33.68 

7 28.03 30.63 34.85 

8 25.81* 28.78* 33.58 

 

Estonia: Supply-side 

Lag AIC  HQIC  SBIC 

0 22.37 22.43 22.53 

1 21.43 21.72* 22.21* 

2 21.26 21.80 22.68 

3 21.04 21.81 23.09 

4 21.04 22.05 23.72 

5 20.93 22.17 24.23 

6 20.97 22.45 24.91 

7 20.84 22.56 25.40 

8 20.68* 22.64 25.88 

 

Estonia: Demand-side 

Lag AIC  HQIC  SBIC 

0 33.28 33.35 33.83 

1 32.69 33.13 33.47* 

2 32.20 33.00* 34.29 

3 32.28 33.44 35.31 

4 31.82 33.34 35.79 

5 31.60 33.48 36.53 

6 31.46 33.71 37.33 

7 30.97 33.57 37.79 

8 30.04* 33.01 37.81 

 

Hungary: Supply-side 

Lag AIC  HQIC  SBIC 

0 28.08 28.14 28.23 

1 27.14 27.43 27.90* 

2 27.32 27.84 28.68 

3 26.66 27.42* 28.63 

4 26.53* 27.51 29.10 

5 26.60 27.81 29.78 

6 26.62 28.06 30.41 

7 26.77 28.45 31.17 
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8 27.04 28.95 32.04 

 

Hungary: Demand-side 

Lag AIC  HQIC  SBIC 

0 34.06 34.14 34.25 

1 33.46 33.89 34.59 

2 32.28 33.08 34.36 

3 31.04 32.20 34.07* 

4 30.91 32.43 34.89 

5 30.55 32.43 35.47 

6 29.98 32.22 35.85 

7 29.17 31.77 35.98 

8 28.20* 31.16* 35.96 

 

Lithuania: Supply -side 

Lag AIC  HQIC  SBIC 

0 24.72 24.78 24.87*  

1 24.34 24.63 25.10 

2 23.71 24.24 25.08 

3 22.94 23.69* 24.91 

4 22.99 23.98 25.57 

5 23.21 24.43 26.40 

6 23.28 24.73 27.07 

7 22.70 24.38 27.10 

8 22.58* 24.49 27.58 

 

Lithuania: Demand-side 

Lag AIC  HQIC  SBIC 

0 35.55 35.62 36.62 

1 35.49 35.92 35.73* 

2 34.81 35.61 36.90 

3 34.92 36.07 37.95 

4 32.99 34.51 36.96 

5 32.47 34.35 37.39 

6 32.11 34.35 37.98 

7 30.89 33.49 37.70 

8 29.42* 32.39* 37.19 

 

Poland: Supply-side 

Lag AIC  HQIC  SBIC 

0 29.23 29.28 29.38 

1 26.94 27.23* 27.70* 
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2 26.84 27.36 28.20 

3 26.50 27.25 28.47 

4 26.46 27.44 29.04 

5 26.55 27.77 29.74 

6 26.23* 27.68 30.02 

7 26.47 28.15 30.87 

8 26.64 28.56 31.64 

 

Poland: Demand-side 

Lag AIC  HQIC  SBIC 

0 35.83 35.90 36.02 

1 33.59 34.02 34.72 

2 31.87 32.66 33.95 

3 30.88 32.03 33.91* 

4 30.87 32.39 34.85 

5 30.69 32.58 35.62 

6 30.00 32.25 35.87 

7 28.96 31.56 35.78 

8 27.75* 30.72* 35.52 

 

Romania: Supply-side 

Lag AIC  HQIC  SBIC 

0 24.86 24.92 25.01 

1 24.53 24.82 25.29 

2 23.78 24.30 25.14 

3 22.66 23.42* 24.63* 

4 22.46 23.44 25.03 

5 22.49 23.71 25.68 

6 22.72 24.17 26.51 

7 22.47 24.15 26.86 

8 21.72* 23.63 26.72 

 

Romania: Demand-side 

Lag AIC  HQIC  SBIC 

0 35.61 35.68 35.96 

1 34.82 35.26 35.80* 

2 34.03 34.83 36.12 

3 33.38 34.54 36.41 

4 33.10 34.62 37.08 

5 33.42 35.30 38.34 

6 33.08 35.33 38.96 

7 32.87 35.47 39.68 
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8 29.89* 32.85* 37.65 
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Appendix C: VAR Model Results 

 

1.1  Bulgaria ï Supply-side 
Equation Parms RMSE R-sq F P > F 

      

dPRD 13 15.18  0.34  1.83  0.07  

dEMP 13 0.41  0.70  8.46  0.00  

dSEM 13 31.19  0.14  0.58  0.85  

dIRM 13 1.32  0.94  56.68  0.00  

      

      

  Coefficient Std. err. t P>t 

      

dPRD      

 dPRD     

 L1. -0.46***   0.15  -2.99  0.01  

 L2. -0.58 ***  0.14  -4.03  0.00  

 L3. -0.30*   0.16  -1.85  0.07  

      

 dEMP     

 L1. 2.15  5.41  0.40  0.69  

 L2. 1.79  4.92  0.36  0.72  

 L3. -2.23  4.20  -0.53  0.60  

      

 dSEM     

 L1. -0.03  0.07  -0.38  0.71  

 L2. -0.06  0.08  -0.74  0.47  

 L3. -0.06  0.07  -0.88  0.39  

      

 dIRM     

 L1. -0.40  1.15  -0.35  0.73  

 L2. -1.33  1.87  -0.71  0.48  

 L3. -0.71  1.48  -0.48  0.64  

      

 _cons 2.89  2.22  1.30  0.20  

      

dEMP      

 dPRD     

 L1. 0.01  0.00  1.49  0.14  

 L2. 0.01**   0.00  2.32  0.03  

 L3. 0.00  0.00  0.50  0.62  
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 dEMP     

 L1. -0.62***   0.14  -4.30  0.00  

 L2. -0.44***   0.13  -3.32  0.00  

 L3. -0.33***   0.11  -2.97  0.01  

      

 dSEM     

 L1. 0.00  0.00  1.36  0.18  

 L2. 0.00  0.00  -0.09  0.93  

 L3. 0.00 *  0.00  -1.95  0.06  

      

 dIRM     

 L1. 0.12***  0.03  3.87  0.00  

 L2. 0.07  0.05  1.37  0.18  

 L3. -0.05  0.04  -1.32  0.20  

      

 _cons -0.14**   0.06  -2.41  0.02  

      

dSEM      

 dPRD     

 L1. -0.11  0.32  -0.34  0.74  

 L2. 0.17  0.30  0.58  0.56  

 L3. -0.10  0.34  -0.31  0.76  

      

 dEMP     

 L1. -12.17  11.11  -1.10  0.28  

 L2. -6.41  10.10  -0.63  0.53  

 L3. 0.76  8.62  0.09  0.93  

      

 dSEM     

 L1. 0.18  0.15  1.19  0.24  

 L2. 0.06  0.15  0.42  0.68  

 L3. -0.24  0.15  -1.65  0.11  

      

 dIRM     

 L1. 1.51  2.37  0.64  0.53  

 L2. 3.54  3.85  0.92  0.36  

 L3. 1.55  3.04  0.51  0.61  

      

 _cons -0.77  4.57  -0.17  0.87  

      

dIRM      

 dPRD     
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 L1. 0.02  0.01  1.60  0.12  

 L2. 0.03**   0.01  2.06  0.05  

 L3. 0.05***   0.01  3.40  0.00  

      

 dEMP     

 L1. -0.06  0.47  -0.13  0.90  

 L2. 0.10  0.43  0.22  0.82  

 L3. 1.03***   0.37  2.83  0.01  

      

 dSEM     

 L1. 0.00  0.01  -0.21  0.83  

 L2. 0.00  0.01  -0.11  0.91  

 L3. 0.00  0.01  0.48  0.64  

      

 dIRM     

 L1. -0.73***   0.10  -7.31  0.00  

 L2. -0.52***   0.16  -3.17  0.00  

 L3. -0.77***   0.13  -5.99  0.00  

      

 _cons 0.15  0.19  0.76  0.45  

 

Covariance Matrix of errors 
 dPRD dEMP dSEM dIRM  

     

dPRD 230.47                

dEMP 2.18  0.17               

dSEM -44.08  -0.90  972.98              

dIRM 6.70  0.30  -0.14  1.75  

 

1.2 Bulgaria ï Demand-side 
Equation Parms RMSE R-sq F P > F 

      

dSAL 6.00  84.93  0.47  9.39  0.00  

dEMP 6.00  0.52  0.46  8.95  0.00  

dWAS 6.00  2.00  0.75  31.95  0.00  

dFOC 6.00  50.62  0.04  0.39  0.85  

dVAD 6.00  1.43  0.52  11.29  0.00  

      

  Coefficient Std. err. t P>t 

      

dSAL      

 dSAL     
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 L1. -0.69***   0.10  -6.69  0.00  

      

 dEMP     

 L1. -12.35  21.27  -0.58  0.56  

      

 dWAS     

 L1. -3.89  3.35  -1.16  0.25  

      

 dFOC     

 L1. -0.33  0.24  -1.40  0.17  

      

 dVAD     

 L1. 3.21  6.89  0.47  0.64  

      

 _cons -3.02  11.26  -0.27  0.79  

      

dEMP      

 dSAL     

 L1. 0.00  0.00  -0.18  0.86  

      

 dEMP     

 L1. -0.15  0.13  -1.12  0.27  

      

 dWAS     

 L1. -0.08***   0.02  -4.16  0.00  

      

 dFOC     

 L1. 0.00  0.00  0.22  0.83  

      

 dVAD     

 L1. -0.14***   0.04  -3.30  0.00  

      

 _cons -0.03  0.07  -0.50  0.62  

      

dWAS      

 dSAL     

 L1. 0.00  0.00  1.27  0.21  

      

 dEMP     

 L1. 2.83***   0.50  5.66  0.00  

      

 dWAS     
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 L1. -0.20***   0.08  -2.57  0.01  

      

 dFOC     

 L1. 0.00  0.01  0.58  0.56  

      

 dVAD     

 L1. -1.01***   0.16  -6.23  0.00  

      

 _cons 0.31  0.26  1.16  0.25  

      

dFOC      

 dSAL     

 L1. 0.06  0.06  0.90  0.37  

      

 dEMP     

 L1. 4.35  12.68  0.34  0.73  

      

 dWAS     

 L1. 0.99  2.00  0.49  0.62  

      

 dFOC     

 L1. -0.04  0.14  -0.26  0.79  

      

 dVAD     

 L1. -2.03  4.11  -0.49  0.62  

      

 _cons 3.45  6.71  0.51  0.61  

      

dVAD      

 dSAL     

 L1. 0.00  0.00  -0.55  0.58  

      

 dEMP     

 L1. -0.12  0.36  -0.33  0.75  

      

 dWAS     

 L1. 0.37***   0.06  6.59  0.00  

      

 dFOC     

 L1. 0.00  0.00  0.14  0.89  

      

 dVAD     
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 L1. -0.22*   0.12  -1.94  0.06  

      

 _cons -0.10  0.19  -0.55  0.59  

 

Covariance Matrix of errors 
 dSAL dEMP dWAS dFOC dVAD  

      

dSAL 7212.56                 

dEMP -13.92  0.27                

dWAS -3.01  0.17  3.99               

dFOC -216.93  -1.61  10.53  2561.93              

dVAD 8.17  -0.19  0.67  3.06  2.05  

 

 

2.1  Czechia ï Supply-side 
Equation Parms RMSE R-sq F P > F 

dPRD 9.00  11.93  0.33  2.96  0.01  

dEMP 9.00  1.09  0.34  3.03  0.01  

dSEM 9.00  34.05  0.32  2.88  0.01  

dIRM 9.00  8.20  0.10  0.66  0.72  

      

      

  Coefficient Std. err. t P>t 

      

dPRD      

 dPRD     

 L1. -0.76***   0.18  -4.30  0.00  

 L2. -0.42**   0.18  -2.29  0.03  

      

 dEMP     

 L1. 1.86  1.76  1.06  0.30  

 L2. -3.32**   1.66  -2.00  0.05  

      

 dSEM     

 L1. -0.06  0.05  -1.26  0.21  

 L2. 0.03  0.05  0.72  0.48  

      

 dIRM     

 L1. 0.64**   0.26  2.48  0.02  

 L2. 0.29  0.27  1.06  0.29  

      

 _cons 1.11  1.61  0.69  0.49  
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dEMP      

 dPRD     

 L1. -0.01  0.02  -0.37  0.72  

 L2. -0.01  0.02  -0.42  0.68  

      

 dEMP     

 L1. 0.60***   0.16  3.76  0.00  

 L2. -0.22  0.15  -1.44  0.16  

      

 dSEM     

 L1. -0.01**   0.00  -2.52  0.02  

 L2. 0.00  0.00  -0.95  0.35  

      

 dIRM     

 L1. 0.03  0.02  1.12  0.27  

 L2. 0.04  0.02  1.49  0.14  

      

 _cons -0.03  0.15  -0.22  0.83  

      

dSEM      

 dPRD     

 L1. -0.71  0.51  -1.40  0.17  

 L2. 0.36  0.53  0.69  0.50  

      

 dEMP     

 L1. 0.96  5.01  0.19  0.85  

 L2. -3.84  4.74  -0.81  0.42  

      

 dSEM     

 L1. -0.43***   0.14  -2.99  0.00  

 L2. -0.45***   0.14  -3.36  0.00  

      

 dIRM     

 L1. 1.06  0.74  1.43  0.16  

 L2. -0.13  0.77  -0.16  0.87  

      

 _cons 2.12  4.60  0.46  0.65  

      

dIRM      

 dPRD     

 L1. -0.17  0.12  -1.42  0.16  
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 L2. -0.10  0.13  -0.80  0.43  

      

 dEMP     

 L1. 1.18  1.21  0.97  0.34  

 L2. -0.80  1.14  -0.70  0.49  

      

 dSEM     

 L1. -0.02  0.03  -0.48  0.63  

 L2. -0.01  0.03  -0.24  0.81  

      

 dIRM     

 L1. -0.08  0.18  -0.45  0.65  

 L2. -0.02  0.19  -0.09  0.93  

      

 _cons 1.12  1.11  1.01  0.32  

 

Covariance Matrix of errors 
 dPRD dEMP dSEM dIRM  

dPRD 142.37                

dEMP 3.79  1.19               

dSEM -31.82  13.76  1159.27              

dIRM 58.81  0.90  -29.47  67.30  

 

2.2  Czechia ï Demand-side 
Equation Parms RMSE R-sq F P > F 

      

dSAL 6.00  73.96  0.73  27.98  0.00  

dEMP 6.00  1.16  0.20  2.62  0.03  

dWAS 6.00  0.80  0.60  15.88  0.00  

dFOC 6.00  36.02  0.11  1.28  0.29  

dVAD 6.00  0.94  0.61  15.93  0.00  

      

  Coefficient Std. err. t P>t 

      

dSAL      

 dSAL     

 L1. -0.77***   0.07  -10.91  0.00  

      

 dEMP     

 L1. -0.99  8.30  -0.12  0.91  

      

 dWAS     
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 L1. 0.58  8.59  0.07  0.95  

      

 dFOC     

 L1. 1.04***   0.28  3.70  0.00  

      

 dVAD     

 L1. -5.36  7.53  -0.71  0.48  

      

 _cons -4.64  9.76  -0.48  0.64  

      

dEMP      

 dSAL     

 L1. 0.00  0.00  0.15  0.88  

      

 dEMP     

 L1. 0.40***   0.13  3.07  0.00  

      

 dWAS     

 L1. 0.12  0.13  0.88  0.38  

      

 dFOC     

 L1. 0.00  0.00  -0.46  0.65  

      

 dVAD     

 L1. 0.03  0.12  0.24  0.81  

      

 _cons -0.01  0.15  -0.05  0.96  

      

dWAS      

 dSAL     

 L1. 0.00  0.00  -0.50  0.62  

      

 dEMP     

 L1. 0.04  0.09  0.46  0.65  

      

 dWAS     

 L1. 0.18*   0.09  1.94  0.06  

      

 dFOC     

 L1. 0.00  0.00  -0.71  0.48  

      

 dVAD     
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 L1. -0.69***   0.08  -8.44  0.00  

      

 _cons 0.05  0.11  0.48  0.63  

      

dFOC      

 dSAL     

 L1. -0.03  0.03  -0.86  0.39  

      

 dEMP     

 L1. -3.16  4.04  -0.78  0.44  

      

 dWAS     

 L1. 5.87  4.18  1.40  0.17  

      

 dFOC     

 L1. -0.24*   0.14  -1.74  0.09  

      

 dVAD     

 L1. -3.66  3.67  -1.00  0.32  

      

 _cons 2.53  4.75  0.53  0.60  

      

dVAD      

 dSAL     

 L1. 0.00  0.00  1.09  0.28  

      

 dEMP     

 L1. -0.14  0.11  -1.28  0.21  

      

 dWAS     

 L1. 0.95***   0.11  8.69  0.00  

      

 dFOC     

 L1. -0.01**  0.00  -2.33  0.02  

      

 dVAD     

 L1. -0.19*   0.10  -1.96  0.06  

      

 _cons -0.09  0.12  -0.72  0.47  

 

Covariance Matrix of errors 

 dSAL dEMP dWAS dFOC dVAD  
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3.1  Estonia ï Supply-side 
Equation Parms RMSE R-sq F P > F 

      

dPRD 5.00  15.73  0.51  12.52  0.00  

dEMP 5.00  5.56  0.06  0.80  0.53  

dSEM 5.00  3.97  0.12  1.74  0.16  

dIRM 5.00  0.85  0.49  11.98  0.00  

      

  Coefficient Std. err. t P>t 

      

dPRD      

 dPRD     

 L1. -0.59***   0.13  -4.67  0.00  

      

 dEMP     

 L1. 0.06  0.42  0.14  0.89  

      

 dSEM     

 L1. 0.64  0.55  1.17  0.25  

      

 dIRM     

 L1. 4.19*   2.19  1.91  0.06  

      

 _cons 2.51  2.16  1.16  0.25  

      

dEMP      

 dPRD     

 L1. 0.00  0.04  0.07  0.95  

      

 dEMP     

 L1. 0.15  0.15  0.99  0.33  

      

 dSEM     

 L1. 0.19  0.19  0.97  0.34  

      

 dIRM     

dSAL 5470.46                 

dEMP 12.00  1.33                

dWAS 5.37  0.25  0.65               

dFOC -448.08  -3.67  3.92  1297.31              

dVAD 6.66  0.48  0.24  0.16  0.89  
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 L1. 0.27  0.78  0.35  0.73  

      

 _cons -0.08  0.76  -0.10  0.92  

      

dSEM      

 dPRD     

 L1. 0.02  0.03  0.74  0.46  

      

 dEMP     

 L1. 0.13  0.11  1.27  0.21  

      

 dSEM     

 L1. -0.29**   0.14  -2.13  0.04  

      

 dIRM     

 L1. 0.23  0.55  0.42  0.68  

      

 _cons 0.08  0.54  0.15  0.88  

      

dIRM      

 dPRD     

 L1. 0.03***   0.01  4.28  0.00  

      

 dEMP     

 L1. -0.01  0.02  -0.40  0.69  

      

 dSEM     

 L1. 0.05*   0.03  1.85  0.07  

      

 dIRM     

 L1. -0.28**   0.12  -2.37  0.02  

      

 _cons 0.03  0.12  0.30  0.77  

 

Covariance Matrix of errors 
 dPRD dEMP dSEM dIRM  

     

dPRD 247.47                

dEMP 3.41  30.96               

dSEM -1.29  6.60  15.73              

dIRM 0.12  0.95  -0.48  0.73  
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3.2  Estonia ï Demand-side 
Equation Parms RMSE R-sq F P > F 

      

dSAL 11.00  59.06  0.49  4.38  0.00  

dEMP 11.00  4.18  0.51  4.83  0.00  

dWAS 11.00  1.30  0.62  7.56  0.00  

dFOC 11.00  37.83  0.12  0.65  0.77  

dVAD 11.00  0.65  0.51  4.84  0.00  

      

  Coefficient Std. err. t P>t 

      

dSAL      

 dSAL     

 L1. -0.04  0.14  -0.28  0.78  

 L2. -0.04  0.12  -0.33  0.74  

      

 dEMP     

 L1. -1.46  1.65  -0.89  0.38  

 L2. 3.71**   1.69  2.19  0.03  

      

 dWAS     

 L1. -10.23*   5.52  -1.85  0.07  

 L2. 11.87*   6.24  1.90  0.06  

      

 dFOC     

 L1. 0.92***   0.24  3.83  0.00  

 L2. -0.94***   0.29  -3.19  0.00  

      

 dVAD     

 L1. -5.87  12.74  -0.46  0.65  

 L2. -15.22  11.83  -1.29  0.21  

      

 _cons 1.74  7.92  0.22  0.83  

      

dEMP      

 dSAL     

 L1. -0.01  0.01  -0.83  0.41  

 L2. 0.00  0.01  -0.13  0.90  

      

 dEMP     

 L1. 0.34***   0.12  2.92  0.01  



106 

 

 L2. -0.66***   0.12  -5.47  0.00  

      

 dWAS     

 L1. 0.77*   0.39  1.96  0.06  

 L2. -0.07  0.44  -0.16  0.87  

      

 dFOC     

 L1. -0.02  0.02  -1.39  0.17  

 L2. 0.01  0.02  0.38  0.70  

      

 dVAD     

 L1. 1.10  0.90  1.21  0.23  

 L2. 2.00**   0.84  2.39  0.02  

      

 _cons -0.15  0.56  -0.26  0.79  

      

dWAS      

 dSAL     

 L1. 0.00  0.00  -0.26  0.80  

 L2. 0.00  0.00  0.42  0.68  

      

 dEMP     

 L1. -0.02  0.04  -0.66  0.51  

 L2. 0.06  0.04  1.63  0.11  

      

 dWAS     

 L1. -0.25**   0.12  -2.05  0.05  

 L2. -0.48***   0.14  -3.47  0.00  

      

 dFOC     

 L1. 0.01*   0.01  1.90  0.06  

 L2. 0.00  0.01  -0.12  0.91  

      

 dVAD     

 L1. -0.66**   0.28  -2.36  0.02  

 L2. -0.75***   0.26  -2.87  0.01  

      

 _cons 0.04  0.17  0.23  0.82  

      

dFOC      

 dSAL     

 L1. -0.01  0.09  -0.11  0.91  



107 

 

 L2. 0.02  0.08  0.23  0.82  

      

 dEMP     

 L1. 0.68  1.05  0.65  0.52  

 L2. 0.77  1.09  0.71  0.48  

      

 dWAS     

 L1. -0.08  3.53  -0.02  0.98  

 L2. -2.09  4.00  -0.52  0.60  

      

 dFOC     

 L1. 0.02  0.15  0.11  0.92  

 L2. -0.11  0.19  -0.59  0.56  

      

 dVAD     

 L1. -5.33  8.16  -0.65  0.52  

 L2. -5.39  7.58  -0.71  0.48  

      

 _cons 4.05  5.07  0.80  0.43  

      

dVAD      

 dSAL     

 L1. 0.00  0.00  -0.56  0.58  

 L2. 0.00  0.00  -1.23  0.23  

      

 dEMP     

 L1. 0.04**   0.02  2.14  0.04  

 L2. 0.00  0.02  0.09  0.93  

      

 dWAS     

 L1. 0.17***   0.06  2.82  0.01  

 L2. -0.08  0.07  -1.12  0.27  

      

 dFOC     

 L1. -0.01***   0.00  -2.66  0.01  

 L2. 0.00  0.00  1.33  0.19  

      

 dVAD     

 L1. -0.12  0.14  -0.85  0.40  

 L2. -0.36***   0.13  -2.79  0.01  

      

 _cons -0.01  0.09  -0.13  0.90  
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Covariance Matrix of errors 
 dSAL dEMP dWAS dFOC dVAD  

      

dSAL 3488.21                 

dEMP -18.13  17.51                

dWAS 17.19  -0.56  1.70               

dFOC -197.26  -1.31  9.79  1430.88              

dVAD 7.70  -0.15  0.11  5.48  0.42  

 

4.1  Hungary ï Supply-side 
Equation Parms RMSE R-sq F P > F 

      

dPRD 5.00  11.31  0.16  2.44  0.06  

dEMP 5.00  2.33  0.19  3.05  0.02  

dSEM 5.00  28.06  0.10  1.44  0.23  

dIRM 5.00  6.43  0.55  16.02  0.00  

      

      

  Coefficient Std. err. t P>t 

      

dPRD      

 dPRD     

 L1. -0.30**   0.15  -1.98  0.05  

      

 dEMP     

 L1. -0.07  0.74  -0.10  0.92  

      

 dSEM     

 L1. -0.09*   0.06  -1.68  0.10  

      

 dIRM     

 L1. 0.12  0.23  0.50  0.62  

      

 _cons 0.30  1.51  0.20  0.84  

      

dEMP      

 dPRD     

 L1. 0.05  0.03  1.50  0.14  

      

 dEMP     

 L1. -0.02  0.15  -0.14  0.89  
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 dSEM     

 L1. 0.00  0.01  -0.12  0.91  

      

 dIRM     

 L1. -0.13***   0.05  -2.78  0.01  

      

 _cons 0.03  0.31  0.10  0.92  

      

dSEM      

 dPRD     

 L1. 0.32  0.38  0.83  0.41  

      

 dEMP     

 L1. 1.21  1.83  0.66  0.51  

      

 dSEM     

 L1. -0.27**   0.14  -1.95  0.06  

      

 dIRM     

 L1. -0.66  0.58  -1.14  0.26  

      

 _cons -2.83  3.73  -0.76  0.45  

      

dIRM      

 dPRD     

 L1. 0.15*   0.09  1.67  0.10  

      

 dEMP     

 L1. 0.01  0.42  0.02  0.98  

      

 dSEM     

 L1. -0.04  0.03  -1.21  0.23  

      

 dIRM     

 L1. -0.79***   0.13  -5.96  0.00  

      

 _cons 0.99  0.86  1.16  0.25  

 

 

Covariance Matrix of errors 
 dPRD dEMP dSEM dIRM  
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dPRD 127.97                

dEMP 6.54  5.45               

dSEM 91.49  8.44  787.50              

dIRM 50.69  6.58  36.61  41.38  

 

 

4.2  Hungary ï Demand-side 
Equation Parms RMSE R-sq F P > F 

      

dSAL 16.00  82.96  0.43  2.05  0.04  

dEMP 16.00  2.07  0.52  2.86  0.00  

dWAS 16.00  0.77  0.94  41.11  0.00  

dFOC 16.00  38.10  0.24  0.83  0.64  

dVAD 16.00  0.68  0.71  6.41  0.00  

      

  Coefficient Std. err. t P>t 

      

dSAL      

 dSAL     

 L1. -0.66***   0.15  -4.31  0.00  

 L2. -0.32*   0.18  -1.72  0.09  

 L3. -0.13  0.17  -0.81  0.42  

      

 dEMP     

 L1. 2.85  6.23  0.46  0.65  

 L2. -1.44  5.80  -0.25  0.81  

 L3. -7.46  5.63  -1.32  0.19  

      

 dWAS     

 L1. 1.46  9.26  0.16  0.88  

 L2. 5.56  7.53  0.74  0.46  

 L3. 8.70  7.93  1.10  0.28  

      

 dFOC     

 L1. -0.35  0.35  -1.01  0.32  

 L2. 0.21  0.47  0.45  0.66  

 L3. -0.51  0.51  -0.99  0.33  

      

 dVAD     

 L1. 3.38  17.71  0.19  0.85  

 L2. -17.62  17.17  -1.03  0.31  



111 

 

 L3. -35.61**   17.97  -1.98  0.05  

      

 _cons 4.14  11.36  0.36  0.72  

      

dEMP      

 dSAL     

 L1. 0.00  0.00  -1.10  0.28  

 L2. 0.00  0.00  0.42  0.68  

 L3. 0.01  0.00  1.24  0.22  

      

 dEMP     

 L1. -0.19  0.16  -1.22  0.23  

 L2. 0.17  0.14  1.20  0.24  

 L3. -0.13  0.14  -0.92  0.36  

      

 dWAS     

 L1. -0.22  0.23  -0.95  0.35  

 L2. 0.01  0.19  0.04  0.97  

 L3. -0.03  0.20  -0.13  0.90  

      

 dFOC     

 L1. -0.02**   0.01  -2.49  0.02  

 L2. 0.02  0.01  1.45  0.16  

 L3. 0.00  0.01  -0.36  0.72  

      

 dVAD     

 L1. 1.13***   0.44  2.57  0.01  

 L2. 1.01**   0.43  2.37  0.02  

 L3. 0.48  0.45  1.08  0.29  

      

 _cons -0.06  0.28  -0.20  0.85  

      

dWAS      

 dSAL     

 L1. 0.00  0.00  -0.10  0.92  

 L2. 0.00  0.00  0.61  0.54  

 L3. 0.00  0.00  -0.97  0.34  

      

 dEMP     

 L1. 0.01  0.06  0.13  0.90  

 L2. 0.15***   0.05  2.87  0.01  

 L3. 0.01  0.05  0.22  0.83  
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 dWAS     

 L1. -0.85***   0.09  -9.98  0.00  

 L2. -0.79***   0.07  -11.44  0.00  

 L3. -0.75***   0.07  -10.28  0.00  

      

 dFOC     

 L1. 0.01***   0.00  3.62  0.00  

 L2. -0.01  0.00  -1.35  0.19  

 L3. 0.01*   0.00  1.81  0.08  

      

 dVAD     

 L1. -0.38***   0.16  -2.31  0.03  

 L2. -0.53***   0.16  -3.35  0.00  

 L3. -0.34**   0.17  -2.08  0.04  

      

 _cons -0.03  0.10  -0.32  0.75  

      

dFOC      

 dSAL     

 L1. 0.02  0.07  0.33  0.75  

 L2. -0.03  0.08  -0.32  0.75  

 L3. -0.05  0.08  -0.66  0.51  

      

 dEMP     

 L1. -1.43  2.86  -0.50  0.62  

 L2. -2.23  2.66  -0.84  0.41  

 L3. -2.68  2.59  -1.04  0.31  

      

 dWAS     

 L1. 3.46  4.25  0.81  0.42  

 L2. -1.70  3.46  -0.49  0.63  

 L3. -0.67  3.64  -0.18  0.85  

      

 dFOC     

 L1. -0.01  0.16  -0.03  0.97  

 L2. -0.43**   0.22  -2.01  0.05  

 L3. 0.17  0.23  0.71  0.48  

      

 dVAD     

 L1. -8.33  8.13  -1.02  0.31  

 L2. -4.87  7.89  -0.62  0.54  



113 

 

 L3. 3.07  8.25  0.37  0.71  

      

 _cons 3.25  5.22  0.62  0.54  

      

dVAD      

 dSAL     

 L1. 0.00  0.00  -0.50  0.62  

 L2. 0.00  0.00  -0.52  0.61  

 L3. 0.00  0.00  1.59  0.12  

      

 dEMP     

 L1. 0.06  0.05  1.17  0.25  

 L2. 0.01  0.05  0.23  0.82  

 L3. -0.02  0.05  -0.50  0.62  

      

 dWAS     

 L1. -0.05  0.08  -0.70  0.49  

 L2. -0.27***   0.06  -4.32  0.00  

 L3. -0.19***   0.07  -2.89  0.01  

      

 dFOC     

 L1. -0.01**   0.00  -2.37  0.02  

 L2. 0.01***   0.00  3.21  0.00  

 L3. 0.00  0.00  0.74  0.46  

      

 dVAD     

 L1. -0.22  0.15  -1.47  0.15  

 L2. -0.06  0.14  -0.43  0.67  

 L3. -0.44***   0.15  -2.95  0.01  

      

 _cons -0.06  0.09  -0.65  0.52  

 

Covariance Matrix of errors 
 dSAL dEMP dWAS dFOC dVAD  

      

dSAL 6882.96                 

dEMP -41.93  4.27                

dWAS 7.85  0.28  0.59               

dFOC -37.60  5.30  -0.18  1451.42              

dVAD 16.01  -0.21  -0.06  0.97  0.47  
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6.1  Lithuania ï Supply-side 
Equation Parms RMSE R-sq F P > F 

      

dPRD 9.00  23.57  0.34  3.07  0.01  

dEMP 9.00  2.69  0.35  3.27  0.00  

dSEM 9.00  4.01  0.37  3.57  0.00  

dIRM 9.00  1.56  0.49  5.72  0.00  

      

  Coefficient Std. err. t P>t 

      

dPRD      

 dPRD     

 L1. -0.51***   0.14  -3.52  0.00  

 L2. 0.09  0.15  0.58  0.56  

      

 dEMP     

 L1. 0.35  1.11  0.32  0.75  

 L2. -0.66  1.00  -0.66  0.51  

      

 dSEM     

 L1. -0.60  0.80  -0.75  0.46  

 L2. -0.62  0.80  -0.78  0.44  

      

 dIRM     

 L1. 0.54  1.58  0.34  0.73  

 L2. 0.07  1.68  0.04  0.97  

      

 _cons 3.78  3.21  1.18  0.25  

      

dEMP      

 dPRD     

 L1. 0.06***   0.02  3.62  0.00  

 L2. 0.06***   0.02  3.28  0.00  

      

 dEMP     

 L1. -0.03  0.13  -0.21  0.83  

 L2. 0.06  0.11  0.55  0.58  

      

 dSEM     

 L1. 0.02  0.09  0.16  0.87  

 L2. -0.03  0.09  -0.29  0.77  
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 dIRM     

 L1. 0.35*   0.18  1.96  0.06  

 L2. 0.49**   0.19  2.53  0.02  

      

 _cons -0.50  0.37  -1.37  0.18  

      

dSEM      

 dPRD     

 L1. 0.04  0.02  1.44  0.16  

 L2. 0.03  0.03  1.19  0.24  

      

 dEMP     

 L1. -0.10  0.19  -0.54  0.59  

 L2. -0.11  0.17  -0.63  0.53  

      

 dSEM     

 L1. -0.70***   0.14  -5.18  0.00  

 L2. -0.32**   0.14  -2.38  0.02  

      

 dIRM     

 L1. -0.03  0.27  -0.11  0.92  

 L2. -0.12  0.29  -0.42  0.68  

      

 _cons -0.04  0.55  -0.08  0.94  

      

dIRM      

 dPRD     

 L1. 0.02**   0.01  2.24  0.03  

 L2. 0.02  0.01  1.49  0.14  

      

 dEMP     

 L1. -0.05  0.07  -0.62  0.54  

 L2. 0.08  0.07  1.22  0.23  

      

 dSEM     

 L1. 0.00  0.05  -0.08  0.93  

 L2. 0.05  0.05  1.04  0.30  

      

 dIRM     

 L1. -0.23**   0.10  -2.21  0.03  

 L2. -0.64***   0.11  -5.76  0.00  
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 _cons 0.14  0.21  0.67  0.51  

 

Covariance Matrix of errors 
 dPRD dEMP dSEM dIRM  

     

dPRD 555.53                

dEMP 9.71  7.25               

dSEM 7.71  -0.25  16.07              

dIRM -0.28  0.42  0.55  2.43  

 

 

6.2  L ithuania ïDemand-side 
Equation Parms RMSE R-sq F P > F 

      

dSAL 11.00  111.87  0.19  1.10  0.38  

dEMP 11.00  3.04  0.21  1.21  0.31  

dWAS 11.00  2.09  0.67  9.17  0.00  

dFOC 11.00  37.74  0.14  0.76  0.67  

dVAD 11.00  0.82  0.64  8.27  0.00  

      

  Coefficient Std. err. t P>t 

      

dSAL      

 dSAL     

 L1. -0.29**   0.15  -2.01  0.05  

 L2. -0.05  0.14  -0.39  0.70  

      

 dEMP     

 L1. -5.25  5.21  -1.01  0.32  

 L2. 5.25  4.96  1.06  0.30  

      

 dWAS     

 L1. 7.40  6.52  1.14  0.26  

 L2. -9.11  6.11  -1.49  0.14  

      

 dFOC     

 L1. -0.22  0.44  -0.50  0.62  

 L2. 0.17  0.45  0.39  0.70  

      

 dVAD     

 L1. -17.52  15.01  -1.17  0.25  

 L2. -4.24  16.52  -0.26  0.80  
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 _cons 7.15  15.23  0.47  0.64  

      

dEMP      

 dSAL     

 L1. 0.00  0.00  -0.81  0.42  

 L2. 0.00  0.00  -0.40  0.69  

      

 dEMP     

 L1. 0.12  0.14  0.83  0.41  

 L2. 0.12  0.13  0.87  0.39  

      

 dWAS     

 L1. -0.22  0.18  -1.25  0.22  

 L2. -0.39**   0.17  -2.32  0.03  

      

 dFOC     

 L1. -0.02  0.01  -1.44  0.16  

 L2. 0.00  0.01  -0.28  0.78  

      

 dVAD     

 L1. 0.40  0.41  0.98  0.33  

 L2. 0.78*   0.45  1.74  0.09  

      

 _cons 0.15  0.41  0.36  0.72  

      

dWAS      

 dSAL     

 L1. 0.00  0.00  0.17  0.87  

 L2. 0.00  0.00  -1.52  0.14  

      

 dEMP     

 L1. -0.01  0.10  -0.05  0.96  

 L2. 0.04  0.09  0.47  0.64  

      

 dWAS     

 L1. -0.06  0.12  -0.47  0.64  

 L2. -0.50***   0.11  -4.38  0.00  

      

 dFOC     

 L1. 0.00  0.01  -0.44  0.66  

 L2. 0.00  0.01  -0.47  0.64  
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 dVAD     

 L1. 0.61*   0.28  2.17  0.04  

 L2. -0.83***   0.31  -2.70  0.01  

      

 _cons 0.43  0.28  1.51  0.14  

      

dFOC      

 dSAL     

 L1. 0.00  0.05  -0.04  0.97  

 L2. 0.00  0.05  -0.07  0.94  

      

 dEMP     

 L1. 2.45  1.76  1.39  0.17  

 L2. -1.58  1.67  -0.95  0.35  

      

 dWAS     

 L1. -0.91  2.20  -0.41  0.68  

 L2. 0.74  2.06  0.36  0.72  

      

 dFOC     

 L1. -0.26*   0.15  -1.73  0.09  

 L2. -0.10  0.15  -0.64  0.52  

      

 dVAD     

 L1. 1.95  5.06  0.39  0.70  

 L2. -1.12  5.57  -0.20  0.84  

      

 _cons 5.74  5.14  1.12  0.27  

      

dVAD      

 dSAL     

 L1. 0.00  0.00  0.69  0.49  

 L2. 0.00  0.00  0.75  0.46  

      

 dEMP     

 L1. -0.01  0.04  -0.19  0.85  

 L2. 0.01  0.04  0.27  0.79  

      

 dWAS     

 L1. -0.04  0.05  -0.82  0.41  

 L2. -0.27***   0.05  -5.97  0.00  
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 dFOC     

 L1. 0.00  0.00  -0.62  0.54  

 L2. 0.00  0.00  0.01  0.99  

      

 dVAD     

 L1. -0.35***   0.11  -3.15  0.00  

 L2. -0.23*   0.12  -1.89  0.07  

      

 _cons 0.11  0.11  0.94  0.35  

 

Covariance Matrix of errors 
 dSAL dEMP dWAS dFOC dVAD  

      

dSAL 12515.59                 

dEMP 7.25  9.27                

dWAS 13.38  1.07  4.37               

dFOC -321.77  -7.36  14.81  1423.97              

dVAD -2.64  -0.04  -0.05  0.52  0.68  

 

 

7.1  Poland ï Supply-side 
Equation Parms RMSE R-sq F P > F 

      

dPRD 5.00  11.93  0.17  2.68  0.04  

dEMP 5.00  2.24  0.07  0.99  0.42  

dSEM 5.00  19.96  0.09  1.33  0.27  

dIRM 5.00  8.67  0.69  28.97  0.00  

      

  Coefficient Std. err. t P>t 

      

dPRD      

 dPRD     

 L1. -0.34**   0.14  -2.46  0.02  

      

 dEMP     

 L1. -0.35  0.71  -0.49  0.63  

      

 dSEM     

 L1. -0.09  0.08  -1.07  0.29  

      

 dIRM     
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 L1. 0.19*   0.11  1.78  0.08  

      

 _cons 1.49  1.59  0.94  0.35  

      

dEMP      

 dPRD     

 L1. 0.02  0.03  0.82  0.41  

      

 dEMP     

 L1. 0.10  0.13  0.76  0.45  

      

 dSEM     

 L1. 0.02  0.02  1.01  0.32  

      

 dIRM     

 L1. 0.02  0.02  0.80  0.43  

      

 _cons 0.02  0.30  0.05  0.96  

      

dSEM      

 dPRD     

 L1. 0.26  0.23  1.11  0.27  

      

 dEMP     

 L1. 0.04  1.19  0.03  0.98  

      

 dSEM     

 L1. -0.27*   0.14  -1.92  0.06  

      

 dIRM     

 L1. 0.16  0.18  0.86  0.39  

      

 _cons 2.13  2.65  0.80  0.43  

      

dIRM      

 dPRD     

 L1. 0.35***   0.10  3.45  0.00  

      

 dEMP     

 L1. -0.26  0.52  -0.50  0.62  

      

 dSEM     
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 L1. -0.02  0.06  -0.40  0.69  

      

 dIRM     

 L1. -0.84***   0.08  -10.66  0.00  

      

 _cons 1.49  1.15  1.29  0.20  

 

Covariance Matrix of errors 
 dPRD dEMP dSEM dIRM  

     

dPRD 142.42                

dEMP 3.23  5.03               

dSEM 43.45  -8.39  398.50              

dIRM 86.41  5.22  41.15  75.16  

 

 

7.2  Poland ï Demand-side 
Equation Parms RMSE R-sq F P > F 

      

dSAL 16.00  66.12  0.50  2.63  0.01  

dEMP 16.00  2.12  0.36  1.51  0.15  

dWAS 16.00  0.65  0.97  77.29  0.00  

dFOC 16.00  43.60  0.22  0.74  0.73  

dVAD 16.00  0.78  0.89  21.36  0.00  

      

  Coefficient Std. err. t P>t 

      

dSAL      

 dSAL     

 L1. -0.60***   0.15  -3.95  0.00  

 L2. -0.01  0.18  -0.03  0.98  

 L3. 0.22  0.15  1.50  0.14  

      

 dEMP     

 L1. -1.43  4.77  -0.30  0.77  

 L2. -1.52  4.07  -0.37  0.71  

 L3. -2.46  4.86  -0.51  0.62  

      

 dWAS     

 L1. -9.96  9.12  -1.09  0.28  

 L2. -3.31  12.64  -0.26  0.80  

 L3. 10.29  9.04  1.14  0.26  
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 dFOC     

 L1. -0.08  0.25  -0.33  0.74  

 L2. 0.03  0.27  0.12  0.91  

 L3. 0.22  0.27  0.80  0.43  

      

 dVAD     

 L1. -17.57  13.64  -1.29  0.21  

 L2. 16.27  13.02  1.25  0.22  

 L3. -8.55  12.40  -0.69  0.49  

      

 _cons 3.04  9.23  0.33  0.74  

      

dEMP      

 dSAL     

 L1. 0.00  0.00  0.42  0.68  

 L2. 0.00  0.01  -0.07  0.94  

 L3. 0.00  0.00  0.36  0.72  

      

 dEMP     

 L1. 0.27*   0.15  1.74  0.09  

 L2. -0.52***   0.13  -3.95  0.00  

 L3. 0.27*   0.16  1.75  0.09  

      

 dWAS     

 L1. 0.25  0.29  0.85  0.40  

 L2. 0.32  0.40  0.78  0.44  

 L3. 0.12  0.29  0.40  0.69  

      

 dFOC     

 L1. 0.00  0.01  -0.25  0.80  

 L2. -0.01  0.01  -0.86  0.40  

 L3. 0.00  0.01  0.13  0.90  

      

 dVAD     

 L1. -0.10  0.44  -0.22  0.83  

 L2. -0.04  0.42  -0.09  0.93  

 L3. -0.43  0.40  -1.08  0.29  

      

 _cons 0.03  0.30  0.09  0.93  

      

dWAS      
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 dSAL     

 L1. 0.00  0.00  -0.11  0.92  

 L2. 0.00  0.00  -0.04  0.97  

 L3. 0.00  0.00  -0.35  0.73  

      

 dEMP     

 L1. 0.11  0.05  2.36  0.02  

 L2. 0.11  0.04  2.68  0.01  

 L3. 0.06  0.05  1.30  0.20  

      

 dWAS     

 L1. -0.66***  0.09  -7.35  0.00  

 L2. -0.52***   0.12  -4.20  0.00  

 L3. -0.81***   0.09  -9.10  0.00  

      

 dFOC     

 L1. 0.01***   0.00  2.74  0.01  

 L2. 0.00  0.00  -0.14  0.89  

 L3. 0.00  0.00  0.87  0.39  

      

 dVAD     

 L1. 0.12  0.13  0.87  0.39  

 L2. -0.01  0.13  -0.04  0.97  

 L3. -0.41***   0.12  -3.33  0.00  

      

 _cons 0.04  0.09  0.43  0.67  

      

dFOC      

 dSAL     

 L1. -0.06  0.10  -0.59  0.56  

 L2. -0.14  0.12  -1.17  0.25  

 L3. -0.05  0.10  -0.49  0.63  

      

 dEMP     

 L1. -3.65  3.15  -1.16  0.25  

 L2. -1.73  2.69  -0.65  0.52  

 L3. -4.03  3.20  -1.26  0.22  

      

 dWAS     

 L1. 6.09  6.02  1.01  0.32  

 L2. 8.19  8.34  0.98  0.33  

 L3. 2.76  5.96  0.46  0.65  
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 dFOC     

 L1. -0.22  0.16  -1.34  0.19  

 L2. -0.15  0.18  -0.83  0.41  

 L3. -0.06  0.18  -0.36  0.72  

      

 dVAD     

 L1. 9.86  9.00  1.10  0.28  

 L2. 1.33  8.59  0.15  0.88  

 L3. -4.58  8.18  -0.56  0.58  

      

 _cons 5.72  6.09  0.94  0.35  

      

dVAD      

 dSAL     

 L1. 0.00  0.00  0.40  0.69  

 L2. 0.00  0.00  0.24  0.81  

 L3. 0.00  0.00  0.26  0.80  

      

 dEMP     

 L1. -0.02  0.06  -0.30  0.77  

 L2. 0.02  0.05  0.39  0.70  

 L3. 0.03  0.06  0.50  0.62  

      

 dWAS     

 L1. -0.29***   0.11  -2.70  0.01  

 L2. -0.01  0.15  -0.05  0.96  

 L3. 0.21*   0.11  1.97  0.06  

      

 dFOC     

 L1. -0.01**   0.00  -2.28  0.03  

 L2. 0.00  0.00  1.30  0.20  

 L3. 0.00  0.00  -0.62  0.54  

      

 dVAD     

 L1. -0.47***   0.16  -2.93  0.01  

 L2. -0.47***   0.15  -3.09  0.00  

 L3. -0.31**   0.15  -2.11  0.04  

      

 _cons 0.05  0.11  0.46  0.65  
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Covariance Matrix of errors 
 dSAL dEMP dWAS dFOC dVAD  

      

dSAL 4372.31                 

dEMP -15.55  4.48                

dWAS 3.16  0.13  0.42               

dFOC -640.30  -8.38  4.18  1901.23              

dVAD -0.25  0.34  -0.18  -8.08  0.61  

 

 

 

8.1  Romania ï Supply-side 
Equation Parms RMSE R-sq F P > F 

      

dPRD 13.00  13.20  0.35  1.94  0.06  

dEMP 13.00  0.49  0.66  6.95  0.00  

dSEM 13.00  12.62  0.37  2.08  0.04  

dIRM 13.00  5.34  0.57  4.66  0.00  

      

  Coefficient Std. err. t P>t 

      

dPRD      

 dPRD     

 L1. -0.40*   0.22  -1.83  0.07  

 L2. -0.35  0.25  -1.42  0.16  

 L3. -0.03  0.24  -0.14  0.89  

      

 dEMP     

 L1. -1.13  4.06  -0.28  0.78  

 L2. -1.95  2.59  -0.75  0.45  

 L3. -4.79  3.38  -1.42  0.16  

      

 dSEM     

 L1. 0.04  0.14  0.29  0.77  

 L2. 0.07  0.14  0.50  0.62  

 L3. -0.05  0.14  -0.35  0.73  

      

 dIRM     

 L1. -0.18  0.53  -0.34  0.73  

 L2. -0.36  0.65  -0.55  0.58  

 L3. -0.45  0.56  -0.80  0.43  
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 _cons 2.55  1.92  1.33  0.19  

      

dEMP      

 dPRD     

 L1. 0.00  0.01  -0.12  0.90  

 L2. 0.02*   0.01  1.85  0.07  

 L3. 0.02***   0.01  2.64  0.01  

      

 dEMP     

 L1. -0.04  0.15  -0.29  0.78  

 L2. -0.52***   0.10  -5.37  0.00  

 L3. -0.02  0.13  -0.13  0.90  

      

 dSEM     

 L1. 0.00  0.01  -0.45  0.65  

 L2. 0.00  0.01  -0.16  0.88  

 L3. 0.00  0.01  -0.35  0.73  

      

 dIRM     

 L1. 0.03  0.02  1.54  0.13  

 L2. -0.01  0.02  -0.40  0.69  

 L3. -0.06***   0.02  -3.03  0.00  

      

 _cons -0.06  0.07  -0.79  0.44  

      

dSEM      

 dPRD     

 L1. -0.08  0.21  -0.36  0.72  

 L2. -0.07  0.24  -0.28  0.78  

 L3. 0.39*   0.23  1.70  0.10  

      

 dEMP     

 L1. -3.12  3.88  -0.80  0.43  

 L2. 1.15  2.48  0.47  0.64  

 L3. -2.51  3.24  -0.77  0.44  

      

 dSEM     

 L1. 0.08  0.14  0.59  0.56  

 L2. -0.09  0.13  -0.71  0.48  

 L3. -0.41***   0.14  -3.02  0.00  

      

 dIRM     
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 L1. -0.04  0.51  -0.08  0.94  

 L2. -0.10  0.62  -0.15  0.88  

 L3. -0.82  0.54  -1.54  0.13  

      

 _cons 0.96  1.83  0.52  0.61  

      

dIRM      

 dPRD     

 L1. 0.10  0.09  1.08  0.29  

 L2. 0.00  0.10  0.01  0.99  

 L3. 0.35***   0.10  3.56  0.00  

      

 dEMP     

 L1. -2.81*   1.64  -1.71  0.09  

 L2. -0.45  1.05  -0.43  0.67  

 L3. -2.08  1.37  -1.52  0.14  

      

 dSEM     

 L1. 0.02  0.06  0.29  0.78  

 L2. 0.04  0.06  0.73  0.47  

 L3. -0.01  0.06  -0.18  0.86  

      

 dIRM     

 L1. -0.58***   0.21  -2.69  0.01  

 L2. -0.27  0.26  -1.03  0.31  

 L3. -0.63***   0.23  -2.78  0.01  

      

 _cons 1.02  0.78  1.32  0.19  

 

 

Covariance Matrix of errors 
 dPRD dEMP dSEM dIRM  

     

dPRD 174.17                

dEMP 1.41  0.24               

dSEM -26.80  -2.29  159.29              

dIRM 60.83  0.61  -6.23  28.50  

 

 

8.2  Romania ï Demand-side 
Equation Parms RMSE R-sq F P > F 

      



128 

 

dSAL 11.00  94.63  0.20  1.18  0.33  

dEMP 11.00  0.47  0.68  9.94  0.00  

dWAS 11.00  4.07  0.65  8.69  0.00  

dFOC 11.00  37.60  0.16  0.84  0.59  

dVAD 11.00  1.98 0.64  8.07  0.00  

      

      

  Coefficient Std. err. t P>t 

      

dSAL      

 dSAL     

 L1. -0.41***   0.15  -2.77  0.01  

 L2. -0.19  0.14  -1.40  0.17  

      

 dEMP     

 L1. -5.11  20.54  -0.25  0.81  

 L2. -10.54  22.77  -0.46  0.65  

      

 dWAS     

 L1. 0.29  2.76  0.11  0.92  

 L2. 0.54  2.76  0.20  0.85  

      

 dFOC     

 L1. -0.19  0.37  -0.52  0.60  

 L2. 0.24  0.38  0.62  0.54  

      

 dVAD     

 L1. 6.14  6.09  1.01  0.32  

 L2. -0.66  5.59  -0.12  0.91  

      

 _cons 2.40  12.64  0.19  0.85  

      

dEMP      

 dSAL     

 L1. 0.00*   0.00  -1.84  0.07  

 L2. 0.00  0.00  -1.60  0.12  

      

 dEMP     

 L1. -0.02  0.10  -0.16  0.88  

 L2. -0.41***   0.11  -3.65  0.00  

      

 dWAS     
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 L1. -0.03**   0.01  -2.03  0.05  

 L2. -0.01  0.01  -0.41  0.69  

      

 dFOC     

 L1. 0.00*   0.00  -1.77  0.08  

 L2. 0.00***   0.00  -2.65  0.01  

      

 dVAD     

 L1. -0.04  0.03  -1.31  0.20  

 L2. -0.04  0.03  -1.28  0.21  

      

 _cons 0.00  0.06  -0.02  0.98  

      

dWAS      

 dSAL     

 L1. 0.00  0.01  -0.02  0.98  

 L2. 0.00  0.01  0.67  0.51  

      

 dEMP     

 L1. 1.18  0.88  1.34  0.19  

 L2. 0.38  0.98  0.38  0.70  

      

 dWAS     

 L1. -0.40***   0.12  -3.38  0.00  

 L2. -0.55***   0.12  -4.68  0.00  

      

 dFOC     

 L1. 0.02  0.02  1.53  0.13  

 L2. -0.01  0.02  -0.66  0.51  

      

 dVAD     

 L1. 0.45*   0.26  1.73  0.09  

 L2. -0.62***   0.24  -2.56  0.01  

      

 _cons 0.19  0.54  0.34  0.73  

      

dFOC      

 dSAL     

 L1. 0.03  0.06  0.52  0.61  

 L2. 0.00  0.05  -0.01  0.99  

      

 dEMP     
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 L1. -7.34  8.16  -0.90  0.37  

 L2. 4.23  9.05  0.47  0.64  

      

 dWAS     

 L1. -0.52  1.10  -0.48  0.64  

 L2. -1.74  1.09  -1.59  0.12  

      

 dFOC     

 L1. 0.11  0.15  0.78  0.44  

 L2. -0.25  0.15  -1.65  0.11  

      

 dVAD     

 L1. 1.43  2.42  0.59  0.56  

 L2. -1.13  2.22  -0.51  0.61  

      

 _cons 3.01  5.02  0.60  0.55  

      

dVAD      

 dSAL     

 L1. 0.00  0.00  -0.51  0.61  

 L2. 0.00  0.00  -0.71  0.48  

      

 dEMP     

 L1. 1.42***   0.43  3.30  0.00  

 L2. -0.61  0.48  -1.27  0.21  

      

 dWAS     

 L1. 0.11*   0.06  1.92  0.06  

 L2. -0.10*   0.06  -1.81  0.08  

      

 dFOC     

 L1. -0.01*   0.01  -1.82  0.08  

 L2. 0.01*  0.01  1.87  0.07  

      

 dVAD     

 L1. -0.39***   0.13  -3.04  0.00  

 L2. -0.16  0.12  -1.34  0.19  

      

 _cons -0.06  0.26  -0.23  0.82  

 

 

Covariance Matrix of errors 
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 dSAL dEMP dWAS dFOC dVAD  

      

dSAL 8954.41                 

dEMP 8.59  0.22                

dWAS -8.28  0.38  16.59               

dFOC -415.63  -2.22  10.93  1413.49              

dVAD 4.98  -0.07  -1.96  -3.59  3.92  
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Appendix D: VAR Stability Test 

 

1. Bulgaria  

 

Supply-side                                   Demand-side 

 
 

 

2. Czechia 

Supply-side                             Demand-side  

 
 

 

 

3. Estonia 

Supply-side              Demand-side 
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4. Hungary 

Supply-side                         Demand-side 

 
 

 

 

 

 

 

 

 

 

5. Lithuania 

Supply-side            Demand-side 

 
 

 

 

 

 

 

 

6. Poland 

Supply-side              Demand-side 
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7. Romania 

Supply-side            Demand-side 
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