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Themainpurpose for writing this paper is tiiscuss some social and economic issue
about he COVID-19. As a person who is also part ofslglobal pandemic, | feel like
everything has changed a lot. And | believe some of the changes wélim@anent.

For the targeted industry, | choose automotive industry as it is a main part of the
manufactuing sector in the Central and Eastern European countries. The car industry
also contribute a lot to the GDP in these countBesides, the pandemic also hit the
global supply chain hard, which affect the imported materials used to build motor
vehicles.

By the time Ihad settled my thesis topic, there were not many researchers about the
COVID-19 and its effects on the automotive industry. Most optqeerabout the
influence of COVID19 were descriptivanalyses. Therefore, in my paper, | would

like to try to use statistical model to inspect the probl8m.| consulted many
researches who focused on the supply and demand shocks in previousucises

oil price crisis.l think analysing the factorisnpacting the production and sales of the
motor velicle would also be interesting.

The modelsed in this papes vector autoregressianodel, which is often used to
analyse shocks and to predict for future patterns. It could also illustrate the
relationship between factors and their lag terile targted countries include
Bulgaria, Czech Republic, Estonia, Hungary, Lithuania, Poland, and Romania. The
guarterly data ranges from the first quarter of 2007 to the fourth quarter of 2021.

This paper mainly would like to investigate thegiables that havsignificant impact

on the supplyand demand of motor vehicles, ahé impact of the COVIEL9 to the
automotive industry in the countried’e assume that all the variables of interest have
critical influence to the production and sales of cars respecti&aly we hypothesize
that the automotive industry will be hiafd during the lockdown ped.
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INTRODUCTION

In 2019, the appearance of the SAR&V-2 virus, also called the COVH29 or
coronavirus in this papemarkedt he begi nning of a change in
one at that time would imagine that the world and daily lives would be so different

because of this highly contagious respiratory virustlgjrde coronavirus has a fatal

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

infected. The COVIB19 has caused the death of 6.38 million people (WHO, 2022).

This disease is the largest and worst epidemic since the fllLé(A@am, 2022). In

addition to the impact on personal health, the CO¥@also significantly influences
society and the economy. The pandemic has
physically and psychologically. Mental health problem has becoreeesesissue 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 theevirus. Because

schools and universitiegereplaces 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 onlineesl&s®nsure 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 fimeial 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 thatglobal 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 holmecome the new

normal. Wearing masks and keeping tmeter social distances in public spaces are

now the unspoken rules in many regions. The global economy still has not fully
recovered from theatal hit, but it is good to see that the unemployment rate is almost
back to the prerisis 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 &istence of coronavirus, and countries are focusing on the
development in the posgpidemic era.



As mentioned before, the COVADO imposed a huge shock to the economy. More
specifically, many industries suffered significantly from this shock. The nrestiy
influenced industry must be the health sector. In many developed countries like the
UK and the US, their health care systemuld notcope with the flood of patients over

a short period. Less developed countries with already underdeveloped healthca
systemsavereeven 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
secbr 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 industrydelieve
the pawlemic outbreak strongly negatively influenced their daily work. Nevertheless,
some manufacturing sectors like mask producers, medical device manufacturers, and
essential product makers benedigreatly from the shock. (Harapko, 2021). The

impact of the sbcks 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 @rds, 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 toachieve 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 t he bdlavoarchanges aldte, peop!
during the pandemic. The McKinsey report shows that consumers would spend much
lessonnore ssent i al products. This is partly due
pandemic, and the enlarged uncertainty about the future made them want to save mor

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). Thdabourmarket directly influenagthe supply and demand of the

manufacturingndustry. During an epidemic, workengreunable to attend work for

government policy reasons or for health reasons, and their absengaftect the

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

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

causing a shift in their consumption structure, which furdifiectedthe demand for

products.

This thesis intends to put focus on the automotive industry in the central and eastern
European (CEE) countries arahalysethe impact of the COVID 19 shocks on the
supply and demand of motor vehicles. The reason for choosing the automotive
industry is thatthe manufacturing industry plays a huge part in most of the CEE
countries. Industrial pragttion 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 (CieSlik, 2021). Furtherm
countries has been developing quicklyecent years. The CEE countries are said to

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

economic resistance, cesffective human resources, and wathuctured and

attractive tax policies (Frank and Szeles, 2022)thdse external conditions provide

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

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

On the other hand, the choiceasfalysinghe 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, | have a great feeling about this
issue. Moreover, now in the pespidemic era, this thisshopefully 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 backgrourfdrimation 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 alsaged 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 metthagy 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. Finallyconclusion, 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.



CHAPTER 1



1.1Literature Review
1.1.1 Social and Economic Inpact of COVID-19

COVID -19introduce

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). @Guadg 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 C@\dior simplicity in

this essay, is a SARS variant that mainly damages the respirgsteynsand 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
mutaing since it was discovered, which makes it harder to control (Ray and Bollinger,
2022). ByJuly 25th, 2022, the COVIEL9 had spread to over 220 countries and
regions, affecting70 million people and causing4 million deaths (ECDC, 2022).
Moreover, thenumbers still seem to be nstopping.

COVID -19 social impact

Since the outbreak of the COWI®, the pandemic has affected the education

industry and brought greater concerns about poverty and mental health problems. To
reduce the infection among peopi@yst countries adopted the social distance policies
such as working from home, online teaching and learning to varying degrees.

The reduction of irperson contact between teachers and students in the education
industry led to declines in learning opporities 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 resourcesgiBalal., 2022). On the other

hand, the studies in Norway, primary and secondary schools showed that anly one
fourth of the teachers paid close attention to the students who needed extra help. The
teachers just implicitly assumed that parents would pakein the home teaching,

which led to unevenly distributed learning opportunitiesderici & Vika, 202].

Similarly, COVID-19 also hit the higher education systems hard. The International
Association of Universities (IAU) organization under UNESCO catetia survey

on the influences of COVID on higheducatiorsystems 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 cammesestopped due to concerns of
COVID-19, affecting over 1 billion students around the gldinéefnational

Association of Universitie2020). The challenges did not only come from the
cancellation of campus activitiesheonline teaching or soalled remote teaching
mechanism brouglgreat difficulties to the teaching methods and examination
arrangements. Both university students and professors have faced great ppessure
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adaptthe virtual teaching techniques in such a short time (Morales, Maado

Rojas, 2021). The remote exantinas 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). Ovdrdhe digital transformation in

universities is still ongoingMostinstitutions are adopting the hybrid teaching method
which combines both remote teaching angi@nson teaching, the performances of

this mechanism remain to be sebtciurtrie andOstrikov, 2021).

Additionally, the COVID19 has a fatal effect on the poor. According to the statistical
summary done by (Kharas, 2020), the number of peoplensisander the poverty

line has increased by over 140 million. Whatsworse, the enlarged povelgsues
caused by COVIEL9did not seem to be a shdadrm 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 th€ ID period.In

Africa, the death rateas 0.4% higher than the average, whigs likely due to the

low vaccination rate and high medical costs (Jordan, 2021). Pieces of evidence
showed that the pandemicda 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 COlAxccelerated the
insecurities of workers, especially informal workers and migrant workers. During the
lockdownperiod, the average decrease in wagasaround 23 % for informal

workers and 4% for formal workers. The wage loss directly discod@eeple from
getting proper medical treatment even after the vaccination program was initiated
(Dang, Lanjouw, and Vrijorg, 2021). For immigrants in India, over 70% of the

migrant workers @l not have stable housing and access to clean resources, according
to the survey done by Babu, et al. (2018). That meansabesliving in fear of high

risks of unemployment as wel$ getting infected

In addition, COVID19 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 peop
experiencing greater mental issues (OECD, 20Ri¢deteriorated menthealth
issueswverecaused indirectly bthe strictprevention measuresapde opl eb6s f ear
infection OECD, 2021)In OECD countries, the severity of anxiety, depression, and
othe mental health problemgerepositively correlated to the death rates and the
strictness of means of preventing infection (OECD, 2021). Other reasons that led to
the mental ilinesses include loneliness from the lockdown andssédtion, worries
about tnemployment, and rent paying (Marshall, Bibby and Abbs, 2020). Healthcare
workers constantly woddovertime due to the lack of medical staff. The stress from
work and imbalances between work and life caused healthcare workers, especially
front-line workes, to exhaustion (Naslund, et al., 2021). Moreover, because of
professional reasons and implicit guidelines, medical workergdsrad to seek help
when theywereexperiencing mental illnesses (Naslund, et al., 2021). According to

6
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research in Spain, ov80% of the people who suffered from mental issues were
women (Martin, et al., 2021). After introducing the wdrim-home measures to
guarantee social distancing, women whd piafessional jobs usually Hao take

care of the daily house chores at the saime. 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 unemploymagatand financial insecurity for
women. The world average unemployment for wonves 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 globakepidemic, the COVIEL9 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 was4.9% in 2020, whictwas the worst development situation since

1990 (World Bank, 2020; IMF, 2020). In the US market, the overall damage caused
by the COVIB19is more intense than the Global Financial Crisis in 2008 (Li, et al.,
2021). The CPIl inflation ratin 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 Bauef Labor Statistaics, 2020). The situation

in the Euro Area (EA)vas also severe. The GDP decline in thevis about 10% by
June 2020, greater than the 8% average rate in advanced countries (Ehnts and Paetz,
2021). The infected cases in the EA alstuerced the sovereign spread in an
undesired way, inferring the greater sovereign default risks imposed to the Eurozone
(CEPII, 2020). More importantly, the world economgs unlikely to return to the
preCOVID level in a very short time despite the grddeaovery from 2021, as the
pandemic is likely to have a loAgsting 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/ly% 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 growtie 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 mar ket condi $likethedS, iGarmady)6s maj o |
and China. By constructing tedttke 0shock fact:
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 witrieesed

greatest trade collapse during the pandemic, partly due to the loss of competitiveness



due to Brexit in the pr€OVID period (Du and Shepotylo, 2021). Policies also
contributel to the disruption in the trade sector.

In the research done by (Bekkergl&oopman, 2020), they intended to compare the
different trade effects under different spans of the pandemic and GO¥ID

prevention policies. Thengerethree types of the model introduced in this paper, V,

U, and L shapéseach representing differenO¥ID-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 tradecesfand GDP change®rethe
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 industrywas affected by the change in
trade policywas 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 edial 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 tradalready reached

135 billion dollars and 165 billion dollars, respectively, and the nunvaens

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 haglraised the
awareness for internalized production for countries to fight against CQYID

(Leibovici, Santacreu and Peake, 2020)

1.1.2 Supply and Demand Shocks

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

global eonomy, caused by shocks from both the swspde and demanside. 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 aher way. Changes in tax rates, interest rates,
consumerso6 willingness, and unempl oyment
demand disturbances (CFl, 2022). In the long run, a supply shock would increase the
uncertainties of the real GDP in some cowsrbut 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 C&¥Iprevention measures. Thestfape indicates a
very quick recovery from the pandemic; theshlape assumes the measures will bénlggor 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. @0ibspected 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 shockkesetfactors in the long
run.

There are many existing studies thatlysedhe impact of supply and demand

shocks before the COVHDI period. The oil industry is one of the sectofsnterest

since it is greatly sensible to supply and demand. KiliaQ9p6uggested 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 tipaesion in the

crude olil price in the US from 1975 to 2007. He developed the monthly index to
represent the gl obal economic movement
ocean freight rates, which captdthe demand in industries around the glotiee
exclusion of the exchange rate in the index could explain the activities more
straightforwardly. After disintegrating the shocks and comparing the movement of oll
production, and oil price to these shocks, Kilian (2009) discovered the varying
impactscaused by different kinds of shocks. Then, he used the vector autoregression
(VAR) model toanalysethe shocks on macroeconomic variables and their lagged
terms. In his findings, he criticized the implicit assumption of exogenous oil price in
previous findngs and emphasized the importance of the demand shocks in the
explanation of the endogenous oil price fluctuations. Likewise, Lutkepohl and

on

1

Net sunajev (2014) foll owed Kiliands approa:

switching in the residual covarie@s, 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
resul ts from Ki |lhatdeménd shockssrethe donimani(reagod 9 ) t
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 analysithe 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 distributiomvas used to distinguish the primary and seduential

information in each analysis, which helps to focus on different variables. The real
economic movementserecaptured by the changes in shipment costs, as introduced
by Kilian (2009). By studying the supply elasticity, demand elasticity, prastieity

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 derdand s
effect, including both consumption and inventory shocksndt seem to contribute
notably to the economic changes



Moreover, the supply and demand shocks within an industry might affect the stability
of other industries. Gas, as one of the fossld like crude oilyas 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 researcdsed the structuraéctor
autoregressiofSVAR) 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 fiuceiations assimilate

the oil price changes when facing the oil demand shock. The author believed the
reason for this cointegrated pattevas that oil and gawerecomplementary
consumptiorproducts. In another paper conducted by Nadal, Szklo and &ucen
(2017), they found that the shocks in the oil industeyeclosely 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 contealthe previous common understanding,

was likely to be caused by the low weight of oil in companies. Forhad and Alam
(2022) atterptedto look into the oil market disturbances to the prices in the food
industry using the Markov switching VARMIS-VAR) model. The results showed no
significant influence on the food price due to shocks in the oil market except for the
corn prices. Althagh the outcomes did not seem universalag important to detect

the crosssection 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 gugply 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 refstto the level of dominance ofrmaember within a supply chain
(El-Ansary and Stern, 1972). In this paper, the game tHessgd model consed of

a producer and a seller, the supply chain pavwasrallocated to the company, which
turnedto noncoordinated. The two kinds of shocks, simghel complex shocks,
wereboth 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 theidanef

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
demandshocks on other G7 countries from 1983 to 2015 in the quarterly interval. The
model used in this studyas a factor model which represents the shocks based on the
business cycle movement. To examine the transmission channels, the authors
analysedhe crosscountryspill overeffects 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 USddferent extents. Countries like Japan whigsless
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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 chasraring the shocks

Demand and supply shocks are proved to have implications on monetary union,
markupbehaviours and consumerso attitudes as well
looked into the supply and demand shocks in 4 Caribbean countries tottestify

opportunities to form a monetary union. The model results swegb@stilarities in

the aggregate demand and supply between the four countries in the medibuot ru

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 sheeksproved to have distinct effects on

the markugoehavioursn OECD countries. The markups are the spread between costs
andsales 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 menbned papers, the study conducted by Guntner and Linsbauer (2018)
focused on consumerso6 attitudes and expect .
and demand shocks. The authors initiated a
Consumer Sentiment (ICS) as frexy for the attitude patterns. The survey questions
concentrated on consumerso confidence and
the shock. Then, they quantified the results from 1 to 5 and adopted the VAR model.

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

Though, the consumevgeregenerally optimistic about the oil market for a short

period after the demand shocks, followed by pessimistic attitudes towards inflation,
unemployment, and government pglic
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1.2AUTOMOTIVE INDUSTRY

1.2.1 Shocks in theAutomotive I ndustry
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 suddehange 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 shockalso 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 ted4 fall until the beginning of

technology improvement in the 21st century (Matulka, 2014). The improved
technology ensured a lower cost in the higfality materials, especially the batteries
that are essential to electric cars (Ripin, 1995). Arounddhee time, the

development of hybrid fuel technology, which combifigels and electricity to drive
the car, led to a significant increase in hybrid car sales. As shawigurel, the

sales of electric cars and hybrid automotive witnessed substaoiahgn the past

ten years. The market share of gremergy 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

Global passenger vehicle sales outlook by drivetrain -
Economic Transition Scenario
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Sourcelrle (2021) Global EV Sales for 202EV Volumes Bloomberg NER2021)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 inFigure2. 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 forgreen energy cars.

12



The rising demand for electric vehiclesirates the need for semiconductor chips is
also increasingAlthough semiconductor chips are not only used in electric vehicles,
the more advanced electric cardl require more semiconduatechips(Smith, 2021).
The chip shortagkas seriougfluences to thear marketluring the pandemjc

causing delays to the car product{®eggett, 2022).

Supply shock is not often observed in the automotive industry. From folldviguge
3, it is nothard to tell that worldwide vehicle production has been steadily developing
from 2010 to 2017, except the slumps in 2008 and 2009

Figure 3

Estimated worldwide motor vehicle production from 2000 to 2020 (in million vehicles)
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Source: OICA, retrieved from Statista

The oil price changes indirecti;mposethe negative shock in the autonvetindustry.

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 ofténfou 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 likel&js#n, and Europe.

The mathematical modelassimple. The authors defidehe high oil price as $80

and $100 per barrel, and the profit for automakerscalculated by excluding fixed
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costs and variable costs from revenues. In all the major automatidegbion

markets, the productiomassensitive 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 deterioratediivhen
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 inflmees of oil price fluctuations on the European

Union's transportation sector. Using the tpariod analysis method, they arsgg

the linkages between crude oil prices and consumer price of fuels such as gasoline,
diesel, and autogas in the 27 EU membentaes. The tweperiod methodvas used

to differentiate the beforerisis performances and the pasisis ones. The

coefficients in the model represedthe longterm impacts, and the shdagrm

influences come from the causality test. The autfmansda strong positive

relationship between the price variables both befoises and after the crisis. The
results indicaté that oil price increase could be the reason for the changes in the
consumption pattern for transportation companies and other fyetduA similar

study about the crossector 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) fourideha
CO2 emission in transportation could decrease by almost 600 million tons if the oil
price returiedto the average level. The authors adopted ast@p seemingly

unrelated regression (SUR) on the energy prices and CO2 emission to investigate the
subgitution 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 aghey only took up 37% of the overall emission in China (Wang, Bai and
Xie, 2019) Despite thatmany researchetsave spottethe sensitivity of transport
services to the oil price shook a descriptive levéBaker,2008 Robinet, 201%

Figure4 showstherehas beem declining trend in automotive sales since 2@&L7.
demand crisis in the industryainly causes the decreas@omas (2019pelieved
that the weakening willingness to purchase in Cinasione of the reasons that to
thedrop inglobal asomotive demand, as Chimgs theworld'slargestmarketfor car
salesAs illustrated inFigure4, the annual sales in China saw a sharp decline from
2016,and the growth rate i@hina'sautomotive industrpecamenegativeafter then.
Thefall in importedcarsin Chinaalso suggestetthe demand shock. Frog®16 to
2017, the total amount ahportsin China dropped by nearly 9%nternational Trade
Administration, 202 Despite the slight recovery in 2018, the overall imparbunt
in China'sautomotive ilustrywas shrinkingThe shrinking China marketas also
threatening mar car manufacturing countries §kJS, JapargndSouth Korea
through the global value chainggstorm, 2018
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Figure 4

Growth rate of vehicle sales in China from 2010 to 2020
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In the meantimehie US car industry also witnessed a declingemand. Compared

to the sales in 2@l car sales in US dropped by 4.7%, causing a loss of arhtnd

million dollars(Burgess, 201)7 Nevertheless, theverall decline in the US market

was moderateas shownn Figure5. More specifically,he consumer sdé prefer
shiftedfrom normal passenger cars to sports utility vehicles (SUVsparkeup

trucks And the blooming of greeanergyvehicles caused a structural changthe

US automotive industrylhedeclining demand fofuel vehicleswaswithin

expectations.
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Figure 5

U.S. car sales from 1951 to 2021 (in million units)
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Source: BEARetrieved from Statista

Someacademicgointed outhat theglobal demandor automotive declines partly
due to policyrestrictions For instance, the increagitension irtrade between China
and US is one reason that leads todiap in demand i€hina’'sautomotive industry.
The automotive imports from US to China decreased #8241 to 145,761 units
between 2017 and 2018, causingss of about 50%jtemational Trade
Administration, 2022 As one of the big three companiegfie automotive industry,
Fordsuspended its trade plangh China due to thaccelerated trade tensiohor
and Li, 202). The trade war between China staitedarly2018 andieeriorated
later that yearThe US imposedstricter trade barriers and higher tariffs to protect
domestic products artieeconomy. China retaliated with similaracticesmaking
the tradeelationshiptense Anonymous, 202D The automotive industryas the top
rankedtradingbusiness ifboth countrieslt was hit very hard by the trade war.
2018, the tariffor US vehicle imports reached 40%, compared to db&uties for
other countriesG¢heng,2018. Jain and Saraswa2@19) gave a detailed descivat
analysisof the impact of the trade wanthe Chinese economyhey concludedhat
the trade wadamaged the overall les by 12%cawsing China'sslowest development
in the automotive industry since 2008hat is worse, therade war did nojust
imposebilateral nfluenceson theUS and Chinanarkets. It damaged tii®uropean
automotive industry as welAs a significantiutanakerand a close partner to Chjna
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Germany also suffereallot from theUS-China trade waiGermany's/ehicle exports
wereexpected to drop by 50%andtheimports of car parts would ald® seriously
disrupted Anonymous2019. Apart from the indirect impadf the USChina
tensionsthe European automotive industry was also hurt byrtue restrictions
directly from the US Liano, et al. (2020poked into the Europearehicleinputs and
outputsto disclose the intesector effect of US auto tariffhe model used in this
research was the SMART simulation model, developed by \AfidOused for market
performance analysi¥he aithors constructed three scenarios to simulate the
different tarifflevels and trade situatiorniBhey used the product trade effect to
measure the extent tifeinfluences of the US tarifAs expected,he results showed
significantlyreduced output anichcreased unemploymemt the Europeaautomotive
industry, especially Germanfrom the US tariffin addition,Kath and Ribberink
(2019)focused particularly othe trade of/ehiclesfrom Germany to U the
presence of high US import tariff. The fixedeffect modelwasused on the pandhata,
composedf import tariff, tradevalug and GDPfrom 1989 to 2015The outcomes
demonstrated eonsiderable negative relationship between the US tariff and
Germany'sxport valuewhichled to GDPdeclines for botltountries As shown
above policy changes are crucial to therformancen automotive industry

1.2.2 Effects of COVID-19 to theAutomotive Industry

Research hademonstrated thienpactsof atechnology shock, supply and demand
shock, and policy chgieson the automotive industry before COVID. Then, this
paper will try toanalysethese crises the automotive industrguring the pandemjc
focusing orsupply and demand shocks.

Undoubtedlysociety faces many obstacles in the pandemic, but digi@hhology is
growingatan unexpected speed the survey done by Mkanseyand Company, the
demand for online businesses and remote wortkasled to therapid development in
digital technology for industries. &Berge, et al.2020). Soluk, Kammerlandeand
Massis (2021also found hat the pandemiorought opportunities for family firms via
the adoption of digital technology. In the automotive indushey restrictions on
travel andcommutingadversely affect technological developmexg.the report
shows,mostmajorautomotive manufacturing compani&s their spendingn
research and developmdR&D) to sustaintheir operationsn 2020(Naujokatyte,
2021). However, a more recent survey in 2021 revealgdowth in theglobal
investments in R&Dn theautomotive industrgompared to theituationin 2020
(Anonymous, 202]1 Other than théechnologydeployment delagisplayed from the
R&D investment fluctuations, the COVADO did notspecifically putmuch pressure
on the technologin theautomotive mdustry However, electric vehiclesvhichwere
prevalent before the pandeméxperiencea less severe impact from the COVID
than ordinaryfuel cars The Bloomberg repodssumd a 5% less decrease in electric
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vehiclesthan ordinary onem 2021 McKerracher, et al., 2021And the report
pointed out the importance of greenergy vehicles in the recoverytbe automotive
industry inthepostCOVID era.

As for the supply odutomobilesthe lockdown measures largely influenced the
laboursupply microchip availability, andinternationakransportationThe
employmensituationdeteriorated a lot in the pandemic periodtheEU, over 42
percent of th@automakers were affected directly by t6OVID-19 (International
Labour Organization, 2020whichwas the worst situation thhit the automotive
industryafter the 2008 global financial crisisi{ernational Labour Organization,
2020. The ACEAsummarized data sh@dthatmore tharl million people in the
automotive industry were affected due to fagtshutdown andbckdown measures
(ACEA, 202Q. According to the Romanian automobile indusisgimatesonly 250
employees worked in April 2020 due to the lockdown measures, causing a 96%
decrease in productigBondoc and Jucatorup20). Lose Kwahene ad Yakobi
(2020)adopted the groundedeory method to uncover the relationships and
behavioursn the COVID-19 period.Forthe automotive industry, the author
concludedhat COVID-19largely influenced thenanufacturing workers, small and
mediumenterpries (SMEs)andsupply chainsraising issues fdousinesses and
stakeholderdn the descriptive analysis done by OECD, the automotive industry in
central and eastern European countries (CEECS) suffered during the first lockdown
(Klein, Hoj andMachlica, D21). The estimated decline in production was
approximately 20% in CEECs compared to 2019. The shutdown of car manufacturing
factories caused employetesbeunable to work, which further accounted for the
descending productivitfzigure 6demonstrated theumber of employees affected in
the automotive industry due to factory shutdamal productiorsuspension.
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Figure 6

Number of automotive industry jobs at risk from work stoppages amid coronavirus
pandemic in European markets as of March 2020
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Other than théabourshortage, decliningzorking hours due to social distangiled to
decreasegroductivity. Compared to th2019 statistics he overall hours worked
decreasedly 13.5% inthe second quarter of 2020ith most countriesindergoing
national lockdowr{(Dumitrescu2020. Thelabourshortage andeduced working
hourstogether caused catastrophic damage to the autonmoéimafacture.

Another issuénfluencing the car production procedureghis microchip shortage.
Semiconductor chips are the crucial material inmaking Theyare the essential
parts fortouchscreengemergency systemairbagsand many other parfer cars
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(Anonymous, 202)L Usually, acar uses 50 to 150 chifgiady, 202). The quantity
of semiconductochips requiredor electric cars rangédsom 1500 to 3000(heo,
20232. Asian factoriesaccount ér most chip productionslominating the market and
the global supply chaimhe Taiwan Semiconductor Manufacturing Comp&n$MC)
holds over half of theemiconductor production globally&dav, 2021

Similar to other manufacturinfgctories, the semicwluctor factories faceldrgescale
shutdownsn 2019 and 2020 due pandemic prevention measur@gcording to the
McKinsey estimationsemiconductor production declined by 5 to 15% in 2020
compared to thpreviousyear'sfigure Bauer, et al., 2090Despite the recovery of
microchip production in 2021, the automotive industeg still expected to endure a
loss of over 20Willion dollars Marinova and Bitri 2021)examined the microchip
shortage due to the pandemite statistics from the paper shovikdt the
unforeseeinigh demand fomicrochips in theautomotive industrynade the impact
of chip shortage more sevdhan expected. Majarompanies like Volkswagen and
Teslawereall saidto encounter production difficultiesused by lack of chips.Wu,
Zhang and Du (281) also mentioned that the mismatchesween the demand in
automobilemanufacturers anchip makersverealso one reasaihat hindered car
production.As microchipsneededn theautomobile industry only accounted for 12%
of the totalproduction,when the pandemslowed down the production procedure,
theautomobilesectorcould notget enough chips whether major industries came
first (Wu, Zhang and Du, 2021

Meanwhile themass chip shortageade companies and manufacturersvduate
their strategies and planSlost semiconductor companitescusedon structural
adjustmerg andsourcing strategies toeet highdemand goaléBauer, et al 2020.
Experts in the technology industry suggestetcompaniesouldproduce chips
locally rather than importingp compensatéor future unforeseeaupply shocksKord,
2021). Jiang, Shu and Song (202drpposed a method to replace currently used chips
with otheravailablechips at extra coste meet demand. The authors uslee robust
maxmin optimization strategy to evaluate thposal'deasibility. They intended to
testwhether the solution iorth easing supply chain disruptiort®urkinds of costs
wereincluded in thestudy substitution inventory, acquisitiorand emergency costs
whichwereall included in theoptimization problem. Theobustmodel results
showed thathe benefits of using substitute chips for automotive madaegnore
significantthanthe costs incurrednferring theproposal'seasibility duringsupply
chain dsruptions. However, tharticle only inspected th&upply chain problems
experienced by certain microchigheimpacton global supply chains imposed on
globaldisruptions like the COVIELY. In that caseysing alternative chipsiaynotbe
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 (Ewstat, 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 estimatd 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 firstave lockdown, using the exponential smoothing

model with lags and predictions. Only intE&) trade was included in the study.

The study results illustrated the close linkages between the pandemic's severity and
transportation activities. In April and Mathe 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 they®ar range (Lacka

and Supron, 2021). Similar studies were done in tlar@bia 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 timgerarto 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 freighgteated 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 ofontainerss anothereasorfor low freight ratesContainer
shippingcovered 90% of the dry cargo transpgKsgian, Nomikos and Zhou, 2021
Metal, oil, fabrics and other raw materials fautomotivemanufacturing arshipped
in containersonnelly, 202). Figure 7demonstrated theost of container shipping
from 2019 to 2021.
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Figure 7

Global container freight rate index from July 2019 to January 2022 (in U.S. dollars)
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The price did notausefluctuation in 2020but the cost in 202lvas526% higher
thantheprevious yearNlerwe, 202). Container shipping pricesigged in 2021as
cargocontaineriled up in 2020leadng to extremely high shipping demand
(Anonymous, 202)L Kilian, Nomikos and Zhou (2028nalysedhe container trade
in North Americacorresponding to business fluctuatiohbe authos added contaier
trade to macroeconomic analysis to explain their relationships. They emphasized the
complexityof container shipping, as the timing and levetibinges in domestic
demand and foreign demand differed. The results suggested that thegus
decline wasaffected by consumption decrease, whdolrelated to theontainer
market shock They expecté the container shipping values would increasee the
business recovered.

Notteboom, Pallis and Rodrigue (20Zbmpared the container shipping situation in
COVID-19 pandemic tahe 2008 financial crisisTheauthor used datacluding
shipping operations statistics, port demaiasishipping line detailo illustrate the
inter-correlated relationshiga the supply chainThe author concluded that the
COVID-19placed externahockson container shipping, which further caused supply
chain disruptionsThe numberof containersould notmeet the high demand both
COVID-19 andtheglobal financial crisis. However, the pandemic influenced the
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shipping linesand thecontainer capacitiesvhile shipping routes were left unaffected
by financial crisis.

Alternatively,theimpact of demand shocksay notbeassignificant as the supply

shocksbutis highly correlated to the loss of revenu€ke auto sales in ghEUare

shown inFigure 8 Theindex was measurdzhsed orsales in 2015The sales of

motorvehicles hit bottom in the third quarter of 2020 onl'y 84 . 9% of 20150
Yet, in April 202Q only 270 hundred passengers ware registered according to the

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

Figure 8
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Brinca, Duarte and Faria (202@)plemented the structural vector autoregression

model todecompose the Ulbourmarket'ssupply shock andeinand shocks'he
resultsshowed thatthe manufacturingndustry experiencegreatlabourdemand

shocks imApril when the lockdown measuregrefully adoptedMandatory stayat-

home actionprevented people froparticipatingin activities, which is theare

reason for the demand shodlheresult was not surprising. The OECD report showed
thattheaveragaemote working raten six OECD countrieseached 70% in

information and communication servi¢c@gile manufacturing and transportation

industries had lower teleworking rate of 15%ECD, 202}. Working from home

reduced the need foehiclestocommutand peopl eGaspudtrasdn r e f or
2020, the casales in the European area shrunk by 25% approximbatying to 3

million fewer car salesompared to 2018Anonymous, 202 In the USthe

lockdown was extrapolated to have caused pdicendrop in car uself the working

from home policy and social distancing measure contiriesjillion carswill not be

needed in the US-(eming, 202). McKinsey and Company conducte®-aound

survey in May and June 2020 to study consu
surveycoveredsevencountries withtop car usageyith over ten thousand

participantsThe results showed that the car purchasing tireftioe sevencountries

was similarConsumer 6s wi | | declimpd adter the GQYID ghoak.c h a s e
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More specifically, thgopurchasing intentiodecrease in May but slightly recovered in
June Onethird of survey participants said they would be reluctarbuy a car
because they wanted to cut down on unnecessary exgémsgg/mous, 20Q).

The gsuirvey resultdint at another reason for fallingehicle demandower disposable
income.In the EU,areal wage decline was observed in many countries, mkest |
caused by highe unemployment rateeduced overtimbours,andincreased part

time or shorttime working rate ©@scar, 202L Moreover, thempact onwages

differed in industriesage groupsand genders. For instangesople working in
restaurantshotels and entertaiment venues experienced the highest wage decline in
most EU countriesomen and young workers also received lowagesthan others
(Oscar, 2021 However, the Internationdlabour Organization statistics also revealed
wageincreassin some countries, such Hsingary, Serbiagt cetera (Koop, 202).

After all, awagedecreaseid not onlynecessarily mean that peoplerepoorer.
Insteadabout 40% othe wage drojin Europewascompensated by subsididsop,
2021).
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CHAPTER 2
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2.1 ResearciQuestions& Hypothesis

This papeintendsto examine the factors that have significant impaantthe

automobile industry. In the meantime, this paper is trying to find out the performances
of the motor vehicle industries in ¢ated countries when experiencing shocks. The
focus will be on the production and sales of motor vehicl@gdinidual countries

rather tharanalysingthe countries as a whole. This is because the countries can be
studied in more detail when discussedividually, 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 sattion at the time of the epidemic, discuss the
epidemic's impact, and provide some insights into the development of the industry in
the postepidemic era.

Thefollowing hypotheses will be proposed and testedhe above research

guestionsFirstly, thepaper assumes thamploymentjmported semiconductor chips,

and importedaw materialsll significantlyimpactmotor vehicleproduction As for

the demand sidemploymentwagesand salaries, valdaddedwill havea crucial
influence.Particularly, wewould expect the psychological factofear of contagion,

would influence peopledbs demand for motor

Secondly, in this paper, the impact of the COMI®pandemic might be similar for
the automobile industry in the targeted CEE ¢oas, as the economic structure
between countries is quite similar.

Finally, the articlehypothesizeshat theCOVID-19 pandemic willmost seriouslyit

themotor vehicle markewvheneach country amounces lockdown measurd@he
asumption will beexamired by looking at thérend of eaclindicator.
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2.2 Data Desciiption

The paper aims to focus on two sides of the economy: the ssiplelyand the
demandside. Therefore, factors that are crucial to both sides of the economy will be
examinedHowever, there may be an overlap of factors on both sides, such as
employment. Therefore, this paper intendanalysethe supply and demand shocks
separately. In other words, two sets of models will be generated to individually
investigate the supply artémand.

The analysis will be based on quarterly data ftbe?007 first quarter tahe 2021
fourth quarter.The targeted counés aresevenCEE countriesincluding Bulgaria,
the Czech Republi&stonia Hungary Lithuania,Poland andRomaniaThe cloice

of the targeted countries mainly is mainly based on the data availability, but also
depends on the timing of joining the ECzechia, Estonia, Hungary, Lithuansnd
Polandjoined the European Unian 2004, while Bulgaria andRomania joined EU
on the first day of 2007. Although ndear evidence aresearch hademonstrated the
effect of joining EU on the motor sector, tihhade between member countries
increasd significantly due to a more liberal trade polityK GOVERNMENT,

2022). Thereforejoining EU is assumed #&ffectthe production and trade of motor
vehiclesindirectly, thus affeting the analysis of the resulio eliminate the effect of
joining EUon imports and exports, this paper chod@37as the start point for
analysis

In this mper, most of the data used are all from EurosFatrostat 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
seasonly adjusted nor calendar adjustédjusted data, which eliminates the effects

of reoccurring events, are usually used to predict 2hoé trends. Unadjusted data,

on the other hand, contains all the information for the index, are typically used in
long-term forecastingU.S. Bureau of Labor Statistic8019. In this pape the main

reason for choosing the unadjusted data isuthatljusted datprovides a more
comprehensive dataset than adjusted. data&nsure the validity and accuracy of the
model results,a complete datasshould be preferred.

To start with, the suppigide analysis will focus on the influence of employment,
imported semiconductor chips, and raw materials on motor vehicle production.
Employment is a good proxy foneasurinqiumanresources in the industry, and the
imported materialare expected teeveal information on thphysical resources,
transportation and cargo situations.

Employment (EMP)n motor vehicle production gnavailable so this paper will use
guarterlyemployment inthe manufacturinghdustry as a representativiene

2The 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, includamgctive number of workers e
manufacturingndustry and selemployedpeople inmanufacturingEurostat, 2021
The indexis generated by usintpe 2015value as a baseline and comparing each
year o0s data with it.

The imported semiconductor chips (SEM) and raw materials (IRM) were retrieved
from the OMEXT database, which provides comprehensive data for international
trade in EU countries. Bothagistics were in monthly form for data consisteraryd
quarterly data using averages were generated for model computation. Specifically, the
imported semiconductor chips refer to semiconductor devices QANEEXT

database. Moreovehe imported raw ntarials include common materials for vehicle
production, such as rubber, aluminivemnd 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. Besj theéwo indicatorgepresent the
import values for semiconductor chips aad/ materialsather than the imported
volumes For simplicity, raw materials are in milliors euros, semiconductor chips

are inthousandsf euros.

The reason for sepamag imported raw materials and imported semiconductor chips

is to get a clearer view of the influence of the semiconductor shoAagh/singthe
imported raw materials could give us a general picture of the supply chain disruption.
Then focusing on semioductors will make us better understand this particular
material's impact.

Production of the vehiclg®RD)in this analysis includes the production of motor
vehicles, trailers, sentrailers, and other transport equipment. This unadjusted
guarterly volune 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 demandide, the fators of interest arbard to quantifyas theymostlyrelate to
consumerdoehaviour Themodelwill analysehe impact oemployment, wages and

salaries, valuadded and fear of contagioonthe sales omotor vehiclesSales

(SAL), whichrepresentshe demandor motorvehicles is thesalesturnover index
Employment{EMP) includes theaumber of persons working in theanufacturing

industry. Value added (VAPand wages and salarie&AS) are representeds the

percentage of domestic GDP. The above four factorallaretrieved from Eurostat in

unadjusted quarterly fornfrear of contagion (FOC) is a tricky variable, as there are

no academipaperghathavedoneresearchnto this factor by the time of writing.

This papemill use the countrevel Google Trend results basedsmvenkeywords

to represenpeople'dear of catagion. Theseverk ey wor ds i nclude 060COV
O0COMV1I®DOE6, O6Cor oonPaavnidreunsioc 6, 0 C-Q9I edhe atdoho6, oC
0 Cor onaviGoogke Trdndsaregpbodly the daily search results of the key

works Thereforethe fear of contagion (FO@)dicatoris obtained by adding up the

search results fall keywords thentaking the average get quarterly results.
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Moreover theresults obtained from Google Tremdisnot represent the search
volume. Insteadall results arescaled to 100 pointsyith highe pointsindicating
more frequent seareb.
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2.3 COVID -19 Policy Specification

As mentioned in the previous part, this papér analysehe impact of COVIBD19 on
thesupply and demand of automobiles in the sdaegeted central and eastern
European countriehe COVID-19 outbreak startedtthe end of therear 2019 in
China However it spread to the European countries at different tilSeswewill

look atthese seven targeted countries separdiéd/will befocusing on the

following parts in each countiiythe starting point of the outbreak, the length of the
lockdown, thdockdown restriction

In Bulgaria,thefirst confirmed case was identified in March 2020few days later,
as the number of casexreased rapidly, Bulgaria declaredentera state of
emergency on3h Marchfor one month until 18 April. All activities were
suspende in addition to the services required to main&erydaylife. So,
entertainmenvenuesandschoolswereall closed.andonly supermarketand
pharmaieswere still openThe fourteen days quarantipelicy was introducedt the
same timeAfter three daysthe Bulgarian government bannedddimestic and
internationakourism travelsuntil the end othe onemonth lockewn (International
Science Council, 2032Despite the fact thahe government announced state of
emergencyvould endin April, therestrictions were lifted in Maginternational
ScienceCouncil, 2022. However,most public services were stdhut davn even
though the restrictions were lifted. Schoalsppping mallsanddine-ins were still
closed Later that year, a second lockdown was imposed nationaNgvember 2020
and lastedintil January 2021liiternational Science Council, 202t March 221,
Bulgaria went through a third lockdown fabout ten days.

In theCzech Republic, the situations were similar to Bulgarieeemergency was
declarecaroundthe saméime as in Bulgaria, which i&2th March 2020Non-
essential public services, sct®andtravelingwere strictly forbidden. Also, people
were not allowed to go out freely during the lockdown petfachdamental Rights
Implication, 202(. Czech republievasalso the first European counto impose
mandatory wearing dacemaskeffectve in March 2020The first lockdowrin the
Czech Republic lasted unklay, with most restrictions lifte@Anonymous, 202D A
second lockdown was imposadCzech around November, but the measures were
mainly aimedat restriction crosbordertraveling(Cook, 202(, with indirect
influences on local businesses

Estoniadeclared its first lockdown in Mar020 and extendatto May. Public
gatherings were forbidden during the lockdewandforeigners were not allowed to
erter the bordeNo second lokdownwas announcedationally in Estonia, but in
November 2020the Estonian government recommended thatk could be done
remotely andhatsocial events shoulde canched (Uuskula, et al., 2022
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Hungaryalso announced the state of crisis in Mar@B® Similarpreventiondike
cancellation of public evenendin-personuniversityclasses werannounced first

Then the government limited the opening hour of restaurants a few days later. The
first lockdown lasted 54 days in Hungary (Kerekes, Badd&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 vadioeved. This policy lasted

until March 2021(Anonymous, 202

Lithuaniaintroduced thejuarantingolicy, travelingrestrictions and school

suspensions March 2020, and all the measulasted until June 2@ when some
restrictions were lifteqGovermrment of the Republic of Lithuania, 2020 he second

wave lockdown in Lithuania started at the end of November 2021. It was said to be a
threeweek preventiomeasurgbutsome 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 idclude
guarantine, flight cancellation, et cetera (Fundatal 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 institutiongagits for around
three weeks (Embassy of Ireland, Poland, 2020).

Romania banned all social activities except for essamtigdplacesandhealthneeds
to limit the spread of the pandentrecu, et al., 2021The first wave lockdown
lasted 52 dayfom March toMay 2020in RomaniaKerekes, Badeand Paun,
2021). In Novemberslightly less restricted lockdown measuyiesluding curfews
and school shutdownwere introduced again to combat the corona\i@lsrileasa,
2020. For the second lockdown,ahded about 30 days later.

The national policies regarding the COVID 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 measuredaken 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. Winat 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 onessiedan 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.

31



Therefore the critical poinin the paper will be March 2020, and we will also see how
variable changes after thae will also focus oiNovember 2020vhen the second
lockdownwasimposed. But we expect the automobile industrgufferthe most

from March and onwards.
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2.4 Methodology

To test the hypothesproposed, this paper will implement the vector autoregressive
(VAR) model to investigate the relationship between the factors. The VAR model is a
commonlyused statistical tool fanalysingdata's timeseries trends and forecasting.
The model includeshe 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 peys 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 conduct¢@y, 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 differaces in the assumptions or parameter choices across these models, but the
logicd which involvesanalysingooth lags and variablés is identical.This paper

will only use the most basic type of VAR modas it is sufficient for examining the

our problemsno detailed discussion of other kinds will be made here.

The paper will construct two VARodelsto examine thsupplysideanddemand
side oftheautomotive industry respectiv®n the supplyside the model contains
production (PRD)employmen{EMP), imported semiconductor chigSEM) and
imported raw materialdRM), and the lag terms of the variabl&be demandide
factors include sales of motor vehicles (SAL), employment (EMP), value added
(VAD), wages and salaries (WAS), and fear of contagion (FOC)

For theVAR model, each variable is a linear function of its lag terms and the lag
terms of other variabless illustrated below
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where' |, are the error terms of the variahlesd the lag§, j, k, h) are determined
later.

Also, the demandidevariableswith similar structureareshown below.
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Following thismethod, this papewill use $ataas the primary tool for the model
analysis Also, Excel will be used to visualize the tremithe statistics. The

procedire for VAR model analysis is as follows. Firstly, sienmary statistics about
each variable will be presentelhis includeshe means, standard deviations, and the
trendsof each variableThen,preliminary analysisike the stationarity teson the
time-series data will be performed to check digribution of the variable§ his step
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will be carried out irthe whole panehndin every targeted countrirhis paper will
usethe Imi PesaranShin (IPS) unit root tegor the panel dat&aCommon stationarity
testsfor panel data include IhfPresaranShin (2003), LevinLini Chu (2002, and
Fishertype (Choi 2001), which are all incorporated in Steflauskova and Wagner
(2005)compared the results of different types of unit root tests for panelTdata
resultsshowed that thperiodT matters for the performances and the validity of the
test resultsNeverthelesdor T > 50, theunit root tests would generate similar and
credible resultsThis paper'sjuarterly data ranges from 2007 to 202ith a total of

60 periods. Therefore, the choice of the unit root dests not maksignificant
differenceto the conclusion, according to the paper. We will be using the IPS test for
convenience, as this sy most frequently used methothe null hypothesis for the
IPStest is that unit roaexistsin the panel data. Thus, the stationarity test fails if we
accept the nulland we need tsolve the problem before proceeding to phienary

test.

For the stationarity test in an individual country, the Diekejler test isa commonly
used stationarity test for tirrseries models. The null hypothesis for Didkyller test

is that the data is not stationary. However, the DF test is only suitable for the first
order autoregressive modeAR(1) model, with higher order autocelation, the
assumption of white noise error will be violated, thus, affecting the validity of the
outcome. Therefore, theugmented DickeyFiller (ADF) will be used in this paper.

The updated form of the unit root test aims to provide accurate resutigerorder
autocorrelation model&imilarly, 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 aregtationay, 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 thetatmnarity
problem. Besides, the VAR model we will be conducting reqdimesnodel to be
stationary at first differences. So, we will try to see if the conditions can be satisfied.

After correcting the stationarity problertine VAR modeknd post analysesill be
carried outThe VAR model is relatively simpl@heoutcomesriom Stata will
include thecoefficients, standard deviatigriR-squared statistics, $tatistics, and
values ofall the lag termef thevariablesn themodel However, VAR outcomes
alone may not be enough to support the findikgsthe VAR model, thecrucial part
is the post analyses. Firstly, the stability test for the VAR migdeded to verify the
accuracy of the results. Then, the Granger causalityib&te conducted t@xamine
the causality relationships between variabidgerwards, we will perform tests to get
agraphical illustration of the impulsesponse relationships between variabbdes
identify the correlationsWe will be discussing the detai$ the test irthe following
parts
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CHAPTER 3
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3.1 Description ofResults

Table 1 summarizes each variable's summary statistics from both the-siggobnd
demandside 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 availéble 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 reults show thatost variablesiave substantiagtandard deviations
compared to their mean valyssich asales (SAL) Since theeconomy sizes of the
targeted countries vary, large deviatiamsnotor vehicle salelsetween countries can
bepretty standardBesides, the analysis will be conducted individyadiyd
disparities between countries will rggnificantlyimpact the resultdHowever, the
two indicators VAD and SAL, whichillustrate the manufacturing industcgnditions
in the countrieshave rehitively more minorfluctuations. Thisould be seen aspiece
of evidence that theconomicstructure, especially for thmanufacturingndustry, is
quite similaracross CEE countrieAnother variabléhatneeds to be mentioned the
fear of contagion (FOCwhich has a minimum value 6f and its standard deviations
are quite largeDue to thepeculiarities of tis data,jt only has significant valuefter
the outbreak of the pandemic, which is the first quarténeyear 2020. For the rest
of the time the valuemainlyfluctuatesbetweer0 to 1.

Table 1
Summary Statistics

Variable | Obs Mean S.D. Min Max
EMP 420 78.00 38.50 16.20 124.50
VAD 420 17.38 355 10.00 29.70
SAL 420 172.80 102.36 1.00 33800
PRD 416 97.51 34.72 33.80 275.00
WAS 420 33.74 4.20 22.70 5130
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-serges characteristics of the
variablesFigure 9 is the combined graph efich country'ime-series trendlor each
variable.The main interedn visualizing thetrend across the periods is to check the
trendof each variableoughly.Foremployment (EMP), value added (VAand
semiconductor chipESEM), thethree variableslid notexhibit any obvious upward or
downwardsloping trendn the ten countrieS'he graph representing sal&AL) is
guite messylt is hard to tell the trenftom the graphThere arggreat ups and downs
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in thesales for caain countrieswhich are caused by missing values in some periods.
For the rest of the variables, the graphewambiguous resultsnakingit hard to
distinguish thenovements at first sight.he value of imported raw materials in

Bulgaria, Estonia, andithuania are stable in the past fifteen years, but it exhibits an
upwardsloping trend in the other four countrid&everthelessspecific numerical
analysiss needed to determine the stationarity of the varialdesperform the IPS
stationarity test o the panel data, and the results show all the variables are stationary.
However, the focus of this paper will be on individual countries, sailvgresent

only theADF stationarity testesultsin each countrpeforeproceedingvith the VAR
analysisin this paper

Figure 9
Time-series Trend
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Source:Author generated; Stata results.

After arough look at the overall sample datag find thatmost of the variables in the
sample have dispersed val@esoss countrieshown in their largstandard
deviations.For the fear of contagion (FO@articularly, this figurefluctuatesaround

0 mostof thetime because theOVID-19 pandemic startednly after2020, which is
period52 on the plotBut this indicator has risen shargince the start of the
pandent, indicating the severimpactof the outbrealon people.Besidesthe time
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series plots for the panel daeeunclear no certain conclusion can be drawn at first
sight.

Vector Autoregression(VAR) Model

As mentioned in the methodology, this paigegoing to implement the basic VAR
model| which relieson the stationarity oéach variablewe will conduct the
AugmentedDickey-Fuller (ADF) stationarity test on each variable in each country,
then correcting the nestationary problenof variableby usang ther first-order
difference Subsequentlythe Augmentedickey-Fuller test will be repeated on the
new variables inhefirst-difference form tassure that the nestationarity problem is
solved.Below is a summary of the results of the stationaesgfor the variables in
Bulgaria

Table 2
AugmentedDickey-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 0.00x**
SAL -5.41 0.00** | dSAL -16.16 0.00x**
PRD -1.75 0.41 dPRD -9.25 0.00**
WAS -3.62 0.01** | dWAS -8.39 0.00x**
FOC -2.27 0.18 dFOC -7.80 0.00x**
IRM -8.60 0.00** | dIRM -29.00 0.00x**
SEM -2.11 0.24 dSEM -6.41 0.00**

Source:Author generatedStata reults.
Note: *: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.

Table 2 clarifies the-$tatistics and the-palue for theADF test results for the

variables themselves and the first difference if needed. The mdtlnsis 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 factBMP, VAD,
SAL, WAS, and IRMi are stationary in their original forms. &Ipvalues for the five
variables are less than 0.01. Therefore, the null hypotisesigectedat the 1%
significance levelwhichconfirms the variables' stationarity. The rest of the three
variables are noestationaryaccording to the tesbut the prblemis 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 andstationary variables

exists, then the autoregressive distrdallag 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 modktiig and to better interpret the

analysis results, all the variables will be in the fagterencingformT h e-6 6 dr e f i x

is added to all the variables to represent their first differefites for all the
countries, the supplgide model will be ioluding dPRD, dEMP, dIRM, and dSEM.
As for the variables in the demasiitle 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 aladertie 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 nostationarity 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 stationayiproblem for all the variables in all targeted countries

is necessary tohoose the optimal lags for each factoevwery caseStata

incorporatedhe lagorder selection command@rsoc , whichrevealsthree kinds of
statistics on the lag term§he theestatisticsaregenerated based dnk ai ke 6 s

i nformati on cr i t Bayasiannnfo(mAtiorCcliteriongBIC)yand z 6 s
the Hannan and Quinn information criteridt(). Theyall aim to test thgoodness

of fit of the model to the sample datdowever, the statistics differ in the way they

are calculated and tltkegree of relaxation of the measuremdfure details will be
provided below.

Akai keds information criterion (AI C) i
model selection as it isisto 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
(SBIC), also known as BIC in most papediffers 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 avestimation 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 chiarstics 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 optigel $econdly, 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 3summarizeshe optimal lagdor the three variablesnder the three criteria
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 2449 24.78 25.25
2 23.50 24.02 24.86
3 21.78 22.53 23.7%
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 20.4F 22.38% 25.47
Bulgaria: Demand-side
Lag AIC HQIC SBIC
0 34.14 34.21 34.33
1 31.35 31.79 32.4%
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: * representie optimal number of lags indicated under each criterion.

The two forms demonstrate the statistics in each criteriont8 lags in the
supplyside model and demasside model, respectively. For the supplgie model in
Bulgaria, the AIC and HQIC tteria suggest eight lags, while SBIC infers the optimal
number of lags of three. For the demaide model, the AIC and HQIC criteria
propose eight lags, while the SBIC criteria suggest one lag.

Table 4 summarizes the optimal ldgsthe supplyside anl demaneside models in
each country separately
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Table 40ptimal 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 supplyside model for each countwill look like this, where i
represent the optimal lags accordinghte SBIC criterion. For exampleé will be
equal to3 in Bulgaria and Romania, améquals to Xor the rest of the countries
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Similarly, the demaneide equations for the countries are listed below. The |
representshedesirable number of lags for the variabdesthedemaneéside in each
country. In Hungary and Poland, the number of lags included in the VAR model
should be3. Forthe rest of the countrieg should bel.
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Once wehaveconfirmed the model and solved the statidggroblem for each
variable it is time to proceed to theentralpart of the VAR analysisThe command
for VAR analysis in Statancludes three paristhe varspecification, the variables in
the model, and constraintsor instancethe supplyside anbysis in Bulgariaincludes
dPRD,dEMP, dSEMdIRM, and four lags of each variabM/e also add the
constraintgdfk small ~ to makeminor sample correctiong.able5 is an example of
the VAR model results for the supptyde model in Bulgaria

Table5: VAR 1T 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 SD. 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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DIRM

L2.
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dPRD
L1.
L2.
L3.

dEMP
L1.
L2.
L3.

dSEM
L1.
L2.
L3.

dIRM
L1.
L2.
L3.

_cons

dPRD
L1.
L2.
L3.

dEMP
L1.
L2.
L3.

dSEM
L1.
L2.
L3.

0.07
-0.05

-0.14~

-0.11
0.17
-0.10

-12.17
-6.41
0.76

0.18
0.06
-0.24

1.51
3.54
1.55

-0.77

0.02
0.03
0.05**

-0.06
0.10
1.03**

0.00
0.00
0.00
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0.05
0.04

0.06

0.32
0.30
0.34

11.11
10.10
8.62

0.15
0.15
0.15

2.37
3.85
3.04

4.57

0.01
0.01
0.01

0.47
0.43
0.37

0.01
0.01
0.01

1.37
-1.32

-2.41

-0.34
0.58
-0.31

-1.10
-0.63
0.09

1.19
0.42
-1.65

0.64
0.92
0.51

-0.17

1.60
2.06
3.40

-0.13
0.22
2.83

-0.21
-0.11
0.48

0.18
0.20

0.02

0.74
0.56
0.76

0.28
0.53
0.93

0.24
0.68
0.11

0.53
0.36
0.61

0.87

0.12
0.05
0.00

0.90
0.82
0.01

0.83
0.91
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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 atLl0% 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 (ASEM) in Bulgaria, with a high
p-value of0.84. The predicted errors of the production growth (dPRD) and
semiconductor chips growth (dASEM) shown by RMSE are also comparably large. The
change of employment (dEMP) and imported raw material changes (dIRM) are
significant at the 1% significant levélowever, 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 influenceheir current values.

We can also see from table 5 teame lag terms would caustectson the current
values of variables. For instance, the first two laggRRD anddEMP do not have
significantimpactson the growth of imported raw materials, thir third lag term
imposegritical influenceonthecurrent dIRM value.

The information that we can deduct from the VAR model directly is limited. We will
run some posinalysego investigatehe explanatory relationships between variables
later. Havever, it is necessary to check the error terms for the sigdyWVAR

model.

Table6 is the covariance matrix of errowghich specifies the correlation in errov8e

can see thdbr dPRD and dSEM, these twariables' errorare strongly correlated.
Thisindicates 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 demandideanalysis on the automobile industry in Bulgawa will perform
the VAR analysis the same as the sugtle model. The resulsseshown in table
and tables.

Table 7: VAR T 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 SD. 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
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dSAL
L1.

dEMP
L1.

dWAS
L1.

dFOC
L1.

dVAD
L1.

_cons

dSAL
L1.

dEMP
L1.

dWAS
L1.

dFOC
L1.

dVAD
L1.

_cons

dSAL
L1.

dEMP
L1.

0.00

-0.15

-0.08**

0.00

0,14

-0.03

0.00

2.83**

-0.20**

0.00

-1.01**

0.31

0.06

4.35
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0.00

0.13

0.02

0.00

0.04

0.07

0.00

0.50

0.08

0.01

0.16

0.26

0.06

12.68

-0.18

-1.12

-4.16

0.22

-3.30

-0.50

1.27

5.66

-2.57

0.58

-6.23

1.16

0.90

0.34

0.86

0.27

0.00

0.83

0.00

0.62

0.21

0.00

0.01

0.56

0.00

0.25

0.37
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DVAD

Source: Author generated; Stata results.

dWAS
L1.

dFOC
L1.

dVAD
L1.

_cons

dSAL

L1.

dEMP
L1.

dWAS
L1.

dFOC
L1.

dVAD
L1.

_cons

0.99

-0.04

-2.03

3.45

0.00

-0.12

0.37**

0.00

-0.22

-0.10

2.00

0.14

411

6.71

0.00

0.36

0.06

0.00

0.12

0.19

0.49

-0.26

-0.49

0.51

-0.55

-0.33

6.59

0.14

-1.94

-0.55

0.62

0.79

0.62

0.61

0.58

0.75

0.00

0.89

0.06

0.59

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 table7, we can findthatthe overallgrowth ofsaks employment, wageand
salaries, value added are statisticalfynificantat 1% Yet, the first difference of fear
of contagion is highly statistically insignificarfor the growth of motor vehicle sales
in Bulgaria its first past value imposessgnificantly negative impact on its current
value.But the lag terms of other variables do not seehat@ much information

about thesales growthFor employment in the automobile industry, when the wages
and salaries grow in the previous periods, theetiily employed number of people
would decline. Similarly, the growth in value added, which indicates the development
of the automobile industry, negatively influences employment graritihe other
hand,past developmenia employment, wages and salaii@and value added also
related to wages and salariesheautomobile industry in Bulgaria.

For fear of contagion, however, none of the variables showed significant influences
onits current valueFirstly, theinsignificantrelationships could comedm the

relatively short period ahe pandemic to the whole time range. Secorglg,o p| e 0 s
attitudes toward the COVH29 pandemicareunknown before 20, so the level of

dFOC fluctuates around O within mostp#riods.It is reasonable that we cannot find
variables that can explain or forecast fear of contagion from the analysis.

Theerror covariance matriix table8 shows that therror terms othe growth of

motor vehiclesalesand the differencen fear of contagion in Bulgaria are highly
correlatedwvith themselves. And the negative error correlation between dFOC and
dSAL ishigh in scale.

In short,table5 to table8 showa basic proceduref the VAR analysi®n the motor
vehicle supply and demamdividually, using Bulgaria as an examplehe est of the
results will be put irAppendix C, andnterpretations of the results fhreindividual
country will not be made her&his is because the VAR results could not reveal too
many detailswhich could help us identify the research questions. aheality
relationsand the forecasting relationshipstween variablethat this papeare
interested in will be presented in detailough the posanalysisBesidesif we look
at the crosgountry differencein motor vehicle production and sales sepelyfrom
the VAR model resultsve will see thatlmost all the countrigsave similar
insignificant situations as Bulgarigxcept that theritical variables that impact the
production and sales of cars in each country are different.

By comparing thesupplyside and demanside result@crosscountries, wdind that
theautomobile industrasdifferent situations across countries. Therefore, it is very
hard to generate an overall conclusion. Howeter growth rate of imported
semiconductor chipdoesnot seem tde a significant indicatdor themotor vehicle
production process most of the targeted countriéghis is probably becauske
imported semiconductor chips, which are a part of the imported raw mateoiald,
notexplain the productio growthwell by itself The shortage of raw materials during
the pandemic hasmore significaninfluence onautomobile production.
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On the other handhe past values of the targeted variables do not have many strong
impacts on the current values. Than be deducted from the small and insignificant
coefficients of the lag terms the resultsEspeciallyin the motor vehicle production
process, we do not find that the past values of produgtmnth employmengrowth,
andraw materialgrowth strongl influencethe production process all countries.

The situation differs a latthe countrylevel. Also, by comparing the covariance
matrices of errors for the productioelated variables the seven countrigs/e can

see thathe errors oproduction growth and semiconductor chip grovette highly
correlated with themselves.

Forthe demandide analysisgFOCwhich stands for the change of fear of contagion
is insignificant in the VAR model for all the countriés mentioned before, the fear
of contagion datdas some flaws, as the COVI® pandemidit the world not very
long since the time of writinglherefore, in the statistical model, itsignificance to
the overall automobile demandasceptable and reasonablet, the past values of
fear of contagion growth have some critical influerececurrent motor vehicle sales
in countries such a@be Czech RepubliandEstonia.lf we compareghe covariance
matriaes of errors irall countrieswe will see that the error of vehicle sales growth
andfear of contagion growth have strong positedf-correlation And the
correlationgn the error termsf the two variables argtrongly negative in all of the
targeted countries.

After the VAR analysiswe find thatin the supplyside model, the lag es do not
seem to havenany crucial causality effects on the variables. And thisuesfor all of
the targeted countries. On the demaitte model, wealso findthat other factors
across countries do not strongly influenice salegrowth rateof motorvehicles.
However, we willinvestigate the causality effect between the variables more
accurately by conducting the Grangausality test.

The Granger causality testnginly used to see if one tirseries variable igseful in
predicting the futurealue of other variable$\(ang, 201% When one variable is
Grangercause®thervariables, we will findsimilar patterns of the distribution of the
variables after some lagki(2020). The null hypothesis fahe Granger test is that
there is no Grangearausality relation between the variabl8s,the forecasting
relationship can only be proved by rejecting the null hypothesis.

Table 9 summarizes the Grangausality test results on the supplyge, and table 10
illustrates the demanrside outcomes. Ehtable only includes the variables that show
a significant Granger causality relationship with another. More specifically, the table
shows that the variables in the O0OExcl
in the OEquat i onb58(*q orllQ¥afinsigraficance Ravel( * * * ) |
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As the equations in each counémedifferent, it is very hard to generate an overall
conclusionfor the Granger causality relationship in the motor vehicle supply and
demandWe can only see that in all countries, variables are Granger causing the
values of imported semiconductor clymwth And as for our main interest, we
would like to see if there is ampmponent that could help explain the motor vehicle
production procesd.he results show that in Czechial&hd, and Estonia, the
imported raw material growth is Granger causing the production growth. And in
Hungary, semiconductor chips growth has@ranger causality effect on production
growth. As for other countries, we do not find any significant indreateat could
explain the production growth very weln the contrary, the production growttbes
seem tdhavea Granger causality effect on the rest of the variables in some countries.

Table 9: Granger Causality Testi Supply-side

Bulgaria Lithuania
Equation | Excluded | Significance | Equation | Excluded | Significance
dEMP dIRM ok dEMP dPRD *hx
dEMP All ok dEMP dIRM *
dIRM dPRD ol dEMP All ikl
dIRM dEMP el dIRM dPRD *
dIRM All ok

Poland
Czechia Equation | Excluded | Significance
Equation | Exduded | Significance | dPRD dIRM *
dPRD dIRM ok dIRM dPRD *hx
dEMP dSEM ok dIRM All *
Estonia Romania
Equation | Excluded | Significance | Equation | Excluded | Significance
dPRD dIRM * dEMP dPRD *
dIRM dPRD e dEMP dIRM ikl
dIRM dSEM * dEMP All *x
dIRM All ok dIRM dPRD *hx

dIRM All *
Hungary
Equation | Excluded | Significance
dPRD dSEM *
dEMP dIRM ok
dIRM4 All *x
dIRM dPRD *

Source: Author generated; Stata results.
Note: *: significant at 10% level; **: significant at 5%\el; ***: significant at 1% level.
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Table 10: Granger Causality Testi Demand-side

Bulgaria Czechia
Equation | Excluded | Significance | Equation | Excluded | Significance
dEMP dIRM2 ok dSAL dFOC *hx
dEMP dVAD ok dSAL All *hx
dEMP All ok dWAS dVAD ok
dWAS dEMP el dWAS All *hk
dWAS dVAD ok dVAD dWAS *hx
dWAS All ok dVAD dFOC *
dVAD dWAS el dVAD All ok
dVAD All ok

Hungary
Estonia Equation | Excluded | Significance
Equation | Excluded | Significance | dEMP dFOC *
dSAL dEMP * dEMP dVAD *
dSAL dWAS * dEMP All *hx
dSAL dFOC ok dWAS dEMP *hx
dSAL All el dWAS dFOC Frx
dEMP dVAD i dWAS dVAD ok
dWAS dVAD ok dWAS All *hx
dWAS All * dVAD dWAS *hx
dVAD dEMP * dVAD dFOC Frx
dVAD dWAS ok dVAD All ok
dVAD dFOC ok
dVAD All ok Poland

Equation | Excluded | Significance
Lithuania dWAS dEMP ok
Equation | Excluded | Significance | dWAS dFOC o
dEMP dWAS ok dWAS dVAD *hx
dWAS dVAD ok dWAS All *kk
dWAS All o dVAD dWAS ok
dVAD dWAS ok dVAD dFOC *
dVAD All ok dVAD All *
Romania
Equation | Excluded | Significance
dEMP dFOC ok
dEMP All ok
dWAS dVAD ok
dWAS All ok
dVAD dEMP ok
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dVAD dWAS ok
dVAD dFOC *
dVAD All ol

Source: Author generated; Stata results.

Note: *: significant at 10% level; **:ignificant at 5% level; ***: significant at 1% level.

The Granger causality test on the demaialg oftheautomobile industrghows

stronger relationships between variables. First ofrall)l of the countrieghe change

in employment, sales, valud@ded,and wagesand salariethe four variables are
Granger caused by one or more factoth@l0% significance leveindicating

forecasting relationships between thdsterminantsYet, only inthe Czech Republic

and Estoniaanwe find variables thaGranger causing the sales growth. In the rest of

the countriesno evidence is showrdditionally, it is surprising that the value added

growth, wages and salaries growth and employment grosxt Granger causality
effect pairwise.

Another post anadys that needs to be done is the stationarity test. Although all the
variables wereonverted into stationary forms before running the VAR model, it is
still necessary to test the overall model stabdgyit affects the validity of the model

results. Tado so, we willusethevarstable

procedure evaluates the eigenvaitability conditions to see if the VAR satisfies the
stationary condition. The results for the test results will be pippendix D.We can
see that threare all of the models have passed the stationarityTes is to say that

command incorporated in Stafiche

the VAR results generated avalid. If the var model did not pass the stationarity test,

then the results might not be trustworthy.

For the VAR models, one thing that ne¢édl$e 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 Statafthdunction

visualizes the change of one variable when ggpeing 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 htive growth ofenployment,imported
semiconductor chipgnd imported raw materials affect the productijoowth of
motor vehiclesAlso, how changes iremployment, wages and salaries, value added ,

fear

of

contagion

af fect

c on s u @kthes 6

targeted countries, we will hesingproductiongrowth (dPRD)and salegrowth
(dSAL) as the response variables and to see how they would ctoatigeeshocks in

the rest of the variableBigure10to figure 16 demonstrate the pawiserelationslips

between the indicators in all countridfie blue lines in the grapktow the

conditional forecasting relationship between variables in the countries, and the

shadows indicate the 95% confidence intesvheheadingsn the small graphs
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within eachfigure exhibit thecountry name, impulse variabkndresponse variable
in order.

Figure 10to figure12 describeheimpulseresponse relationstsfpetweerthe
supplyside factors in all countrieBor employment and motor vehigleoduction

we do notsee any strong correlation between the factors in the coufitne®ne
standard deviation shock employment growtldoesncot have any effect on the
motor vehicle production growth in Estonia, Hunganyd Polandluring the periods.
There are some smdilictuations in the rest of the countries, butéfffects are small.
In Bulgaria, Lithuania, anthe Czech Republicemployment growth would lead to
production growth in the first forecasting peridéeverthelesghe positive influence
either reversesrdades away in the following periodsspecially in Lithuania, the
impactconstantly changesjdicating the sensitivity of theroduction to employment.

The relationship between imported raw materials and production shown in Eigure

is notevident inmost 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 lewsbf 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, theffect is diminishing over the longer period. In Poland, the
fluctuations are strong and constant in the goginiods.

The growth of importedemiconductor chiplsas smaller effects on production
growth in the automobile industries in all countriessla®wvn in Figurd2. The
impulse response trendtine Czech Republic, Hungargnd Polandre similar.

There aresmallchanging effects in the first four periodhait theimpacts fade away to
zero after period2.

Overall, theimpulse responsaistributions of the variablesn the supplyside of the

automobile industrgo not suggesinysignificant forecasting effectsf the
component®nthe production growth.
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Figure13to figure16 shows the impulse response relation between the variables on

the demand side of the motor vehicle indudtrgm figurel3we can see that
employmentasa slightly more signiicant forecastingn motor vehicle sales

compared to its &ct on production shown in figud®. We can see that for Bulgaria,
Estonia, LithuaniaandRomaniaaone standard deviation increasehe growth of
manufacturing employment will cause decliimesehicle salegrowthin the first
period. And thedeclines bounce back soon in periodn2zhe Czech Republic, Poland
and Romania, employmedbesnot seem to contain much information about the

future growth of vehicle sales.

Fear of contagion ithevariablewith top interest in this articl&/e assume that fear
of contagion would influence the demand for motor vehicles in two aspastty,
or peopl eds

th e

gover nment

restrict.i
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thefrequencyof usingcars as they would go out less than before. On the other hand,
using publicransportwould increase the likelihood of getting infectathat

consumers may purchased userivate vehiclesnstead. From the impulse response
graphsillustrated in Figurel4 we can see thd¢ar of contagion has someak
forecastingeffect on the sales of motor vehiclgghin a short periodh Bulgaria,
Lithuanig and PolandThe speed afotor vehicle sales willecreasafter a shoclof

the fear of contagion growih the first period And the situatiorturns another way
around in the following period. Aftdour periods, the effect dies oufet, therest of
thecountries showdifferentresults.In CzechiaHungary andPoland, the influences
from fear of contagiotastlonger, and the fluctuations are larger.
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Figurel5illustrates the effect of one standard deviation change in the growth of value
added, to the motor vehicle sales growthBihgaria, 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 noydavious, 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 Figurel6. 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 rtmHungary, however, no fluctuations are shown
on the graph until period four.

Theimpulse response distributisof thefactor on the demansideto the growth of

motor vehicle sales in the targeted countreEns to be londastingcompared to the
supply-side situationsHowever,we are unable to generate an overall conclusion to
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summarize theituations in all the targeted CEE countries for lb#supplyside
and demandide of the automobile industry. Situations across countries differ a lot.

Figure 15 Figure 16

Source: Author generated; Stata results.

The impulseresponse models illustrate the situations of the automobile industry in
each country when experiencing different typeshmcks Figure 6showsthat

peopl ebs attitudes toward the pandemic
To get a moreletailedview of theinfluences of the COVIEL9 ontheautomobile

industry, we will comparéheevolution or the trends of eaghriable in each country
over the past few years (from 2017 to 2021je reason for choosing this subset

period rathethan the wholdéocused period ithatwe mainly would like to focus on

the influences of the pandemitherefore, wevanted to get a céer picture of the
changes from 2020 to 2021. By including too many time periods, the graph may look
very cluttered. Besides, if vanalysethe trends from 2007 to 2021, we also need to
pay a lot of attention to the 2008 global financial crasidits influencesonthe

following few years, whiclidoes not meet the purpose of this article. Thus, the five
year period is good enough achieve the goal

Figure 17 compares the evolution of the supgige variables in each countiyhe
critical point that wamentionedbefore,which is March 2020when all of the targeted
countries imposed lockdown policy at different levalsshown on the graphvould
be the first quarter of 2020. For all of the indicators on the stggé;motor vehicle
production, emplgment, imported raw materialand imported semiconductor chips
all experienced sharp declohin the second quarter of 20#0all of the targeted
countriesIn other words, introducing the COVIID9 prevention measuresrongly
suppressithe developmeraf automobileproduction inthe targeted CEE countries.
However, the automobile industry bounced back quickly in the sdzahdf 2020.
For Bulgariathe Czech Republic, Polandnd Romania, all indicators reteahto the
same level at the end of 2020.Estonia, thesupplyside situation in the automobile
industry turned out to be better tharthe preCOVID periods. We canbserve an
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obvious increasing trend after the fourth quarter of 2020 in all of the varidbles
second critical point webcusedon wasNovember 2020when 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 20RDEstonia, the indices reached a peak in
five years in 202(the fourth queer. However,soonit suffered from aremendously
hard hit and the employment the manufacturinghdustry, the imported raw
materials and imported semiconductor chipsly reached half of the values in
previous years from the start of 2021 and onwaxéverthelesspne thingthatneed

to be noticed is that the production in Estonia in 2021 is zdroad mean the
automobile industrgollapsed in 2021. The zero valuegsredue tothe unavailability
of the production data this year.

It is not hard ¢ find that the evolution of employment, imported raw materaadd
imported semiconductor chipesemblahe trend in automobile production in each
countryin the five yearsRemarkablythetrends ofchangesn the factors during the
pandemic, especiglthe lockdown periodare identicalTherefore, by just looking at
the graphs, we might say that ttrésis in employment, imported raw materiaad
imported semiconductor chips caused by the pandaralughly possible to have
some negative impact dhe production of motor vehiclés the severCEE countries.
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Figure 17
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Likewise, we also plot the evolutions of the variables on the desidedf the car
industry in each countriy 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 desigiend

of the industrydoes not coincide with the supptyde factors shown in Figufe'. 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 contagionyalue added, and wages and salaries have similar trends.

We can see that in all of the countrithe five factordhave similar shapes from the
start of 2017 to thend of 2019. From the first quarter of 2020 ythbegan tdehave
differently. Employmenthas similar shapds the sales chutomobilesn all of the
counties. Theyall started to decline from the first quarter of 2020 and reached the
bottom in the second quarter of 2020wd after that, they both recovered backhe
previous leveln the bllowing periodexcept for Lithuania and Polana Lithuania
and Poland, the latest statistics for car sal®not releaseatthe time of writing.
Therefore, the car salegereillustrated as zero in 202We coulddeductthat the
impact of the pandeimhas 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 thedt half of 2020, when the COVHD9 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 reaedthe maximumevel 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 theCOVID-19 started to spread in European countries and the governments
startedo announce national lockdowns, the indices of value added, wages and
salaries, and fear of contagion started to incrgesguallyand reached high level.

The evolution during the pandemic period is contrary to the sales of motor vehicles.
Theincreasan fear of contagion is reasonablée increase iwages and salaries
might be due to thgovernment subsidies for essential workadthe relaxed tax
policieslevied by governmentK(hteubl and Waidmann, 200t could alsobeled

by the decrease employment in thenanufacturingndustry. Theincreased/alue

added in thenanufacturingndustrycan be a bit confusingResearchersuggest that

the pandemic shouldwerthe value added in the factory countrig®fdalska and
Olczyk, 2023. One possild explanation for the increase is that the value added index
is generated as a percentage of GBéhce, the GDP might decrease to a greater
extent than the value addedhich leads t@nincrease in the index.

In summary, fronfigure B, we might say thahere is a positive correlation between
employment and motor vehicle sales in these countriese thefear of contagion,
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wages and salarieandvalue added in the automobile industry bpposite effects on
car sales.

Figure 18

Bulgaria Czech Republic
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Source: Author gnerated

From theabove analysesve couldsee thathe automobile industry in each country
behaved differently aftdseing hit by the pandemichis is probablypecauseach
countryhas adifferentstructure in the automobile industry,auntriesmayhave
differentabilities to withstand shockBy comparing the VAR model results in
individual countries, we can find that tberrelatiors between variableand their lag
termsdid not reveamany significant findingsWe can see that in each country, a fe
variables are strongly influenced by the lag tetihesnselve®r the lag terms of the
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other variablesYet, the criticaklements that influenced the production and sales in
each countryliffer a lot. From the posdnalyses, we could also see that tlaee

strong Granger causality relationships between variaHeseverwe could find the
variables that crucially influence the production or sales of motor vehicles in one or
two countries. Not all of countries exhilsignificantcausality relationshiplsetween
other factors to production and sales. Then, the graphs from the impulse response
functions also indicate the varying situations in countké¢s.might observe some
clear and enduring relationships betweentdéingetedelements on each side of the
industry and the production and demand of automobiles in other siabainno

general conclusions can be made.

In summary, the VAR model results dot show what we expected. We assume that,

at least in some countries, one or two elements would shomgstaorelations 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 redfpansens

suggest some variations in the growth of production and growth of sales of
automobiles from the shocks in the determinants.

Figurel7 and figure 8 give a more direct view of the impact of the pandemic on the
supplyside and demanside determmants in the automotive industry. We find the
supplyside factors evolve in a similar way both before and during the pandemic in all
countries. But the demarside factors show diversified distributions in recent years.

In most countries, both the supgsigle and the demarside of the automobile

industry returned back to the peasis level. However, in Estonia, the supglge

factors have not fully recovered from the influences of the pandemic. Furthermore, in
Lithuania and Poland, the number of peoptgking 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 factausead 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
pandemidhappenedhot long before the time of the writing, and the automotive
industry recovered quickly from the lockdown measures imposeth&onpact of

the pandemic might not be so significastthe pandemitappenednly recently, and
the length 6the lockdownis too short compared to the whal®e 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 gigantly impact the production and sales

of motor vehicles in countries. However, we only find one or two significant
indicators in each country's supgdigle or demandgide of the car industry. Moreover,
the situations between the targeted CEE courdifés a lot. Especially, fear of
contagion showsome weak shotterm indicating effects on car sales in Bulgaria,
Lithuania, and Poland. While in the rest of the countries, no clear forecasting
relationshipsaredetected. Finally, we generate the trehthe variables to compare

the changes during the COWD® 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 irfigignt VAR model results
would be due to the lack of available statistics and the relatively-t@nortdirect
influencing period from COVIEL9.
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CONCLUSION

From the above analysis, we inspect the automotive industry in seveal eiltr

eastern European countrie8ulgaria,the Czech Republic, Estonia, Hungary,
Lithuania, Poland, and Romaniaanalysethe production and demand for motor
vehicles from 2007 to 2021. We mainly would like to see the critical factors to the
supplyside and demandide 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
supplyside of the factor, we focused on both physical inputs and human resources.
The factorsncluded on the supplgide 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 ramaterials 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 alternatiftesl vehicles, the study of semiconductor chips
might impact the development of future vehicle production. On the demdeagdthis
paper assumes that car consumption depends on employment rate, wages and salaries,
value added to the automobile industnyd @he 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. Thers thesis adopthe vector autoregression
(VAR) method to construct models for both the supptlie and demanside analysis.
The VAR model is widely used #nalysehe impact of shocks and predict future
trends, which is a reasonable methodology for anis\g the research questions in

this paper. To ensure the model's stability and validity, all the factors are transformed
in the firstdifference form, representing the changes or growth of factors. One
obvious but understandable finding in the paperastie statistical results generated

at the countryfevel differs a lot. Yet, the results show that, on the supidly of the
automobile industry, the growth of employment and the changes in imported raw
materials are highly significant for the growthaoair production in almost all

countries. But the growth of semiconductor chips does not seem to explain the
production process too well. On the demaidk, the increase in wages and salaries
and growth in value added is highly significant in all countiiesertheless, 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 al® did the postanalysis 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 effeaf imported raw material changes to production
changes irthe 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, noseful evidence from the Granger causality test is shown. The
graphical illustration of the impulsesponse function shows how shocks in each
related factor would impact the production and sales of motor vehicles. Overall, not
many visible and longerm irfluences 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 statigtesailts 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 COMI®, 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 incomplagtissan the
postepidemic 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 papemid seem to have substantial
implications for the automotive industry in the Central and Eastern European
countries, we expect the methods of the analysis would $enodéreference values
for subsequent studies.
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APPENDICES
Appendix A: ADF Stationary Test

Bulgaria
Variable | t- p-value | First Difference | t-statistics(diff) | p-value(diff)
statistics
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 0.00x**
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 0.00x**
SEM -2.11 0.24 dSEM -6.41 0.00***
Czechia
Variable | t- p-value | First t- -
statistics Difference statistics(diff) | 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- p-value | First t- p-
statistics Difference statistics(diff) | 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 0.00x**
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- p-value | First t- p-
statistics Difference statistics(diff) | 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 0.00x**
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- p-value | First t- p-
statistics Difference statistics(diff) | 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- p-value | First t- p-
statistics Difference statistics(diff) | 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 0.00x**
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- p-value | First t- p-
statistics Difference statistics(diff) | value(diff)

EMP -4.80 0.00*** | dEMP -7.63 0.00+**
VAD -459 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 23.7%
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 20.4F 22.38% 25.47
Bulgaria: Demand-side
Lag AIC HQIC SBIC
0 34.14 34.21 34.33
1 31.35 31.79 32.4%
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: Supplyside
Lag AlIC 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 3002
7 25.69* 27.36 30.08
8 26.04 27.95 31.04
Czechia: Demandside
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 25.8
Estonia: Demandside
Lag AlIC 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 AlIC 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-sid

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: Demandside
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: Demandside
Lag AlIC 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

92



Appendix C: VAR Model Results

1.1Bulgaria 1 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. 2.15 541 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. 0.0+ 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. 155 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

1.2Bulgaria i Demandside

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

Coeficient | 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. 4.3 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 Czechial 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 Czechiai Demandside

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. 1.04k+* 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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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
3.1 Estoniai 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. 4.1% 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
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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 Estoniai 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. 11.8% 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
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L2. -0.66** 0.12 -5.47 0.00
dWAS
L1. 0.77 0.39 1.9 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
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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 i 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 0.30 151 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 i 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. -746 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

110



L3. -35.61* 17.97 -1.98 0.05
_cons 414 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 0.00 124 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. 1.0+ 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. 0.0 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

112




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. -0.19w* 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 i 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. 0.3% 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

115




| [_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 Lithuania i Demandside

Equdion 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. -0.277** 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 Polandi 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. 0.1% 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 i 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. 0.01x** 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

123




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 437231
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 Romaniai 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. 0.3% 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. -2.8I* 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 Romaniai Demand-side
Equation | Parms RMSE R-sq F P>F
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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. -0.0F 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
Eigenvalue Modulus Eigenvalue Modulus
-.8971846 .897185 -.B8108932 + .BOM3B49i .BB4482
.0133426 + .9656827i 865635 -.B8108932 - .BOM3B49i .BB4482
.8133426 - .96560271 .965695 -.6495531 .649553
-.Bl40901 .81409 -.4127821 412782
.2471576 + .75316341 .T9268 =.07208261 .B72083
.2471576 - .75316341 .79268
-.873208325 +  .747833i . 751407
-.873208325 -  .747833i . 751407
.4189321 + .46183671 .623536
.4189321 - .46183671 .623536
-.598036 .598836
-.4455919 .445592
2. Czechia
Supply-side Demandside
Eigenvalue Modulus Eigenvalue Modulus
-.1629824 + .69675441 . 715563 -.83439451 + .7779347i .778695
-.1629824 - .69675441 .715563 -.03439451 - .7779347i .778635
-.2983951 + .4488773i .539009 -.7063075 .786308
-.2983951 - .4488773i .539009 .4214354 .421435
.80480962 + .26029481 .260339 -.2646845 .264604
.00480962 - .26029481 .260339
.1892698 .18927
.85368444 .853684
3. Estonia
Supply-side Demand-side
Eigenvalue Modulus Eigenvalue Modulus
-.8168909 .816891 -.85618118 + .8804234i .882209
-.3996095 .39961 -.85618118 - .8804234i .882209
.2188851 .218885 .1535548 + .711824 . 727412
-.01757964 01758 .1535548 - .711824 . 727412
-.85130475 +  .535295i .537748
-.8513@8475 -  .535295i .537748
-.1895871 + .2904488i .346805
-.1895871 - .2904488i .346805
.1183785 + .1781448i .213886
.1183785 - .1781448i .213886
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4. Hungary

Supply-side Demand-side
Eigenvalue Modulus Eigenvalue Modulus
-.8260384 .826038 .80175266 + .9970161i .997018
-.2570137 + .09081877i .272588 .80175266 - .9970161i .997018
-.2570137 - .09081877i .272588 -.931886 .931886
-.084338657 .843387 -.8226274 .822627
-.7698556 + .2137523i1 . 798979
-.7698556 - .2137523i1 . 798979
.6131735 + .48446971 .781468
.6131735 - .48446971 .781468
-.1135117 + .75134744 . 759874
-.1135117 - .75134744 . 759874
-.1775837 + .5847915i1 .61116
-.1775837 - .5847915i1 .61116
.1472046 + .58522521 .603455
.1472046 - .58522521 .603455
.4325417 .432542
5. Lithuania
Supply-side Demand-side
Eigenvalue Modulus Eigenvalue Modulus
-.1176294 + .B256672i .834004 -.02152574 + .94380491 .94485
-.1176294 - .B256672i .834004 -.02152574 - .94380491 .94485
-.5711803 + .1183267i1 .58323 -.677349 677349
=.5711083 - .1183267i .58323 -.2702281 + .36760621 .456243
=.312282 + .4301513i .531555 -.2702281 - .36760621 .456243
=.312282 - .43015131 .531555 .419443 .419443
-265008 + .20817931 .333091 .141597 + .3094727i .340328
.265008 - .2017931 .333091 .141597 - .30947271 .340328
=.2546371 2548637
-.02769824 .B27698
6. Poland
Supply-side Demandside
Eigenvalue Modulus Eigenvalue Modulus
-.9566733 .956673 .B0220585 + .9998783i .999881
-.2270212 + .1569247i .275978 .B0220585 - .9998783i .999881
-.22708212 - .1569247i .275978 =.99098386 -990904
.05436928 .854369 -.087081005 + .B4948961 .852436
-.B87081005 - .B4948961 .852436
-.5418355 + .41896071 .684286
-.5418355 - .4189607i1 .684286
.2698721 + .5572445i1 .619155
.2698721 - .5572445i1 .619155
-.6116638 .611664
-.2571641 + .48009371 .544631
-.2571641 - .48009371 .544631
.440401 + .1520099i .465897
.4498481 - .1520099i1 . 465897
.2292467 .229247




7. Romania

Supply-side Demand-side
Eigenvalue Modulus Eigenvalue Modulus
-.02471684 + .91665861 .916992 -.03175552 + .919334 .919878
-.82471684 - .91665861 .916992 -.03175552 - .919334 .919878
-.8372916 + .004212491 .837302 -.1644985 + .6104893i .632263
-.8372916 - .004212491 .837302 -.1644985 - .6104893i .632263
.4286079 + .69444571 .816063 -.6142559 .614256
.4286079 - .6944457i .816063 -.1788284 + .4769839i .509405
.3308126 + .71157154 .784711 -.1788284 - .4769839i .509405
.3308126 - .71157154 .784711 .1014646 + .4335723i 445286
-.2329268 + .7095925i .746844 .1014646 - .4335723i .445286
-.2329268 - .7095925i .746844 .06244091 .062441
-.5609922 .560992
.2932884 .293288
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