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Abstract
The ob jective of this thesis is to analyze the impact of the electronic records

of sales (ERS) implemented on December 1, 2016, in the Czech Republic. The
ERS orders given entrepreneurs to use special cash boxes and to send data

about single sales to the Financial Authority immediately after each transac
tion. Experience shows that the ERS reduced tax evasion and the shadow
economy. This thesis fills a gap in literature as no study has yet examined the
impact of ERS on macroeconomic variables - gross domestic product (GDP)
per capita, unemployment rate and harmonized consumer price index (HCPI).

To analyze it I apply SCM by Abadie and Gardeazabal (2003), Abadie et al.
(2010) and Abadie et al. (2015) that proposes the way how to evaluate the im

pact of political interventions using a quantitative approach. Using data from
the Eurostat and OECD databases from Q1 2004-Q3 2019, the method allows

me to construct a counterfactual outcome for GDP per capita, unemployment

rate and HCPI in the absence of the implementation of the ERS. I also apply
the extension of original SCM - generalize synthetic control method by Xu
(2017) and augmented synthetic control method by Ben-Michael et al. (2018)

as robustness checks. Moreover, the interference procedures include the mod
ified confidence interval by Firpo and Possebom (2018) based on a uniformly

distributed probability of treatment across countries. The result suggests a
statistically significant positive effect of 2.3% on GDP per capita in 2018. The

overall effect on the unemployment rate and HCPI is not significantly different

from zero.

JEL Classification
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Abstrakt
Cílem teto diplomové práce je zanalyzovat dopad elektronické evidence tržeb

(EET), které byla v Ceské republice zavedena 1. prosince 2016 a které nařizuje
vybraným podnikatelům použévat speciélné elektronické pokladny. Tyto pok

ladny sloužzé k neprodlenéemu posélaéné dat o jednotlivyéch tržzbéach finanžcné spréavže
ihned po provedené transakce. Ukazuje se, žze zavedené EET vedlo ke snéžzené

žsedée ekonomiky, a zaérovenž i snižzené danžovéych uénikůu. Tato préace rozžsižruje hod
nocené dopadůu EET a zabyévéa se jako prvné dopadem na makroekonomickée

promžennée - hrubyé doméacé produkt (HDP) na obyvatele, méru nezamžestnanosti

a harmonizovanyé index spotžrebitelskyéch cen (HCPI). Analyéza je provedena pomocésyntetickée kontrolné metody (SCM), kterou pžredstavil Abadie and Gardeaz-

abal (2003), Abadie et al. (2010) a Abadie et al. (2015) a kteréa pžrinéažsé možznost,

jak ohodnotit dopad politickyéch intervencé pomocé kvantitativného pžréstupu.
Prostžrednictvém téeto metody a využzitém dat z Eurostatu a OECD databéaze za

obdobéQ1 2004-Q3 2019 je vytvožren hypotetickyé véyvoj HDP na obyvatele, méry

nezamžestnanosti a HCPI bez zavedené EET. K provžežrené spréavnosti vyéstupůu
jsou v praéci využzity rozžséžrené půuvodné SCM - generalizovanéa syntetickaé kontrolné metoda od Xu (2017) a rozžséžrenéa syntetickéa kontrolné metoda od Ben-

Michael et al. (2018), ale taktéežz modifikovanyé konfidenžcné interval podle Firpo
and Possebom (2018) založzenyé na stejnomžernže rozložzenée pravdžepodobnosti
ovlivnžené jednotlivyéch zemé vybranyéch k provedené analyézy danou udaélosté.

Véystup ukazuje, žze EET způusobilo statisticky vyéznamnyé néarůust HDP na oby
vatele, kteryé dosahoval v roce 2018 2.3%. Oproti tomu celkovéy dopad na méru

nezamžestnanosti a HCPI je statisticky nevyéznamnyé.
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Motivation Since December 1, 2016, the electronic records of sales started to be
implemented in the Czech Republic. It became the 16th country in Europe, which
started to implement a regulation of cash records. In the first stage, entrepreneurs
with code CZ-NACE 55, 56 (accommodation and catering) had to implement the
electronic records of sales. They were followed by entrepreneurs with code CZ-

NACE 45, 46, 47 (retailers and wholesalers). The third and fourth stages have been

suspended based on the decision of The Czech Constitutional Court on December 1,
2017.

The electronic records of sales are a controversial regulation that have a lot of
pros and cons. The dark side is that an increasing number of sub jects have stopped
their businesses. As well, it is condemned by entrepreneurs as a tool of bureaucracy

and a waste of time, which has to be used for developing their business. Nevertheless,

the main reason for implementing electronic records of sales was the reduction of the
shadow economy. The government considers it to be an efficient tool to reduce tax

evasion, which was very common and added up to about CZK 170 billion.1

Furthermore, this decision of policymakers is supposed to have a large impact on

macroeconomic indicators and on collecting taxes. The synthetic control method,
which will be used for analysis purposes in this thesis, helps us to find out the effect

of electronic records of sales on the gross domestic product (GDP) per capita, the
unemployment rate and the harmonized consumer price index (HCPI).

Hypotheses
Hypothesis #1: GDP per capita in the Czech Republic was influenced by the
1

Source: https://eet.money.cz/koho-se-tyka-elektronicka-evidence-trzeb
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implementation of the electronic records of sales and is supposed to increase
after it. As a consequence, the shadow economy decreased.

Hypothesis #2: The electronic records of sales influence the unemployment
rate and amount of social and health insurance paid in the Czech Republic.

Hypothesis #3: The electronic records of sales has a positive effect on the
HCPI.

Methodology The synthetic control method analysis was firstly introduced by

Abadie and Gargadeazabal (2003) in their paper called The Economic Costs of Con
flict: A Case Study of the Basque Country. Since then, the synthetic control method

was used in a number of papers analyzing the impact of political interventions on
economic prosperity. In the thesis, the synthetic control method allows us to de
termine the impact on given macroeconomic variables by changing the policy in the

Czech Republic.
Firstly, the time period will be chosen. In the next step, suitable countries for
comparison with the Czech Republic will be selected. Using given panel data, the
synthetic control method helps to analyze the impact of electronic records of sales on

given macroeconomic indicators. In the thesis, the synthetic control method will be

used, especially for the estimation of the effect on GDP per capita, the unemployment
rate and HCPI.

Expected Contribution The thesis answers the question of whether the electronic
records of sales influenced macroeconomic indicators and decreased the shadow econ

omy. Due to the statement of the Ministry of Finance of the Czech Republic, elec
tronic records of sales should cause the growth of 18 billion CZK in the sum of

value-added tax and income tax in 2020.2

The result of the thesis may have practical political implications and estimations

can be used for future modification of legislation. It should also be helpful for another

more detailed research paper.
Outline

1. Motivation and Introduction
2. Description of the Electronic Records of Sales
3. Literature Review
2 Source:
https://www.mfcr.cz/cs/aktualne/tiskove-zpravy/2018/prinosy-a-naklady-eetna-jednom-miste-32892
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4. Methodology: Describing of the synthetic control method, models which I will
use and its application to the given dataset

5. Description of Data

6. Empirical Results: Discussion of results
7. Conclusion: Summary of results and implication for the future political deci
sions
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Chapter 1
Introduction
On December 1, 2016, the electronic records of sales (ERS) system was intro
duced in the Czech Republic, and the first of four stages were implemented.
The first stage of ERS incorporated hotels, restaurants and boarding houses.

It was followed by the second stage implemented in March 2017 that incorpo
rated sales of vehicles, their parts and accessories, wholesale trade and retail

trade, except motor vehicles and motorcycles. The third and fourth stages were
suspended by the Czech Constitutional Court in 2017 and later again due to

the coronavirus pandemic. From the very beginning, ERS has been the subject
of many discussions because of uncertain impacts. The Financial Authority

assumes the higher collection of VAT, increases in income tax and health and

social insurance payments, and as consequence, the reduction of tax evasion
and the shadow economy. On the other hand, entrepreneurs suppose it to be

a tool of bureaucracy that requires additional expense and both in time and
money.
The objective of this thesis is to analyze the impact of the implementation
of ERS on macroeconomic predictors, such as gross domestic product per capita

(GDP per capita), unemployment rate and harmonized consumer price index
(HCPI) applying the synthetic control method (SCM). SCM was introduced by

Abadie and Gardeazabal (2003), Abadie et al. (2010) and Abadie et al. (2015)
and extended by many authors. The method allows us to put “qualitative flesh
on quantitative bones”(Abadie et al. 2015), which means that the SCM analysis

is applicable to comparative case studies with small samples and it proposes
a way of obtaining a quantitative inference. Hence, SCM is applicable to an
analysis of the effect of the implementation of ERS in the Czech Republic in

December 2016 and this thesis contributes to research by evaluating its impact
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on given macroeconomic variables.
The SCM is based on a comparison of outcomes that occurred and counterfactual outcomes that would have occurred in the absence of the imple

mentation of ERS. Firstly, countries with similar characteristics to the Czech
Republic, called a donor pool, are selected in compliance with data-driven pro
cedures. In the next step, applying SCM, we obtain the weights that describe
the power of given countries to predict the outcome of the Czech Republic be

fore the intervention. Consequently, the counterfactual outcome is composed

as a weight average of given countries.
In this thesis, we apply extensions of SCM, as well, such as, generalized syn
thetic control method (GSCM) by Xu (2017) and augmented synthetic control

method (ASCM) by Ben-Michael et al. (2018). Beside it, we use interference
procedures to validate the result. At first, we test the null hypothesis H0: There
is no effect of the implementation of ERS on given macroeconomic variable in

the Czech Republic and we construct a modified confidence interval proposed

by Firpo and Possebom (2018). Additionally, we perform the permutation test,
the in-time placebo test and the sensitivity test.

Our results show a statistically significant increase in GDP per capita due

to the implementation of ERS that was 2.3% in 2018. The effect of ERS on
the unemployment rate and the HCPI was neither positive nor negative. Nev

ertheless, we have to take into account other events and political interventions
that could influence the outcome since the GDP per capita and HCPI are sen

sitive to them. We consider the pumping of European Union funds, decrease

in consumption tax in December 2016, increases in the tax rate of tobacco or

changes in the price of oil.
The thesis is structured as follows: Chapter 2 covers ERS, the topics asso
ciated with it and the shadow economy. Then it summarizes ERS in European

Union countries. Chapter 3 covers the SCM introduced by Abadie (2003),

Abadie (2010) and Abadie (2015). At first, it recaps the application of SCM,
its extensions and the extensions of interference procedures, as well. In the

second part of this chapter the SCM, GSCM and ASCM are described in de

tail. Finally, we propose robustness checks to validate the results. The next

chapter, Chapter 4, summarizes data requirements followed by a description of

panel data selected for analysis. Follow-up Chapter 3 and Chapter 4, Chapter 5
shows the results of SCM analysis of GDP per capita, the unemployment rate

and HCPI and the interference procedures that are performed to verify given
results. Lastly, Chapter 6 summarizes the findings of this thesis.

Chapter 2
Review of Electronic Records of

Sales and its Impacts
The goal of this chapter is to introduce ERS in the Czech Republic. The first

part of this chapter covers ERS, its mechanism, pros and cons and the financial

benefits for the country. The following section describes ERS in the European

Union and their differences across countries. Finally, the terms shadow econ
omy and tax evasion are explained.

2.1

Electronic Records of Sales

On December 1, 2016, Act no. 112/2016 on Registration of Sales entered into
law and the first stage of the implementation of ERS was introduced. The Czech
Republic became the 16th country where entrepreneurs have to use special cash
registers.

There are two main reasons why ERS was introduced in the Czech Repub
lic. At first, ERS should reduce VAT evasion and the shadow economy. In

more detail, ERS is the system that connects entrepreneurs and the Financial
Authority through an electronic system. As the transaction's details are sent to

the Financial Authority immediately after the sales (only with an exception set
by Act on Registration of Sales), there is almost no possibility to manipulate

it. Thus, the Financial Authority knows about all sales, and as a consequence,
it may control the collecting of taxes related to it, especially VAT.

Second, ERS unifies market conditions for all entrepreneurs. Before the

implementation, honest entrepreneurs were at a disadvantage in comparison
with entrepreneurs who did not pay taxes, and accordingly, the prices of their
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goods and services could be lower. Therefore, the honest entrepreneurs were
penalized for their honesty.
According to the decision of the Czech government, ERS had been planned

to be implemented in four phases. As was mentioned earlier, the first phase
was introduced on December 1, 2016, and it has obliged entrepreneurs with

CZ-NACE 1 55,56 which includes accommodation and catering facilities to use
online cash registers. On December 1, 2016, about 40 thousand entrepreneurs
have started to use ERS (Levicková and Mickova 2017). The second stage was
implemented on March 1, 2017. ERS have been implemented by entrepreneurs

with CZ-NACE 45, 46 and 47. The third and fourth stage were suspended
to May 1, 2020, based on the decision of The Czech Constitutional Court on

December 15, 2017. Nonetheless, due to coronavirus pandemic in spring 2020,
it was suspended again. In Table 2.1, all CZ-NACE of entrepreneurs who had

to implement ERS and their short descriptions are reported.
Table 2.1: CZ-NACE implemented ERS

Stage

Date

CZ-NACE

First

December 2016

Second

March 2017

55
56
45.1
45.3
45.4

46
47
Third
Fourth

Characterization of CZ-NACE

Accommodation
Food and beverage service activities
Sale of motor vehicles
Sale of motor vehicle parts and accessories
Sale, maintenance and repair of mo
torcycles and related parts and accessories
Wholesale trade, except for motor
vehicles and motorcycles
Retail trade, except for motor vehi
cles and motorcycles

Suspended
Suspended

Source: Solitea (2017)

Now, let us move to the process of transactions using ERS. The process of
ERS starts at the moment when a person buys goods or services. In the next
step, the data about the given purchase is sent to the Financial Authority that

immediately sends back the transaction's code. Finally, the code is printed
1 CZ-NACE is the Czech classification of economic activities, each sector has number code
which identifies it.
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out on the receipt which the customer receives. If the connection to the server
fails, the entrepreneur has 48 hours to send data about a given purchase to the

Financial Authority (Financial Administration 2020).

To supervise it, an untraditional system is introduced that also exists in
Slovenia and Croatia (Marethová and Snopková 2018).

Not only does the

central authority check the compliance with the Act of Registration on Sales,
but also the public acts as supervision body thorough a receipt lottery. The
receipt lottery is based on recording the codes on receipts on the web. At

the end of every month, the winners are randomly selected from the entered
codes.

Prizes include car and amounts of money that add up to CZK 65

million per month (Marethováa and Snopkováa 2018). Nevertheless, more than

the possibility to win money or a car, it is a tool of the Financial Authority to
check whether entrepreneurs print receipts for every transaction.

2.2

Impacts of Electronic Records of Sales

The goal of this chapter is to discuss the pros and cons of ERS and its im

pacts on four subjects - financial institutions, employees, entrepreneurs and

customers.
Previously, we explained the benefits and motivation of the Financial Au
thority to introduce ERS. The main reason, why the Act on Registration of
Sales No. 112/2016 Coll. was passed, was to reduce the shadow economy and

tax evasion in the Czech Republic, as was mentioned earlier. The implemen
tation of this act also helps Financial Authority supervise entrepreneurs in a

better way, and conversely, it helps entrepreneurs communicate easier with the

Financial Authority.
Moreover, ERS affects the wages of some employees.

Before the imple

mentation, in many cases, wages of employees were at a legal minimum and
an additional part of wages were covered by revenue from not recorded sales.

Due to the implementation of ERS, it is not possible anymore (Levicková and

Micková 2017). Nevertheless, that has both negative and positive impacts for
employees. The employees and employers have to pay social and health insur
ance from an additional amount of wages. On the other hand, payments that

are dependent on wages are higher now, such as pension or sick pay.

Now, we introduce the pros and cons of the implementation of ERS for

entrepreneurs. We have to distinguish between small, medium and large en

trepreneurs because the effect of ERS is dependent on the size of the company.
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ERS means equal conditions for all entrepreneurs. Before its implementation,

there were entrepreneurs who paid taxes next to entrepreneurs who did not pay
any taxes. This situation was disadvantageous for tax payers. ERS guarantees

fairer conditions, as it was mentioned earlier. Consequently, ERS decreased the
profits of entrepreneurs who had cheated. That is why lots of entrepreneurs

had to raise the prices of goods and beverages in restaurants. As a result,
sales were cut and it led to an additional decrease in profit and to the closing
of many enterprises. On the other hand, fast food chains and international

restaurants are large companies that have gained the most because they had
followed the rules before ERS was implemented. Moreover, since some of the
smaller companies closed, customers had to change restaurants where they had

gone before. In many cases, people have started to go to food chains and

international restaurants (Stojaspal 2016).

Notice that medium and large entrepreneurs are ones which mainly benefit
from the implementation of ERS. ERS is a way in which entrepreneurs may
collect detailed data about their businesses. That leads to the possibility of
making decisions supported by data, developing the business or making prices

more realistic based on sales data in a given place.

On the contrary, for small entrepreneurs, ERS is a threat and negative
impacts predominate. Above all, necessary technical devices are costly and
also good know-how of the electronic system is needed. That is the reason why

lots of subjects stopped their business. Small entrepreneurs also argue that the
ERS is a burden of administration, which in many cases results in hindering

the business.
Finally, we discuss the impact on customers. As it was mentioned above,

mainly small entrepreneurs who had avoided paying taxes before the imple
mentation of ERS, had to increase prices for customers. As a consequence, the
consumption in restaurants and bars was supposed to decrease. Based on this

assumption, the Ministry of Finance reduced tax of restaurant services with
out alcoholic drinks and tobacco products from 21% to 15% in December 2016

(Levicková and Micková 2017). Nonetheless, ERS also has pros for customers

as they can take part in the receipt lottery and they can win a car or money
prizes.

2. Review of Electronic Records of Sales and its Impacts
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Financial Benefits of Electronic Records of Sales

ERS is supposed to increase the amount of collected VAT, income taxes and

social and health insurance since part of the wages were not reported before the
implementation of ERS. In this section, the estimation of the financial benefit

of ERS for the Czech Republic will be described. The source of data is a press

release published by the Ministry of Finance of the Czech Republic (2019).

Table 2.2 summarizes income earned by the Czech Republic due to ERS
in the years 2017 and 2018.

the change of tax rate.

Values are adjusted for economic growth and

As was mentioned earlier, in December 2016, the

consumption's tax rate on restaurant services without alcoholic drinks and
tobacco products decreased from 21% to 15%. Because of it, the VAT collection
was reduced by CZK 0.8 billion in 2017 (Zurovec 2018). Thus, the value of VAT

in 2017 in 2.2 is adjusted for a decrease of CZK 0.8 billion.
As Table 2.2 indicates, the total increase of income of VAT, corporate and

personal income tax and social and health insurance caused by the implemen

tation of the ERS was CZK 7.9 billion in 2017 and CZK 12.3 billion. The
largest part of this income was created by VAT in both years (CZK 4.7 billion

in 2017 and CZK 6.1 billion in 2018). The year to year rise is caused by the
sequential implementation of the since the first phase was implemented at the
end of the year 2016 and the second part in March 2017 as explained earlier.
Table 2.2: Financial income from ERS (billion CZK)
2017

2018

VAT
Corporate income tax
Personal income tax
Social and health insurance

4.7
0
1
2.2

6.1
1.9
1.5
2.8

TOTAL

7.9

12.3

Source: Ministry of Finance of the Czech Republic (2019)

2.4

Electronic Records of Sales in European Union

Only limited literature related to the ERS in European Union countries exists.
The papers usually summarize only the most interesting systems of the ERS in

given countries and papers do not give a comprehensive overview of the ERS in
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the European Union. The goal of this chapter is to summarize countries in the
European Union, where the ERS has been implemented. That is also essential

information for a section of a suitable donor pool for SCM analysis.

Table 2.3 presents the result ofthe author's research ofERS in the European

Union. Since the beginning of the year 2020, there are nineteen countries in
the European Union where the ERS is being used. ERS has been implemented
primarily in countries of Central, Southern and Eastern Europe where the

shadow economy is pretty high. Exceptions are Sweden, Belgium and Germany,
where ERS has started since 2020.

The first country in the world where ERS was implemented was Italy. ERS
started there in 1983. Nevertheless, the system was upgraded across years and

in 2017 changed to an online one. Italy was followed by Greece, where ERS

was enactmented in 1988. Not only European countries but also American and

African countries implemented the ERS around the year 2000, such as Kenya,
Etiopia, Tanzania, Brazil or Argentina and South Korea became in 2005 the
first country in Asia to implement ERS (Lovics et al. 2019).

Table 2.3: ERS in the European Union

Country

ERS

Country

ERS

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland

/
/
/
/
/
/

Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden

/
/
/

X
X
X
X
/
/
/

X
/

X
/
/
/
/
/

X
/

X

Note: /- ERS has been impelemented in given country, X - ERS has not been implemented

in given country
Source: Compilation of Smetáankova and Palaán (2015) and websites of the Ministry of
Finance of given countries

Notice that the government of a given country enacts ERS. That is the
reason why ERS is different across the countries. ERS can be in offline, online
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or hybrid form. The main difference is in the way of sending transactions to the
central authority of a given country. Lets move on to differences in types of the
ERS in detail. If the country provides an offline system of ERS, the inspectors

usually visit enterprises in their place of business to control the data in ”black
boxes” that is a term used for special cash registers. The main disadvantage

is the possibility of manipulating the sales enrolled in black boxes. The offline
system is implemented, for example, in Austria, Belgium, Latvia or Poland. 2

On the other hand, the online ERS is more transparent due to the direct
sending of data to the central financial authority with almost no possibility of

manipulation. The online system is implemented, for example, in the Czech
Republic, Croatia, Italy, Portugal, Romania, Slovakia or Slovenia.2 Neverthe

less, the hybrid ERS also exists. It is a combination of the previously mentioned
forms, online and offline form. The hybrid ERS is used in Hungary, where the

data is sent in parts to the central financial authority and special SIM cards
are used for this purpose. Nonetheless, as explained above, ERS is regulated

by the law of a given country and because of it also online, offline and hybrid
versions of ERS vary across countries.
The Czech ERS system is based mainly on experience with ERS in Croatia,

where it was implemented on 1 January, 2013. In the first stage, only hotels,
restaurants and small or medium-sized companies were obliged to use special

cash boxes. The implementation of the ERS in Croatia caused around 10% to

15% decrease in the number of sellers. Moreover, VAT increased from HRK 28
billion in 2013 to HRK 43 billion in 2015 (Levicckováa and Micckováa 2017). Even
so, one in three entrepreneurs in Croatia still tries to avoid tax duties despite

the threat of a high penalty (Levicckováa and Micckováa 2017). We also describe
the main differences of ERS in Croatia and the Czech Republic. Unlike in the
Czech Republic, the receipt in Croatia includes more details such as the name

of the employee who prints it. That is considered as a weapon against illegal
employment. Another difference is in fines. Fines in the Czech Republic are

up to CZK 500 000, which is approximately 3.5 times less than in Croatia.

Finally, entrepreneurs in Croatia have to buy authorization certificates every

five years, however, it is not a financial burden for them as they cost only HRK
300 (Marethováa and Snopkováa 2018).
2Source: Compilation of Smetánková and Palán (2015) and websites of the Ministry of
Finance of given countries.
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Shadow Economy and Tax Evasion

This section explores the shadow economy, focusing on tax evasion and the VAT
gap, which is closely linked to the reason why ERS has been implemented in the

Czech Republic. Nevertheless, estimating the shadow economy is challenging

because it is trying to “know the unknowing.” At first, it is important to
clarify the difference between terms, shadow economy and grey economy. The

grey economy is semi-legal. For example, in relation to the tax system, the
grey economy is based on tax engineering that leads to lower taxes. On the

contrary, the shadow economy is illegal. We consider the definition by Medina
and Schneider (2018):
The shadow economy includes all economic activities which are hid

den from official authorities for monetary, regulatory, and institu
tional reasons. Monetary reasons include avoiding paying taxes and
all social security contributions, regulatory reasons include avoiding

governmental bureaucracy or the burden of regulatory framework,
while institutional reasons include corruption law, the quality of

political institutions and weak rule of law.

In general, the shadow economy is higher in developing countries (41% of
GDP on average) in comparison with transition countries (38% on average) and
OECD, where the average shadow rate is 17% of GDP per capita (Schneider

2005). For evaluation of the shadow economy in the European Union and the
Czech Republic we use results by Medina and Schneider (2018) who used the
MIMIC approach.3 Figure 2.1(a) shows the size of the shadow economy in the

Czech Republic from 2004 to 2015 that is given by the ratio of shadow economy

to GDP by Medina and Schneider (2018). During given years the size of the

shadow economy was slowly decreasing from 15.75% of GDP in 2004 to 10.47%
of GDP in 2015. In comparison with 24 countries in European Union4 (Figure
2.1(b)), the size of the shadow economy in the Czech Republic is lower about

6.75% than the average of shadow economy in 24 European Union countries.

The shadow economy is closely linked to tax evasion. Notice that the term

tax evasion and tax avoidance are important to distinguish. Tax avoidance is
semi-legal based on conscious minimization of taxes and is a part of the grey
3 Notice that as the shadow economy is not easy to measure, the results differ across the
papers.
4 Medina and Schneider (2018) computed shadow economy only for selected countries.
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Figure 2.1: Shadow economy in the Czech Republic and the European
union (percentage of GDP)
1. Cyprus

2. Malta

3. Greece
4. Italy

5. Croatia
6. Romania
7. Bulgaria
8. Hungary
9. Slovenia

10. Lithuania

11. Estonia
12. Portugal

13. Belgium
14. Poland
15. Latvia
16. Denmark
17. Finland
18. France
19. Slovakia
20. Czech Rep.

21. Luxembourg
22. Ireland

23. Austria

24. Netherlands
25. Germany

(a) Shadow economy in the Czech Republic (b) Shadow economy in the European union
2004-2015
in 2015
Source: Medina and Schneider (2018) and website https://www.theglobaleconomy.com/
rankings/shadow_economy/European-union/ where the results for the European Union

countries by Medina and Schneider (2018) are presented.

economy. On the contrary, “tax evasion is the illegal non-payment or under
payment of taxes, usual ly resulting from the making of a false declaration or
no declaration at al l of taxes due to a relevant tax authority or a false claim

for expenses for offset against income legal ly declared to a tax authority” (Mur

phy 2012). To conclude, avoiding paying taxes is usually punished by penalties

whose amount is given by the law of the country. Based on this assumption, the

first important analysis of tax evasion was proposed by Allingham and Sandmo
(1972) in the 70s. He mentions that under the assumption of behaviour under

uncertainty of the Von Neumann-Morgenstern axioms, there is a trade-off be

tween the probability of imposing a given amount of fine and the profit gained
by not paying taxes.

In the following years, authors pointed out that not only the amount of the

fine but many other factors influenced taxpayers such as tax morale. Tax morale
varies across continents and countries as it depends on cultural differences. Alm

and Torgler (2006) notices that the tax morale in the United States is higher
than in Europe. Furthermore, he concludes that the correlation between tax

morale in given countries and the size of the overall shadow economy is strongly
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After that, Williams (2014) introduced factors that influence tax

morality of citizens in European countries. To sum up, tax morality is higher
in more developed countries with lower corruption and in countries with higher
social protection and a higher level of taxation. According to Nchor et al.

(2016), tax evasion in the Czech Republic was evaluated to be 7.2% of GDP

in 2013. Nevertheless, the shadow economy was computed to be 20.9%, which

is somewhat higher than by Medina and Schneider (2018). To sum up, tax
evasion was 34% of shadow economy in the Czech Republic in 2013.
Finally, VAT gaps will be analyzed. The VAT gap arises from tax evasion

and tax avoidance, as well as bankruptcies, tax optimization, insolvencies or
administrative errors (Poniatowski et al. 2019). Consequently, the VAT gap

is an objective measure of enforcement of VAT in a given country. It is given
by the difference between VAT collected and the VAT Total Tax Liability.
The VAT Total Tax Liability is estimated as an amount of VAT that could

be theoretically collectible due to VAT legislation and regulations of a given

country (Poniatowski et al. 2019). The difference called the VAT gap is usually
expressed as a percentage of GDP.

Table 2.4 presents VAT gaps and of the VAT gap as a percentage of VAT

Total Tax Liability in the Czech Republic from 2013 to 2017 in CZK million.
To conclude, the VAT gap decreased from 2013 to 2017.

The largest drop

occurred between the year 2015 and 2017, which equals 6 percentage points. It

corresponds with the implementation of ERS in December 2016.
Table 2.4: VAT gap in the Czech Republic 2013-2017 (CZK million)
Year

VAT total tax liability
VAT revenue
VAT gap
Share of VAT gap in VAT
Total Tax Liability
Source: Poniatowski et al. (2019)

2013

2014

2015

2016

2017

376 467
303 823
72 644
19%

384 062
319 485
64 577
17%

410 469
337 774
72 695
18%

415 110
353 915
61 195
15%

442 353
387 537
54 816
12%

Chapter 3
Application and Methodology of

Synthetic Control Method
The synthetic control method (SCM) is an extension ofthe difference-in-differences

approach and proposes the way how to evaluate the impact of the treatment,
the event or the intervention where a simple comparison of pre-treatment pe

riod and post-treatment period is not appropriate due to some shock which is
not a part of a given event or intervention and which has also impact on the
outcome. In other words, SCM is based on a comparison of the unit affected

by treatment (treated unit) and units that are not affected by a given event or
intervention that are called the donor pool. As a result of this counterfactual

analysis, the difference between the outcome that would occur in the absence
of treatment and the real outcome of the treated unit is detected. SCM was

developed and first introduced by Abadie and Gardeazabal (2003). Then it

was used and enhanced in many papers. Based on Athey and Imbens (2017),
“the synthetic control approach developed by Abadie et al. (2010), Abadie et al.
(2015) and Abadie and Gardeazabal (2003) is arguably the most important in

novation in the policy evaluation literature in the last 15 years” (Athey and

Imbens 2017). The key papers developing SCM such as Abadie et al. (2010),
Abadie et al. (2015) and Abadie and Gardeazabal (2003) have more that 5500

Google Scholar citations.

In contrast to comparative case studies in the 20th century, SCM proposed
the formalized way how to select untreated units, which leads to precise quan
titative inference (Abadie et al. 2015).

The formalized way of selection of

units and variables, as well, was thoroughly summarized by Abadie (2011) and
Abadie (2019). Moreover, they mentioned the pros, cons of SCM and how to
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deal with potential difficulties.
Under appropriate conditions Abadie and Gardeazabal (2003) designed a

method with substantial advantages as a research method in various fields. Not
only in political sciences, finance and economics but it has also been applied

in engineering, biology and social sciences. In the last few years, SCM has
been used to discover the effect of cost of conflict (Abadie and Gardeazabal

2003; Montalvo 2011; Bove et al. 2014; Horiuchi and Mayerson 2015; Pankina
2019), impact of disasters as hurricanes, tsunamis and earthquakes (Coffman

and Noy 2012; Cavallo et al. 2013), effect of immigration (Borjas 2016; Peri
and Yasenov 2019) and crime (Pinotti 2015). But SCM is applied also to study
effect of policy issues as liberalization of trade (Hosny 2012; Billmeier and

Nannicini 2013), taxation (Kleven et al. 2013;Xu 2017), wages (Allegretto et al.

2013; Jardim et al. 2017; Reich et al. 2017), health policy (Bauhoff 2014; Kreif
et al. 2016), financial policy (Bruha and Tonner 2017; Caselli 2017; Opatrny
2017), agriculture policy (Opatrny 2018), Euro adoption (Janota 2015; Zudel

et al. 2016), reunification (Abadie et al. 2015), program for reducing Tabacoo
consumption (Abadie et al. 2010), legalization of prostitution (Cunningham

and Shah 2018), right-to-carry law (Donohue et al. 2017).

Nonetheless, as

SCM has become popular and has been applied in thousands of papers, we
sum up only the most important fields and papers where SCM was used.

In the following subsections of this chapter, we describe in detail some of
the key papers where SCM was applied to study the effect of political interven

tions and regulations. Moreover, the extension of SCM itself and interferential
methods are described.

In 2010 Abadie et al. (2010) evaluated the impact of a tobacco control
program called Proposition 99 in California. The tobacco control program is

a legislation implemented in November 1988 in California, which should have
reduced the consumption of tobacco. For analysis purposes, they use data from
1970 to 1989, and as a synthetic group, they use 38 states in the USA. As a

consequence of given political intervention, tobacco consumption was reduced

significantly in comparison with the synthetic control group. To verified the
result, Abadie et al. (2010) introduced a placebo test called the permutation
test, where SCM is applied to each of the non-treated countries. Then the gaps

of all countries in the post-treatment period and also MSPE is compared.
The next important application of SCM is by Abadie et al. (2015). Not only

does Abadie et al. (2015) analyze the economic costs of the German reunifica

tion, which had a negative effect on GDP per capita over the examined period
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1990-2003, but he introduces many ways how to perform a robustness check
of model. For the first time, the results are validated by an in-time placebo
test, which consists in reassigning of reunification to the period before the real

reunification. He also uses alternative placebo tests called permutation tests,
where the reunification is reassigned to all non-affected units in the same way

as it has been proposed by Abadie et al. (2010). Nevertheless, he extends this

robustness check by RMSPE ratios to evaluate the creditability of treatment.
Besides, he tests the sensitivity of the results by reestimating the model. In
each of these reestimated models, exactly one variable with the highest weight

is omitted. Then the gaps between original outcome by SCM and each of the
leave-one-out estimates are compared. The last test by Abadie et al. (2015)
consists of reducing the number of units in a model. In each of the reestimated

models, the control country with the lowest weight is removed until the model
has only one synthetic control variable. This procedure helps to examine the

trade-off between goodness of fit and sparsity.

In 2017 Donohue et al. (2017) applied SCM to another change of legisla
tion in the USA and estimated the effect of the right-to-carry law to crime

in Pennsylvania, Texas, Mississippi and North Carolina. The result shows a

significantly higher number of violent crimes that undermine the hypothesis
“more guns, less crime.” On the other hand, the given legislation also affects

the murder rate and property crime. Even so, it is not significant.

The SCM was also used to analyze the impact of political interventions or
other events in the Czech Republic. Opatrny (2017) evaluated the impact of

the exchange rate commitment introduced by CNB. For this paper purpose,
he applied an original SCM introduced by Abadie and Gardeazabal (2003) and

the effect of the intervention is evaluated by analysis using GDP per capita,
unemployment and HCPI as an outcome. To sum up, the exchange rate com

mitment for Czech koruna affected unemployment, which as a consequence,

decreased. Furthermore, the effect of the given intervention on GDP was sig
nificant. Nonetheless, an impact on inflation was not statistically significant.

However, Opatrny (2017) notices that other events influence the outcome in
the Czech Republic and that it is important not to omit them.

The effect of the exchange rate commitment in the Czech Republic was also
analyzed by Caselli (2017), who applied not only SCM but also the difference

in-difference approach. She finds a positive effect of the introduction of the

exchange rate floor for the Czech koruna on inflation, which is assumed to be

a 0.5 percentage point.
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Following the papers by Opatrny (2017) and Caselli (2017), Bruha and Ton-

ner (2017) investigates the effect of the floor for the Czech Koruna exchange
rate. However, they applied the extension of SCM, generalized synthetic con
trol method creating by Xu (2015) and secondly, Bruha and Tonner (2017)

applied the net elastic approach by Doudschenko and Imbens (2016). Both

methods are mentioned below as an important extension of SCM. Applying
these methods, Bruha and Tonner (2017) found only a significant effect on core

inflation and they concluded that there is no effect on real economy. Neverthe

less, the introduction of the floor for Czech koruna prevented inflation in the
Czech Republic from being negative.

As another example, we mentioned the paper by Opatrny (2018) who eval
uated the effect of joining the common agriculture market and Common Agri

culture Policy, which was implemented in the Czech Republic owing to their
joining of the European Union in 2004. Opatrny (2018) applies SCM by Abadie
and Gardeazabal (2003) to conclude that the change in agriculture policy had
a negative impact on the Czech food production index. As a robustness check,
he uses the placebo studies by Abadie et al. (2015) and the sensitivity analysis

and confidence interval by Firpo and Possebom (2018), which are discussed

below as an important extension of interferential methods.
Back to the origin of the method, which is said to be “a bridge established
between the quantitative and the qualitative approaches to empirical studies.”

(Abadie et al. 2015) and whose potential is enormous. In 2003, Abadie and

Gardeazabal (2003) applied SCM to find the economic impact of conflict in the

Basque Country. They use Spanish regions as comparable unaffected units. As
predictors, they use variables that explain the growth in the Basque Country
and Spain from the year 1955 to 1997 including the year 1975 that is considered

to be the year of the beginning of ETA's terrorist activity and the boundary
between pre-treatment and post-treatment period. To sum up, the year 1975 is

considered to be the bloodiest year in the Basque country and as a result, the
real GDP per capita decreased by ten percentage points compared with non

affected regions in the 1980s and 1990s. The conflict in the Basque country
also impacted on the stock of firms that have location in the Basque Country.

It is important to mention that (Abadie et al. 2015) set up the first cornerstone
not only for SCM but also for the interference procedure. They introduced an

in-space placebo test.

To extent interference procedure Abadie et al. (2010) and Abadie et al.
(2015) introduced an in-time placebo test and permutation test as was men-
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tioned above. This test allows us to test the null hypothesis of no effect wherever

by p-value given by uniformly distributed treatment probabilities for all units.

In 2016 Gobillon and Magnac (2016) proposed the procedure to compute con
fidence intervals by bootstrapping. However, given interference procedure is
not applicable in small samples. Consequently, Firpo and Possebom (2018)

introduced the procedure of testing the significance of the outcome in small
samples. They proposed the way how to test the sharp null hypothesis and how

to construct the confidence interval using RMSPE. Unlike Abadie et al. (2010)

and Abadie et al. (2015), Firpo and Possebom (2018) exploit the parametric
distribution of treatment probabilities. To sum up, the interferential method

given by (Firpo and Possebom 2018) improve the validation of the result, and
it helps to predict the future impact of the treatment.

Notice that not only the interference procedure was developed but also

the method itself. Many authors enhanced the SCM especially in the case of
poor preintervention fit and more than one treated unit. Such as, Acemoglu

et al. (2016) and Cavallo et al. (2013) extended the method to multiple treated
units. In 2016 Doudchenko and Imbens (2016) extended SCM by Abadie and

Gardeazabal (2003) by the possibility of adding a permanent difference be
tween the treated and control units. Moreover, he relaxed the requirements of
synthetic control weights. He allows the weights to be negative and the sum

of weights does not have to equal one. It leads to improving the fit when the

sufficient amount of control units is not available.

In 2017 generalized synthetic control method (GSCM) was introduced by
Xu (2017). GSCM unifies two approaches, SCM and the interactive fixed-effect
model. As a consequence, the GSCM is able to deal with heterogeneity over

periods and the correlation of treatment with an unobserved unit. Furthermore,

the GSCM generalizes SCM to analyze the effect of treatment of multiple units

with different treatment periods. In this thesis, we use GSCM as a robustness
check and it is described in detail below.

The last extension, which will be mentioned, is the augmented synthetic

control method (ASCM) recently proposed by Ben-Michael et al. (2018). The
original SCM is able to be applied if the pre-treatment fit is excellent. In view

of this fact, Ben-Michael et al. (2018) introduced a method that estimates the
bias when the fit of the pre-treatment period is poor, and as a result, the SCM

estimate is de-biased. ASCM will be used in this thesis as a robustness check

and it will be described below, as well.
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Synthetic Control Method

Let us define the countries to be “units” and the implementation of ERS to be
“intervention” or “treatment” (Abadie et al. 2015).

Suppose a sample composed of J + 1 units where j = 1 is a treated unit
and units j = 2, • • • , J +1 are control units whose set is called a donor pool.

Then assume YiNt to be a potential outcome observed in the absence of the
intervention where i denotes the given region i e {1,..., J +1}, t denotes time

period and t e {1,...,T}. Moreover, assume T0 to be a number of periods
before the intervention occurred satisfying 1 < T0 < T.

Let YiIt be potential outcome in the presence of the treatment for unit i
at time t, t e {T0 + 1, • • • , T}. Moreover, we assume that Yi^ = Yi{ for all
time t e {1, • • • , T0}. However, the affected unit is able to start to react to the

intervention before the time of implementation occurred due to the anticipation
effect (see section 4.1 for more details about the anticipation effect). Ifthe effect

is observable in a period different from period of intervention or event, a periods
T0 is necessary to be shifted to the first period when the effect is observable

(Abadie et al. 2015).

Suppose the effect of intervention a1t = Yif — Yi^ for t e {T0 + 1, • • • , T}
which is given by the difference between outcomes observed if the event occurred

and in the absence of it. The goal of SCM is to estimate YiNt , which is an
unknown factor of equation and then estimate the size of the effect of the

intervention a1t.

The main idea of the synthetic control method is to build a synthetic con
trol which will be of similar characteristics as the affected unit in the periods
before the intervention. The synthetic control is composed of control units.

Notice that, only if the control units fulfill the data requirements described by
Abadie (2011) and Abadie (2019) (see section 4.1 for more details), SCM is an

appropriate method for evaluation of the effect of even. Process how to obtain
synthetic controls ensues. At first denote W = (w2, ...,wj+i)' to be a vector of

size (J x 1) which represents weights for all control units j = 2,..., J +1 such
that 0 < wj < 1 and
jJ=+21 wj = 1.
The choosing of W is an equivalent to
obtain the weight average of control units and accordingly a synthetic control.

Consider X0 be a (k x J) matrix represented the characteristics of J non

treated countries in pre-treatment period where k is a number of variables. And
X1 be a (kx 1) vector that characterize the treatment unit before the treatment

occured. Now we choose W* in the same way as Abadie and Gardeazabal (2003)

3. Application and Methodology of Synthetic Control Method

19

and Abadie et al. (2010), that is, we select W* such that it minimizes
k

E Vm(Xim - XomW)2,

(3.1)

m=1

where v is defined as weight for variable m. Abadie (2011) proposed four
methods how to select v1,...,vk. In this thesis we will use a method that is

based on the minimization of pre-intervention mean square prediction error
(MSPE).1 In other words we minimize the difference between

Y/t

for

and

t < To. Hence v is the outcome of nested optimalization problem where v is
calculated in order to w(v) minimizes MSPE in the pre-treatment period.2
As explained above

au =

I-Y

(3.2)

y

and using the given vector of weights W = (w2,..., wJ+1)' the estimate of
YiNt is obtained as a solution of the equation
J+1

(3.3)

ÝN = E w*Y<i=2

Finally, the combining of the equation 3.2 and 3.5 we estimate the effect of

intervention a1t such as
J+1

“i*

(3.4)

= Y'ú - Ew*Y'<*.
i=2

for t G {To + 1,2• • • ,T}.

Generalized Synthetic Control Method

3.2

The GSCM was introduced by Xu (2017) and in this thesis, it will be used as

a robustness check of the results. The method is based on a combination of
SCM by Abadie et al. (2010), Abadie et al. (2015) and interactive fixed-effect

model by Bai (2009) which provides additional information of the control units

incorporated into the model.
Mean square prediction error is given by formula:

1

EJ+

'

v

MSPE

See section 2 in Abadie (2011) for more detail about four methods.

2

=

E(== i(Yit —
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Lets look at the following factor model:
Yit = fiitDit + xit( + Aift + e^,

(3.5)

where Yit is an outcome of unit i in a time period t Sit is heterogeneous
treatment effect to be discovered, Dit is treatment indicator which equals to
1 if i is treated unit and t > T0 , otherwise it equals to 0, xit is vector of

covariates, ( is a vector of unknown parameters, Ai is a vector of unknown

factor loadings ft is a vector of unobserved factors and eit is an idiosyncratic

error.
Then GSCM is based on comparison of outcome of treated country and

counterfactual outcome given by a three step procedure. At first, we applied

an interactive fixed effect method which was introduced by Bai (2009) to con
trol units. In the next step, the loading factor for the treatment unit in pre

treatment period A/R is estimated using estimates from step 1 - ( and /t and
by equation 3.5. In the end the estimated counterfactual outcome YTRt(CF)

for the period t < T and treated unit TR is obtained based on ( and A/R as
YTRt(CF) = xTRt( + A3 TR f3t .

(3.6)

The authors conclude that GSCM has several advantages such as the possi
bility to detect the effect of the treatment of multiple treated units in a different

treatment period, as it was mentioned in the previous chapter, or such as not

difficult implementation and interpretation of uncertainty estimates - standard
errors and confidence intervals.

3.3

Augmented Synthetic Control Method

As stated above, ASCM was developed by Ben-Michael et al. (2018) and is

used as a robustness check to the model by SCM in this thesis.
The SCM by Abadie and Gardeazabal (2003), Abadie et al. (2010) and

Abadie et al. (2015) suppose the perfect pre-treatment fit X1t — XótYSCM = 0
for all t where 7SCM are weights chosen by SCM, X1t is a vector of outcomes
for treated unit, X0t is a matrix of outcomes of control units before the treat

ment (for t < TO). Even so, it is not usually achievable in practise and as a
consequence ASCM was proposed.
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Let have outcomes Yit for country i in time t

Yit(0) if Wi = 0 or t < T0
( )
i
< 0
Yit(1) if Wi = 1 and t < T0,
where Wi =

(3.7)

for all control countries i and Wi = 1 for treated unit. Then

suppose Y0 is the vector of outcomes of control units after the treatment occur

and Y1 is outcome of affected unit after the treatment.3 Next the outcome
model is defined in following way

(3.8)

Yi = m(Xi) + ei,

where m(Xi) represents a function of outcome in pre-treatment period.
Suppose estimation of the bias

bias = m(Xi) — ^ YSCMmi(Xi),

(3.9)

Wi=0

YíCM is weight of given country i.
As the result, ASCM estimator where the bias is corrected is given by
Y1(0) = ( E

SCmy) + (rii(Xi)

y

— E Y™’ii(Xi)')

Wi=0

Wi=0

'---------- _----------'

"------------------- _------------------- '

SCM estimate

bias estimate

XmiXi2i + (E

'

'

\Wi=0

outcome model

<

SCm (y

y

(3.10)
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/
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>

re-weight residuals

The ASCM has also extensions from which we apply ridge ASCM with

covariates.4 Ridge ASCM allows the weights to be negative, nonetheless, it
brings trade off between improving of fit in pre-treatment period by negative
3 For notation purpose, we assume only one period after the treatment occurs. Let have
T = T0 + 1.
4Ridge ASCM:

Yi(0) = f E

+ ((X — E

YSCM

Xi))

'(

n,
Wi=0

'----------

_------------------- '
S C Mestimate

Wi=0
"---------------------------------_------------------------biasestimate

where n is ridge regression coefficient of outcomes of control units after the treatment accured.
See Ben-Michael et al. (2018) for more detail.
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weights and the cost of extrapolation outside the convex hull (see section 4.1

for more detail about the convex hull).

3.4

Inference

In this section, interferential methods that are used to validate the results

obtained by SCM are introduced. The interferential methods were firstly in
troduced by Abadie and Gardeazabal (2003), who initially developed the SCM,

as it was mentioned in previous chapters. After that, they were extended by
many authors. Nevertheless, in this thesis we apply interferential methods by

Abadie and Gardeazabal (2003), Abadie et al. (2010), Abadie et al. (2015) and

Firpo and Possebom (2018).
Firstly, we introduce the in-time placebo test. It is based on a change of the
treatment time. In other words, the event is reassigned to the period before
the event took place. In the next step, the model is run by the same method
as the original one and the effect of the placebo event is obtained. If the gap

between the real and the synthetic outcome is large in period between the
placebo treatment and real treatment, it indicates a potential lack of synthetic

control predictive power (Abadie et al. 2015).
Secondly, the test of sensitivity is used as an interferential method.

In

each of the reestimated models, one of the countries with the highest weight is

removed and the gaps are compared to the original model. In other words, if

the country with the highest weights is omitted and the synthetic counterpart is

similar to the synthetic outcome of original model, it indicates the creditability
of the result. The sensitivity test allows us to evaluate results in the sense of

additional variable in the model.
Another placebo test, called the permutation test, is based on applying SCM

to each country regardless of the missing treatment and the information on the
gaps are collected. If the gaps of non-treated countries are similar to the treated

one, the given event did not have an impact. In contrast, if the gap estimated

for the treated unit is larger compared to gaps of non-treated countries, SCM
analysis provides evidence of the impact of the event.

In addition, the pre-treatment and post-treatment MPSEs are obtained by
the permutation test. MPSE is an indicator of goodness of fit, which was

introduced by Abadie et al. (2010), Abadie et al. (2015) and Abadie et al.
(2011). Using them we are able to compute the post- to pre-treatment MPSE
ratio. This ratio is given by the fraction of difference between the real outcome
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of a given unit and its synthetic control after the event occurs (post-treatment

MSPE) and the difference between the real outcome of a given unit and its
synthetic control before the event occurs (pre-treatment MSPE). Thus, the

higher the ratio is, the larger the difference between the real outcome of the unit

and its synthetic control is after the event. In more detail, a high ratio is linked

to large postintervention MPSE that indicates the effect of an intervention.
However, on the other hand, the high ratio is also linked to low preintervention
prediction MPSE, which indicates appropriate synthetic controls and goodness
of fit.
To extend it we apply the test of null hypothesis of no effect whatsover

proposed by Abadie et al. (2010) and Abadie et al. (2015). Hypothesis testing

is based on comparison of RMSPEi of treated and control units i = 1, • • • , J +1
which is derived from MSPEs and defined as
*

- > .)2/(T - To)

(Y« - YN■'

(3.12)

ET= 1

Accordingly p-value is computed in the following way:
EJ+.11

p :=

[RMSPEi > RMSPEi]

(3.13)

J+ 1

where 1[E] is an indicator function of event E. Notice that Abadie et al. (2015)

assumes that the probabilities of treatment are the same across observed coun
tries. To extent the null hypothesis testing and avoid previously mentioned

assumption, Firpo and Possebom (2018) proposed the procedure to test sharp
null hypothesis and construct the confidence interval which is based on a para
metric form of probabilities and which is used as another interference procedure

in this thesis.
At first, suppose the time function f : {1, {• • • ,T}

' R that describes

the treatment effect for each country. Then using the given effect RMSPE is

obtained as

RMSPEi :

ET=To+i(Yit - YN - f (t))2/(T - To)

''. 1(y'« - YN - f

z)

(3.14)

Then p-value is computed by the formula

pf (0v) =

E

—

---- l[RMSPEl > RMSPE.],
,iS exp(^Vi.) [
i >
11,
J+Xp(^vi)

(3.15)
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where the fraction defines treatment probability with the sensitivity parameter

7 G R+ and vector v = (v1, • • • , vJ+1) and vi/ G {0,1}. The parameters can
be choosen based on the author's consideration.5

However, the parameters

that extend the interference procedure introduced by Abadie et al. (2010) and
Abadie et al. (2015) is 7 = 0 and v = (1, • • • , 1). Thus, these parameters are

used in this thesis to construct the confidence interval.
To evaluate the linear in time and constant in space intervention effect
suppose the sharp null hypothesis

Ho : YI = YN + c(T — T0)l[t > To + 1]

(3.16)

for time period t = 1, • • • , T, countries i = 1, • • • , J and c G R. Then we

construct the confidence interval 1 — 7 for 7 G (0,1) under assumptions given
by Firpo and Possebom (2018)6

~

if gR1-"^ : f(t) = c(t — T0)l[t > To + 1||

(3.17)
andp (7) >

For detail see section 3 and 4 in Firpo and Possebom (2018).
See section 2 and 3 in Firpo and Possebom (2018).
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Chapter 4
Data
The most crucial step is the selection of a suitable dataset which means selecting

suitable comparison units, called a donor pool, and variables which characterize

the Czech Republic.

Owing to the availability of a well-defined procedure,

which is described in detail by Abadie (2019) and Abadie (2011) the appropriate
dataset can be selected and accordingly the true effect of the implementation of
ERS in the Czech Republic may be uncovered. Nonetheless, usually the steps

of selection of a given dataset in papers is not described and the process of

selection is “a black box.” In this thesis, the following chapter is dedicated to

choosing of suitable dataset. At first, we summarize data requirements with
procedure what should be done if some of them were violated. Then we describe

the selection of the donor pool and the variables for SCM analysis of the impact
of ERS in the Czech Republic based on the given requirements.

4.1

Requirements

As stated above, the dataset has to satisfy requirements under which SCM can
be an appropriate method for analysis. Without fulfilling them, the SCM leads

to a misleading outcome.

These requirements were summarised by Abadie

(2019) in the example of German reunification in 1990 and by Abadie (2011) in

the example of the evaluation of the effect of economic reform related to direct
foreign investment and foreign trade in Uruguay in 2011. In these papers, the

requirements are separated into two groups - to contextual requirements and
data requirements, and the given structure is maintains in this chapter, as well.
At first, contextual requirements are discussed.

• Size of the effect and volatility of the outcome
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The effect of a given event should be distinguishable from other interven

tions for detecting true effects. On the other hand, in the case of high
volatile data and small effect of treatment, the effect does not have to
be recognized. To conclude, the volatility is required to be removed from

the data of the treated unit and donor pool, as well.
• Availability of comparison group

One of the most crucial requirements is the availability of a suitable com

parison group. As the Czech Republic was influenced by the implemen
tation of ERS as a whole, the comparison units are set up on the level of

the state. First and foremost, we have to avoid using units whose char
acteristics are very different from treated units. Notice that if the donor
pool and affected unit does not have similar characteristics, it leads to

a poor pre-treatment fit, and as a consequence, it causes interpolation

biases. For example, we mention the donor pools of synthetic control
analysis where the treated unit is a European country or the Czech Re

public. Abadie et al. (2015) have used as a donor pool OECD countries
for analysis of German reunification, Janota (2015) have used European

countries for analysis of Euro adoption in selected countries in Eurozone,
Opatrny (2018) have used Post-Soviet countries for analysis of agricul
tural subsidies on farm production in the Czech Republic, Opatrny (2017)
European states for analysis of the CNB's exchange rate commitment in

the Czech Republic, Bruha and Tonner (2017) have used new accessing

countries together with non-euro European Union countries and Austria
and Germany and Caselli (2017) has chosen only 13 states from Europe

as the control group for the purpose of the same analysis.
Back to the requirements of comparison units, the amount of potentially

suitable comparison units decreased by another requirement, as well. We

do not be able to choose countries which are affected by similar events in
the period of our analysis. Otherwise, the spillover effect is present, and
it leads to an underestimation or overestimation of the real effect of the
intervention. Finally, the comparison units should not suffer significant

shock during a given time period, which could influence the outcome of
interest.
• No anticipation

No anticipation requirement says that there should not be seen any effect
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of the event before its introduction. If there is any visible effect before

the implementation, the pre-treatment period has to be shortened. That

is, the real date of implementation is not the date used as T0 + 1 in SCM
analysis.

• No interference

No interference requirement is closely linked to the second requirement,

availability of comparison units. Countries in the donor pool should not
be affected by the given intervention. Otherwise, the spillover effect is
present, and it leads to an underestimation or overestimation of real effect

of the event.
• Convex hull condition
As it was mentioned in chapter 3.1, combined characteristics of com

parison countries should approximate the Czech Republic characteristics
before the intervention. Thus,

Xii — W2X12 — wjXiJ+i « 0

...

(4.1)

Xki — w2Xk2 — wJXkJ+I ~ 0

The requirements in 4.1 are not fulfilled if one of the variables of the

treated unit is extreme in values in comparison with the values of a given
variable of untreated countries. Nevertheless, the violation by predictor
variables is not as crucial as the violation by the outcome variable. For

this purpose Abadie (2019) and Abadie (2011) came up with a way of
dealing with the outcome of extreme values. They recommend using time

differences or growth rates instead.
• Time horizon
The time horizon should be long enough.

At first, a sufficiently long

pre-treatment period is needed for good pre-treatment fit of synthetic
control. On the other hand, to apply SCM analysis, it is important to

use the post-treatment period long enough so that the effect of treatment
is able to be detected. However, notice that in some cases, the effect of
the treatment outcome may be identified with time delay. Then waiting

for the effect is not the best option, but the outcome is recommended to
be substituted by a different one.
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Now, we mention the length of time periods of the key papers. Such

as, Abadie and Gardeazabal (2003) uses 43 annual observations in total
and 22 post-treatment observations, Abadie et al. (2010) uses 31 annual

observations and 13 post-treatment observations. Finally, Abadie et al.

(2015) uses 30 years as the pre-intervention period and 34 years as the
post-intervention period. Besides, he concludes that the SCM “opens

the door to precise quantitative inference in small-sample comparative

studies” (Abadie et al. 2015), and that is the reason why given amounts
of periods are sufficiently in comparison with other statistical methods.
Let us move on to data requirements, which was explained by Abadie (2019)

and by Abadie (2011), as well. For SCM analysis, the aggregate data of out
come and predictors are necessary. Data is able to be either at country, state,

regional, or for example, company level; it depends on the goal of the analysis.
In most papers, the SCM is applied on the level of countries for which the data

is available in databases all around the world, usually on a yearly, quarterly, or
monthly level. Nevertheless, the SCM requires sufficient pre-intervention and
post-intervention information, which are linked to the “time horizon” require

ment. Accordingly, the trade-off between the length of time period, amount of

predictors and amount of units in the donor pool occurs since the databases
are restricted and are not always able to provide complete panel data for the

number of units, given long period of time and given variables.

4.2

Donor pool

Now we introduce the procedure of selection of data for SCM analysis of impact
of ERS in the Czech Republic. Generally, the choice of the donor pool is not a
trivial task because countries have to satisfy the requirements described above.
Only if the countries and variables are selected in the proper way, the SCM

analysis is able to capture the effect of treatment.

Firstly, comparison units are selected. Since we estimate the effect of the
intervention in the Czech Republic, the donor pool is on country granularity.

Before anything else, we have to choose countries with similar characteristics
as the Czech Republic. Owing to the membership of the Czech Republic in

the European Union, we decided to take countries of the European Union as
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the primary sample.1

Notice that no interference could occur because the

enactment of ERS in the Czech Republic did not affect other countries in the
European Union.

Given a sample of 26 countries2 has to be cleaned by the countries where
ERS has been implemented during the period of our analysis either in online,

offline or hybrid form which was shown in Table 2.3 in Section 2.4. In the
majority of European Union countries, the ERS has already been implemented.

However, if the date of implementation of ERS of a given country is not within

the time period of analysis, the country is able to be classed as a comparison

unit. On the other hand, a trade-off between the number of countries and the
length of time period occurred as the majority of countries implemented ERS

in the 21th century. To conclude, we decided to limit the beginning of our
analysis to the year 2004. Based on this decision Latvia and Poland, where

the ERS was implemented in 2002 and in 2004, respectively (Smetankova and
Palan 2015); are able to be incorporated into the donor pool. Moreover, we

included Germany, where the ERS was introduced in 2020.3 After that, we
excluded countries with extreme values of GDP per capita in comparison with

the Czech Republic, such as Luxembourg and Ireland. See table 4.1 which
summarizes the countries included in the donor pool.

Table 4.1: Selected countries for analysis
Country

Acronym

Denmark
Estonia
Finland
France
Germany
Latvia
Netherlands
Poland
Spain

DNK
EST
FIN
FRA
GER
LVA
NDL
POL
ESP

ERS

from 2020
from 2002
from 2004

Source: Author's selection

1 The Czech Republic is also a member of OECD, nevertheless, source of quarterly data
is more limited.
2 European Union countries excluding the Czech Republic which is a treated country.
3 Source: https://kassensichv.net/en/the-kassensicherungsverordnung-explained
-in-a-simple-way/.
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Time period

In the next step, we discuss the length of the time period for SCM analysis of

the impact of ERS, which entered into force in December 2016. As explained

above, the period begins in Q1 2004 and ends in Q3 2019 that is given by the
availability of data. To sum up, the length of the time period is 63 quarters,
to be more accurate 51 periods before treatment and 12 in the post-treatment
period. This seems to be a sufficient amount of observation owing to other

papers, that was summarized in the Section 4.1.
Then we need to divide the period to pre-intervention and post-intervention

period. In other words, we need to find the period when the ERS started to

affect - T0 + 1 and potentially remove the anticipation effect. As was men
tioned earlier, the ERS has been implemented in December 2016. Even so,

entrepreneurs were able to install the special cash boxes before December 2016

and ERS was possibly able to affect variables before the introduction of ERS.
It is reasonable to assume that the entrepreneurs installed them in October

or November to examine functionality. On the other hand, there is no reason
why they would have implemented it before Q4 2016. If they had started to

use them before, they would have paid taxes, and as a consequence, it would
have reduced their profits in the period when it was easier not to admit sales.

This assumption was also confirmed by plotting the counterfactual outcome in

Figure 5.1(b), which will be presented in Chapter 5.1.

4.4

Variables

For SCM analysis of the impact of the ERS in the Czech Republic, we use
quarterly data from Q1 2004 to Q3 2019 collected from Eurostat except GDP
per capita, which is available in the OECD database. The variables are selected
in order to characterize the Czech Republic. For more details about chosen
variables see Table A.1 in Appendix A and for their summary statistics see

Tables A.2 and A.3 in Appendix A.
For applying SCM, the outcome variable has to be determined and other
variables serve as predictors. We use three outcome variables in three separated

analyses by SCM: GDP per capita, unemployment rate and HCPI since the
ERS is assumed to have affected these macroeconomics variables.

The main goal of this thesis is to estimate the impact of the introduction of
ERS on GDP per capita in the Czech Republic. Figure 4.1(a) plots the GDP
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Figure 4.1: Outcome variables

(a) GDP per capita

(b) Unemployment rate

Quarter-Year

(c) HCPI
Source: Author's computation in R

per capita from Q1 2004 to Q3 2019 not only for the Czech Republic, that

is highlighted, but also for the comparison countries. Moreover, the vertical
line illustrates the period of implementation of ERS, Q4 2016. The values of
GDP per capita of the Czech Republic is not extreme in comparison to other
countries. To conclude, however, some variables do not have to satisfy the

convex hull condition mentioned in the previous chapter, the GDP per capita

is suitable for analysis purpose.
Figures 4.1(b) and 4.1(c) plot the unemployment rate respectively HCPI in
the same way as GDP per capita. To sum up, in the period from Q1 2004 to

Q3 2016, HCPI is not extreme in values since the values of HCPI of part of
the countries in the donor pool are higher and the values of the second part of
the countries are lower than HCPI of the Czech Republic. The unemployment

rate is lower compared to comparison units in the post-treatment period of our
analysis Q4 2016-Q3 2019 and we investigate it in Section 5.2.

Chapter 5
Empirical Results
This chapter presents the results of the analysis of the impact of ERS on GDP

per capita, unemployment rate and HCPI using SCM.
The main estimate is obtained by SCM introduced by Abadie and Gardeaz-

abal (2003) that was enhanced by many authors. Consequently, SCM proposed
many robustness checks and many ways of how to deal with misleading out
comes and how to interpret it. To validate the results in this thesis, we apply

the interference procedures explained in Section 3.4. Firstly, we construct the
modified confidence interval by Firpo and Possebom (2018) based on the as

sumption of uniformly distributed probability of treatment across countries.
Then we apply other procedures to check the robustness of results such as a

permutation test including MSPE ratios analysis, an in-time placebo test and

a sensitivity test.
Furthermore, we apply extensions of original SCM - GSCM by Xu (2017)
and ASCM by Ben-Michael et al. (2018). However, these two methods are used
only as robustness checks due to their limitations. GSCM is a combination of

SCM by Abadie and Gardeazabal (2003) and a linear interactive fixed-effect

model and is able to capture the unobserved effect that may impact on the
outcome. On the other hand, we have to take into account the caveat related to

a small number of comparison countries (N < 40). Nevertheless, this condition

is usually pretty impossible to fulfill. For example, Bruha and Tonner (2017),
that examined the impact of an intervention in the Czech Republic, applied
GSCM to a donor pool composed only of selected European Union countries.
It is important to notice that the method might be used in the analysis if the

donor pool is small. Notice also that the interference procedure has to be made
properly.
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Then we apply another extension, ASCM. ASCM is a pretty new method

that reduces pre-treatment bias. Nonetheless, it does not need to be the best
method for every analysis. Since, “incorporating ridge adjustment improves pre
treatment fit, but may increase the approximation error if the ridge regression
over-fits noise in pre-treatment period” (Ben-Michael et al. 2018). Therefore

we used it as a robustness check.

Finally, results are discussed in the context of other events or political
interventions that might significantly affect the given macroeconomic predictors
and, accordingly, cause misleading interpretation of the impact of ERS.

5.1

GDP per Capita

First of all, we discuss the impact of ERS on the GDP per capita applying
SCM. As mentioned above, the synthetic Czech Republic is composed of a
convex combination of countries in the donor pool and the synthetic Czech

Republic should follow the path of the GDP per capita in the Czech Republic
during the pre-treatment period.

To satisfy this condition, the outcome of

the Czech Republic in pre-treatment period is given mainly by Spain, Estonia,
Germany and Finland with the weight 0.350, 0.233, 0.204 and 0.140. Weights of
other comparison units are less than 0.1. For more detail see Table 5.1, which
shows all countries in the donor pool with estimated weights. To conclude,

weights are positive and the sum equals to one that safeguards the analysis

from extrapolation.
Table 5.1: GDP per capita: Country weights of the synthetic Czech
Republic

Country

Weight

Denmark
Estonia
Finland
France
Germany
Latvia
Netherlands
Poland
Spain

0.002
0.233
0.140
0.062
0.204
0.002
0.005
0.003
0.350

Source: Synthetic control method compu
tation using “synth” package in R
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Table 5.2 shows the pre-treatment means of the real values of predictor
variables in the Czech Republic, its synthetic means and weights. Weights rep

resent the power of a given variable to predict GDP per capita in the Czech

Republic before the implementation of ERS. The variables with the highest
weights are HCPI, GVA and real labour productivity. On the other hand, un

employment and final consumption have the lowest weights. To sum up, low
weight, and accordingly, low power to predict outcome, is connected with rela
tively large differences between the mean of the treated unit and the synthetic

mean (Abadie et al. 2010).
Table 5.2: GDP per capita: Predictor weights

Variables

HCPI
Unemployment rate
Final consumption
Labour cost
GVA
Gross fixed capital formation
Labour productivity

Czech Republic
Treated Synthetic

1.986
6.425
48.051
98.992
101.094
27.008
93.202

2.153
11.502
57.469
97.302
101.333
22.550
93.475

Weight

0.183
0.003
0.000
0.010
0.488
0.035
0.281

Source: Synthetic control method computation using “synth” package in R

Figure 5.1(a) plots the GDP per capita and its synthetic counterpart be
tween Q1 2004 and Q3 2019. The potential effect of ERS is shown by gaps

between these two lines during the period Q4 2016-Q3 2019. In Figure 5.1(b),
the gaps are plotted. More broadly, our result suggests a significant increase
in the GDP per capita in the period after the implementation of the ERS. We
also have to take into account that ERS has been implemented in two stages.
The first one was introduced in December 2016 and the second one in March

2017.1 Hence, the overall effect did not occur in Q4 2016 and the effect was
increasing in the early periods after the treatment.

Furthermore, the GDP is very sensitive to other events. Thus, we have to

take into consideration events that occurred during period Q4 2016-Q3 2019
and that could influence GDP in the Czech Republic, such as the co-financing
of investments from European Union funds in the programming period 2014

2020. The drawn-down from funds in the Czech Republic was the highest in

Q2 and Q3 2015, then it slightly decreased and from the beginning of the year
1

The third and the forth stages were postponed, for more detail see Section 2.1.
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Figure 5.1: Synthetic control method outcome of GDP per capita

(b) Gaps in GDP per capita
Source: Synthetic control method computation using “synth” package in R
Note: Note that the confidence interval (CI) is not traditional one where the line is within
CI since it is given by plus or minus some value. The CI is the modified version by Firpo and

Possebom (2018) that is based on uniformly distributed probability of the treatment across
countries in donor pool. Nonetheless, the line in Figure 5.1(b) should lie within the modified

CI, as well. However, as the Czech Republic was pumping the European Union funds, the

lines is not lying in our CI in the early period after the treatment.

2017, it started to recovered (Holub 2017a) which might significantly influence
the GDP of the Czech Republic during period Q4 2016-Q3 2019 and the result

of our analysis, as well.

To investigate the impact of the pumping of European Union funds on the
estimated result in the Czech Republic, for example, Opatrny (2017) makes

an alternative SCM estimation of the effect of the CNB's exchange rate com
mitment in the Czech Republic in 2013 on the GDP per capita. He includes

in the donor pool only countries from Central and Eastern Europe to detect
the effect of co-investments. Notice that the Czech Republic is among the
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Central and Eastern European Union countries2 that are pumping similar co

investment from European Union funds (European Union 2017). He concludes
that the values of the synthetic GDP per capita after treatment, in this case,
increased in comparison to the case that does not capture co-investments of
the European Union fund. Hence, the gap between real GDP per capita and
its synthetic outcome decreased.
Nonetheless, since countries, where the ERS has been implemented between

Q1 2004 and Q3 2019, are mostly countries in Central and Eastern Europe, due

to the requirements of SCM mentioned in Section 4.1, we had to exclude them

from the donor pool. Thus, the effect of EU funds may not be captured in the
same way as Opatrny (2017) proposes. However, it is reasonable to assume

that the pumping of European Union funds increased the GDP per capita in
theperiodafterQ42016andonthecontrary, itdecreasedtheeffectoftheERS
implementation in the Czech Republic.

Furthermore, changes in oil price impact on GDP. After the slump, the
price of oil began to increase in 2016 and was rising until the end of the year
2018. That may negatively affect GDP. As we mentioned earlier if the treated

country and countries from the donor pool are impacted by to the same event,
no bias occurs. The price of oil affects the GDPs of all comparison countries.
Nevertheless, the effect on GDP is asymmetric across countries as their eco

nomic situations differ. That was underlined by Lardic and Mignon (2006),
who concluded that the impact of change in oil price is different across 12

European countries.

Finally, in December 2016, the VAT on catering services and serving of
beverages except alcoholic drinks and tobacco products was reduced by 6 %

from 21 % to 15 % in the Czech Republic (Marethová and Snopkova 2018).
Thus, the effect of ERS on GDP per capita may be underestimated due to
lower VAT collection from given services caused by the change in tax rate.
Moreover, on January 1, 2017, January 1, 2018, and April 1, 2019, the tax

rates on tobacco increased (Schillerováa et al. 2019), and accordingly, it might

cause an overestimation of the effect of ERS on GDP per capita.
2Bulgaria, Croatia, Estonia, Hungary, Lithuania, Latvia, Malta, Poland, Romania, Slove
nia and Slovakia (European Union 2017).
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Robustness check

To verify the result, we use the interference procedures mentioned in Chapter

3.4. At first, permutation test is applied and Figure 5.2(a) shows gaps given by
the differences between the GDP per capita in a given country and its synthetic

counterpart for the Czech Republic and for all comparison units, as well. The

gaps of the Czech Republic are highlighted. In the period Q4 2016-Q3 2019,
they are larger than the gaps of control units. As the line of the Czech Republic

is unusual in comparison to the lines of countries from the donor pool in the
post-treatment period, it indicates the effect of intervention.
Figure 5.2: Gaps analysis of GDP per capita
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(a) Gaps of all contries in donor pool
Source: Author's computation in R

Accordingly, in Figure 5.2(b) MSPE ratios of all countries obtained by the
permutation test are plotted. As explained in Section 3.4, the MSPE ratio

is given by goodness of fit in pretreatment and post-treatment period. To
evaluate the significance of the result using the MSPE ratio, Abadie et al.
(2010) proposed the uniformly distributed probability of treatment. Because

of this fact, the probability of obtaining the MSPE ratio as large as a treated

unit (the Czech Republic) is 1/(J + 1), which equals to 1/10 in case of our
analysis (Abadie et al. 2010). According to Figure 5.2(b), p-value is 0.1 and we

conclude that the H0: There is no effect of the implementation of ERS on the
GDP per capita in the Czech Republic is rejected at a 90% significance level. To

summarize, the control units did not suffer considerable shock in a given period

of time, and on the other hand, the MSPE ratio shows us the creditability of
the effect of ERS on GDP per capita.

Then, we construct 90% modified confidence interval based on the interfer
ential method by Firpo and Possebom (2018) that is shown by the grey area
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in Figure 5.1(b). As indicated in this figure, the confidence interval does not
include a zero value. Thus, the H0 of no effect of ERS is rejected, as well, and
the positive effect of implementation of ERS on GDP per capita is significant

at a 90% significance level. However, notice that the values in early periods
after the treatment are outside the grey area. As it was explained above, the

Czech Republic was drawing on European Union funds. Spain, Estonia and
Germany, whose weights are the highest in the synthetic Czech Republic and

accordingly have the highest power to predict the outcome in the Czech Repub

lic, are mostly not imposed on European Union funds' co-investments. Only the
Czech Republic and Estonia are ”catching up” countries where co-investments

from these funds are similar (European Union 2017). As a consequence, the
effect of the pumping of European Union funds is not captured and it may
cause the deviation from the modified confidence interval in the early period
after the intervention.

In the next step, the in-time placebo test is used as another robustness check

for SCM analysis of GDP per capita. We reassigned the placebo treatment to
Q4 2014 (2 years before the real treatment occurred). Figure 5.3 displays the
result. The synthetic counterpart follows a similar path as in Figure 5.1(a) and
does not considerably diverge before Q4 2016. Thus, as Abadie et al. (2015)

proposed, the impact of the intervention is not given by the lack of predictive
power of the synthetic unit and Figure 5.3 does not undermine the positive

effect of the implementation of ERS in the Czech Republic.
Figure 5.3: GDP per capita: In-time placebo test

Source: Synthetic control method computation using “synth” package in R

Finally, we apply the sentivity test and we check if the change in comparison

countries affects the result. In each of the reestimated models, the unit with
the highest weight is removed from the donor pool. At first, we remove Spain,
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whose weight was 0.350. Then we compare the weights of countries in the
model ”Spain OUT” which are presented in Table B.1 in Appendix B. Since

the weight of Finland (0.404) is the highest, we discard it from the donor pool.

Consequently, we compared Figures B.1(a) and B.1(b) in Appendix B with
Figure 5.1(a) illustrating the original result. The relatively good pretreatment

fit and the similar gaps between real GDP and its synthetic counterparts after
Q4 2016 in Figures B.1(a) and B.1(b) suggest that the result obtained in Figure
5.1(a) is not influenced by changes in the donor pool and as a consequence the
result is robust.

All robustness checks mentioned above were based on original SCM. Now,
we will apply GSCM by Xu (2017) and ASCM by Ben-Michael et al. (2018). At
first, we use GSCM that is SCM extended by an interactive fixed effect model.
Notice that the factor ft3 capture the unobserved effects. Thus, the effect of

inflows from European Union funds or an increase in oil price is reduced by
this factor. Figure B.4(a) presents gaps using GSCM and the 95% confidential

interval.4 To conclude, gaps in GDP per capita are significantly different from
zero from Q2 20175 and it serves as a good robustness check of the impact on
the GDP per capita in Figure B.4(a).

Next, we apply ridge ASCM with covariates that improves the pretreatment

bias (X1t — X0tYSCM). Figure B.5(a) in Appendix B shows gaps in GDP per

capita using ridge ASCM with covariates. The confidence interval is given by
plus or minus two standard errors.6 As we can see, the extension of SCM

improves pre-treatment fit. The increase in GDP per capita is only marginally

insignificant in early periods after the treatment and in the second half of the
year 2018. Otherwise, the effect of ERS is significantly different from zero.
This result is similar to the result plotted in Figure 5.1(b) and obtained by

applying the original SCM. Thus, the estimation of the impact of ERS using

ridge ASCM validates the positive impact of ERS on the GDP per capita.

The results of applying GSCM and ASCM shows a significant increase in
GDP per capita in the period after the implementation of ERS and they confirm

the results obtained by SCM. Overall, the ERS positively affected the GDP per
capita in the Czech Republic in the period after Q4 2016. Table 5.3 presents

the size of gaps between the GDP per capita and its synthetic counterpart from
Given in equation Yit = SitDit + xitp + Af + eit, for more detailed see Section 3.2.
The confidence interval is based on parametric bootstraps of 1000 times, for more detail
about theory see Xu (2017).
5Note that the second phase of ERS was introduced in March 2017.
6For more detail about interference procedure see Ben-Michael et al. (2018).
3
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Q4 2016 to Q3 2019 using SCM, GSCM and ASCM. The increase of GDP per
capita in 2018 as a consequence of the implementation of ERS is estimated to

be 2.3%.

The rise caused by ERS is not only connected with an increase in sales or
an improved collection of VAT, but ERS also contributes to higher payments

in the case where the variable component of income or expense is dependent

on the amount of revenue. Such as, in the case where the amount of wages

or the payment of rent are dependent on the revenue of a given entrepreneur.
Moreover, the wages were usually officially lower as the employer and employees
did not have to pay tax and insurance deduction from an additional part of
wages. This part of wages was usually composed of revenues which were not

submitted to the Financial Authority (Levicková and Mickova 2017).
Table 5.3: Comparison of results by different methods: GDP per
capita

Period

SCM

GSCM

ASCM

Q4
Q1
Q2
Q3
Q4
Q1
Q2
Q3
Q4
Q1
Q2
Q3

961
1,145
1,765
1,775
1,718
1,781
1,828
1,892
2,035
2,033
2,032
1,964

207
155
773
806
882
1,052
1,411
1,693
2,000
1,859
2,103
2,186

564
636
1,276
1,167
1,288
1,451
1,443
1,555
1,793
1,820
1,957
1,965

2016
2017
2017
2017
2017
2018
2018
2018
2018
2019
2019
2019

Source: Synthetic control method computation using
“synth”, “gsynth”, “augsynth” packages in R

Besides, it is important to mention that the economic situation in the Czech
Republic in 2017 and 2018 was optimistic and the GDP was increasing at that
time. Holub (2017b) described the current economic situation as follows:

The economy will remain above its potential output level. The in
crease in domestic economic activity will be driven mainly by robust

growth in household consumption, reflecting optimism of consumers
in an environment of high growth in their income. Investment will

also continue to rise, not only in the private sector, but also in the
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government sector as a result of higher draw-down of EU funds.

Fiscal policy will also contribute to domestic demand growth via
a significant rise in public sector pay and increasing pensions and

social benefits. The economy will continue to benefit from stable
demand growth in the Czech Republic's main trading partner coun

tries.
Nevertheless, we should take into account also other factors and events that
could influence the performance GDP per capita in period Q4 2016-Q3 2019

mentioned earlier and that are unusual in comparison with countries in donor
pool, such as co-investments in European Union funds, change in consumption
tax rate from 21% to 15%, increase in tax rates on tobacco or changes in price

of oil.

5.2

Unemployment rate

In this section, the effect of the implementation of ERS on the unemployment
rate is discussed with the same structure as the impact on GDP per capita.
Figure 5.4 shows the weights of comparison units in the synthetic Czech Re

public. The weights indicate that the pretreatment unemployment rate of the

Czech Republic is characterized mainly by Poland, Finland and Spain with
weights 0.702, 0.152 and 0.146, respectively. Weights of other countries in the

donor pool equal zero.
Table 5.4: Unemployment rate: Country weights of the synthetic
Czech Republic
Country

Weight

Denmark
Estonia
Finland
France
Germany
Latvia
Netherlands
Poland
Spain

0.000
0.000
0.152
0.000
0.000
0.000
0.000
0.702
0.146

Source: Synthetic control method compu
tation using “synth” package in R
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Table 5.5 presents the pretreatment characteristics of the Czech Republic
and the synthetic Czech Republic that is composed of previously mentioned
countries. Predictor variable means of treated unit are close to means of the
synthetic unit for HCPI, final consumption, labour cost and GVA. Moreover,

as indicated in Table 5.5, the highest power to predict the unemployment rate

in the Czech Republic in the pre-intervention period has final consumption,
HCPI and GVA with the weights 0.320, 0.287 and 0.188, respectively. These

are also variables with the best resemblance to treated and synthetic means.
The weights of other predictor variables is less than 0.1.

Table 5.5: Unemployment rate: Predictor weights

Variables

GDP per capita
HCPI
Final consumption
Labour cost
GVA
Gross fixed capital formation
Labour productivity

Czech Republic
Treated
Synthetic

27,930.966
1.986
48.051
98.992
101.094
27.008
93.202

38,223.837
1.893
49.432
98.606
103.432
21.561
95.463

Weight

0.025
0.287
0.320
0.096
0.188
0.027
0.058

Source: Synthetic control method computation using “synth” package in R

The estimate of the impact of ERS applying SCM is the difference between
the real outcome and its synthetic counterpart after Q4 2016, which is illus

trated in Figures 5.4(a) and 5.4(b). Nevertheless, gaps began to diverge in
the period before the Q4 2016, at the beginning of the year 2013. The differ

ence between the real unemployment rate and its synthetic counterpart may
be caused by many factors. At first, the unemployment rate in the Czech Re

public is in the long-term below the average unemployment of European Union
countries and it has been hitting the floor (Holub 2017c). The main reasons

for the low unemployment rate are low labour costs, a high proportion of the
manufacturing industry, government incentives for companies, and accordingly,
the attractiveness of the Czech Republic for international companies. More

over, in 2013 the CNB introduced the exchange rate commitment that caused
a significant decrease in the unemployment rate (Opatrny 2017; Tonner et al.

2015).7 Since only the Czech Republic suffered large treatment, there need not
7 The decrease in the unemployment rate was predicted to be -1.0 in 2014 and -1.8 in 2015
by Opatrny (2017) and -0.3 in 2014 and -1.2 in 2015 by Tonner et al. (2015)
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Figure 5.4: Synthetic control method outcome of unemployment rate

(b) Gaps in unemployment rate
Source: Synthetic control method computation using “synth” package in R

exist the synthetic counterpart which perfectly resembles the Czech Republic
unemployment rate in pre-treatment period using SCM.
As a consequence of two previously mentioned arguments, the synthetic
Czech Republic does not perfectly replicate the real outcome in the second

part of the pre-treatment period and the bias occurs. The extensions of SCM

(GSCM and ASCM) partially solve this problem and they will be discussed
in detail in the following chapter. However, the results are the same using

given methods and SCM. As indicated in Figure 5.4(b), the implementation of
ERS in Q4 2016 did not affect the unemployment rate because the size of gaps
between the real outcome and the synthetic one does not vary across time from
the beginning of the year 2016 and the grey area representing 90% confidence

interval by Firpo and Possebom (2018) includes zero function.
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5.2.1

Robustness check

Figure 5.5(a) illustrates the gaps for all countries included in the donor pool.

As we can see, the highlighted line that illustrates gaps of the Czech Republic
is not extreme in values in comparison to other countries until the end of the
year 2015. Then gaps of treated units are the lowest, which could potentially
indicate the effect of the intervention. Nonetheless, the gaps became the lowest

in Q1 2016 and not in Q4 2016, and after the end of the year 2015, magnitudes
of gaps are similar across the time. Furthermore, as mentioned above, the
Czech unemployment rate is in the long-term one of the lowest in the European
Union. These are reasons why we cannot conclude that the gaps after the Q4

2016 are caused by the implementation of ERS. This is also underlaid by MSPE

ratios that are calculated based on values given by the permutation test and

presented in Figure 5.5(b). The Czech Republic has the second-highest ratio.
However, as the probability of treatment is uniformly distributed across the

countries in the donor pool, the p-value of the Czech Republic is only 2/10.

Thus, we cannot reject H0: There is no effect of the implementation of ERS
on the unemployment rate in the Czech Republic at a 90% significance level.

Figure 5.5: Gaps analysis of unemployment rate
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(a) Gaps of all contries in donor pool
Source: Author's computation in R

To verify the significance of the result, we also construct 90% modified
confidence interval by Firpo and Possebom (2018) that is illustrated by the

grey area in Figure 5.4(b). The line represented gaps in the unemployment

rate is outside the given confidence interval, which is also caused by a low

unemployment rate in the Czech Republic and a significant decrease caused
by CNB's exchange rate commitment. To conclude, the impact of ERS on the
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unemployment rate is not significantly different from zero at a 90% significance

level as the grey area includes zero function.
In the next step we apply the in-time placebo test. For the unemployment

rate, we reassigned the placebo treatment to Q4 2010 (by six years from the
treatment period). Figure 5.6 shows the real and the synthetic unemployment

rate. Given trajectories are similar to that in Figure 5.4(a). Nevertheless, from
the beginning of the year 2013, the gaps occur, as well. As explained above, it

may be caused by low values of the unemployment rate in the Czech Republic.

Besides, the line of synthetic units given by the in-time placebo test follows the
same path in the post-treatment period Q4 2016-Q3 2019 as in Figure 5.4(a).
Accordingly, the in-time placebo test does not undermine the creditability of
the result.

Figure 5.6: Unemployment rate: In-time placebo test

Source: Synthetic control method computation using “synth” package in R

Finally, we apply the sensitivity test by removing comparison countries with
the highest weights given by SCM (Table B.2 in Appendix B). In the first model

we omit Poland and in the second model we additionally exclude Spain. Results

are plotted in Figures B.2(a) and B.2(b) in Appendix B. Given eliminations

of countries from the donor pool make the pre-treatment fit worse and conse
quently, we cannot deduce any inference by the sensitivity test.

Among robustness checks of the unemployment rate, we lay stress on the
results of GSCM and ASCM because of a non-perfect fit by the original SCM
model illustrated in Figure 5.4(a) in the time period from the beginning of

2013.
At first, we discuss the result obtained by GSCM that is presented in Fig

ure B.4(b) in Appendix B. As mentioned earlier, the GSCM improves the
pre-treatment fit and captures the effect of variables, that may importantly
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influence the outcome. On the other hand, it is important to mention that the
unemployment rate is not as much sensitive to outside events as GDP. To con

clude, the estimate by applying GSCM indicates no effect of ERS after Q4 2016
as the line fluctuates close zero and confidence interval includes zero function
across period Q4 2016-Q3 2019.

To make the result more robust, we also apply ridge ASCM with covariates.
The Figure B.5(b) in Appendix B shows that the bias is improved, as well, and
the effect of the ERS on the unemployment rate is neither positive nor negative

as the confidence interval includes zero value.
Although the unemployment rate is extreme in comparison to European

Union countries, we can conclude that the effect of ERS on the unemploy

ment rate is neither negative nor positive as the confidence interval of all three
methods (SCM, GSCM and ASCM) includes zero function.

5.3

HCPI

In this section, we discuss the result of the impact of ERS on the HCPI. The
HCPI is a harmonized CPI suitable for comparison of countries due to the

same methodology of calculation given by the Eurostat database.8 At the first
step of applying SCM, we have to select control units whose characteristic

resembles the Czech one. Table 5.6 shows countries that compose the synthetic

Czech Republic and their weights. The HCPI of the Czech Republic in the pre

treatment period is described by Poland, Finland, France, Estonia and Spain

with weights 0.265, 0.263, 0.215, 0.157 and 0.100. Otherwise, the weights are
zero. Comparing the composition of synthetic controls of GDP per capita,

unemployment rate and HCPI, we conclude that Spain, Finland and partially
Poland have high weights among countries in all donor pools.

Table 5.7 illustrates the predictor variables, including their means and
weights given by SCM. The most important variables for predicting HCPI in
the pre-treatment period are GVA, final consumption, gross fixed capital for

mation and real labour productivity. Means of these variables for the treated

unit are close to means of these variables for the synthetic unit. Other variables
for which the synthetic mean is far away from the mean of the treated unit have
lower to no power to predict HCPI of the Czech Republic in the pre-treatment

period.
8

For detail about calculation see website of Eurostat: https://ec.europa.eu/eurostat/

statistics-explained/index.php/HICP_methodology.
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Table 5.6: HCPI: Country weights of the synthetic Czech Republic

Country

Weight

Denmark
Estonia
Finland
France
Germany
Latvia
Netherlands
Poland
Spain

0.000
0.157
0.263
0.215
0.000
0.000
0.000
0.265
0.100

Source: Synthetic control method computation using “synth” package in R

Table 5.7: HCPI: Predictor weights

Variables
GDP per capita
Unemployment rate
Final consumption
Labour cost
GVA
Gross fixed capital formation
Labour productivity

Czech Republic
Treated
Synthetic

27,930.966
6.425
52.528
98.992
101.094
27.008
93.202

33,471.036
9.334
49.432
98.172
103.884
23.373
95.959

Weight

0.044
0.029
0.183
0.016
0.422
0.177
0.128

Source: Synthetic control method computation using “synth” package in R

Our estimate of the impact of ERS on HCPI in the Czech Republic is

presented in Figure 5.7(a). Trajectories of treated and synthetic lines follow
each other across the pre-intervention period and also the post-intervention

period only with some exceptions.

We can see slight increase in HCPI during early periods after the treat

ment in Q4 2016. It might be the effect of the implementation of ERS. As
Holub (2017c) explains due to the adoption of ERS, in early periods after the

intervention there was a temporary increase in items ’’restaurants and cafés”

(Restaurace a kavárny), which is a part of core inflation given by CNB, for more
detail see Figure 5.8. At the end of the year 2017, the year-to-year change of

price of services strongly decreased (Czech National Bank 2018). Although our
model is based on the HCPI, this item is also included in the calculation of
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Figure 5.7: Synthetic control method outcome of HCPI

Source: Synthetic control method computation using “synth” package in R

HCPI given by Eurostat. That is the reason why there might be a temporary

increase in the HCPI after the implementation of ERS.
Nonetheless, the overall effect of the implementation of ERS on HCPI is

neutral since HCPI resembles its synthetic counterpart in nearly almost time
periods during Q4 2016-Q3 2019. Moreover, notice that the HCPI is sensitive

to other events in a similar way as GDP. Thus, the previously mentioned events
such as the pumping in of European Union funds, decrease in consumption tax

from 21% to 15%, increasing of tax rate of tobacco or changes in the price of

oil might have an impact on the size of gaps shown by the divergence of the
real HCPI and the synthetic one.

5.3.1

Robustness check

In this section, we apply interference procedures to validate the result by SCM

presented in Figure 5.7(a). Firstly, we use the permutation test that consists of
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Figure 5.8: Change in price of services

Source: Holub (2017c)
Note: year-to-year change in %

the re-estimation of gaps for all non-treated countries. The highlighted line in

Figure 5.9(a) shows that the gaps of the Czech Republic is not extreme neither

in pre-intervention period nor in post-intervention period. The MSPE ratio
of the Czech Republic presented in Figure 5.9(b) is the eighth smallest. It

indicates no effects of ERS. Moreover, using a uniformly distributed treatment
probability approach by Abadie et al. (2010), p-value is 8/10 as we have only

9 countries in the donor pool. Thus, we do not reject H0: There is no effect of
implementation of ERS on HCPI in the Czech Republic at a 90% significance

level.

Figure 5.9: Gaps analysis of HCPI

(a) Gaps of all contries in donor pool
Source: Author's computation in R

In the next step, we discuss the modified confidence interval that is con
structed in the same way as for GDP per capita and unemployment rate. The

90% confidence interval proposed by Firpo and Possebom (2018) is illustrated
by the grey area in Figure 5.7(b). In early periods after the intervention line,
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illustrating gaps is outside the confidence interval that verify the slight increase

in the unemployment rate. On the other hand, we have to take into consider
ation the sensitivity of HCPI to other events that might influence it, such as
the pumping in of European Union funds. To conclude, the overall effect of

HCPI in period Q4 2016-Q3 2019 is not significantly different from zero since
the grey area includes zero function.

Then we perform the in-time placebo test that is illustrated in Figure 5.10.
The intervention is reassigned to the period Q4 2014 (by two years from the

implementation of ERS). The trajectory of synthetic counterpart during post
placebotreatment period from Q4 2014 to Q4 2016 is similar to the tra jectory

of the synthetic unit in Figure 5.7(a). To conclude, based on Abadie et al.
(2015) there is no lack of synthetic control predictive power and the in-time
placebo test does not undermine the impact of ERS on the HCPI.

Figure 5.10: HCPI: In-time placebo test

Source: Synthetic control method computation using “synth” package in R

Figures B.3(a) and B.3(b) present results of the permutation test that is used

to evaluate the robustness of results by omitting the variables with the highest

weights. In other words, if the country with the highest weights is omitted and
synthetic counterparties are similar, it indicates the creditability of the result

in Figure 5.7(a). First of all, we remove Poland. Figure B.3(a) shows HCPI
and its synthetic counterpart whose path is similar to Figure 5.7(a). Then we

omit the country with the highest weight from ”Poland OUT” - France (see

Table B.3 for more details about weights). Our estimate of the model ”Poland,
France OUT” is reported in Figure B.3(b) and indicates a similar tra jectory of
synthetic HCPI. The elimination of two countries with the highest weight from

the donor pool does not change nor pre-treatment fit nor post-treatment gaps

and it verifies the result in Figure 5.7(a).
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Finally, we apply GSCM and ASCM. GSCM improves the pre-intervention
fit. Moreover, GSCM is able to capture the unobserved effect that is important

as HCPI is sensitive to events such as change in oil price, change in tax rates

or pumping of European Union funds. The path of HCPI and its synthetic
outcome in Figure B.4(c) does not differ a lot in period the Q4 2016-Q3 2019.
The confidence interval also suggests that there is no effect of implementation
of ERS on HCPI since it includes zero value.

In the last step, we apply ridge ASCM with covariates. As well as in case of
GDP per capita and the unemployment rate, ASCM improves pre-treatment fit.
The estimate is presented in Figure B.5(c). However, the confidence interval
includes a zero value only partially, the line describing gaps fluctuates around

zero in the post-treatment period. As a consequence, we cannot conclude
neither positive nor negative overall effect of ERS on the HCPI.

In general, the effect of ERS on HCPI applying SCM, GSM and ASCM is
neither positive nor negative.

Chapter 6
Conclusion
In this thesis, we examined the impact of ERS in the Czech Republic on macroe
conomic predictors such as GDP per capita, unemployment rate and HCPI. The

first stage of ERS was introduced in the Czech Republic on December 1, 2016.
Subsequently, the second stage started in March 2017. ERS orders given en
trepreneurs to use special cash boxes and to send data about single sales to the

Financial Authority immediately after the transaction. Experience shows that
the ERS reduced tax evasion and the shadow economy. The financial income1

for the Czech Republic increased by CZK 7.9 billion in 2017 and by CZK 12.3
billion in 2018, in more detail VAT increase by CZK 4.7 billion CZK in 2017
and CZK 6.1 billion in 2018, owing to the implementation of ERS (Ministry of

Finance of the Czech Republic 2019).
This thesis contributes to research and fills a gap in literature as no study

has yet examined the impact of ERS in the Czech Republic on macroeconomic
variables - GDP per capita, unemployment rate and HCPI using SCM by

Abadie and Gardeazabal (2003), Abadie et al. (2010) and Abadie et al. (2015).
The SCM analysis proposes many benefits. Firstly, SCM introduces a way of

how to evaluate the impact of political interventions or events using a quan
titative approach. Additionally, the SCM proposes a transparent data-driven
procedure, which leads to the construction of a suitable comparison unit with

similar characteristics as the Czech Republic had before the implementation of

ERS. The synthetic comparison is given by the weighted average of countries
from the donor pool based on their similarity to the Czech Republic. Therefore,
also if the country has different characteristics, its weight is low or zero and
SCM allows a perfect pre-treatment fit. Moreover, the SCM safeguards analysis
1

Including VAT, corporate and personal income tax and social and health insurance.
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against extrapolation because of the positive weights of countries whose sum

equals one.
Applying SCM, we constructed a counterfactual outcome for given macroe

conomic predictors that describes the outcome in the absence of the imple
mentation of ERS. The synthetic counterpart is created by selected countries

from the European Union chosen so that they satisfy SCM's requirements, and
mainly, they do not have implemented ERS in online, offline or hybrid form in

the period of our analysis Q1 2004-Q3 2019.

Our estimate shows the statistically significant positive effect of the imple
mentation of the ERS on GDP per capita since confidence intervals of SCM

and also of GSCM and ASCM do not include zero function. The estimate by
SCM indicates 2.3% increase in GDP per capita in 2018 due to ERS. This rise

is caused by the “whitening” of the shadow economy in the Czech Republic
because some of sales had not been submitted before the implementation of

ERS. Nonetheless, the GDP is sensitive to other events such as the pumping
of European Union funds, change in tax rates or change in the price of oil and

we have to take them into account if we interpret the results applying SCM.

Secondly, we performed an analysis of the effect of ERS on the unemploy

ment rate. The unemployment rate in the Czech Republic is in the long-term

below the average of the European Union, which is mainly demonstrated by
a suitable environment for global companies and low wages in comparison to
European countries and by the CNB's exchange rate commitment in 2013.

Applying SCM, the results do not show any significant effect of ERS on the
unemployment rate. Interference procedures verify the result.
Finally, we examined the effect of ERS on HCPI. At the beginning of the

post-treatment period, the HCPI slightly increased. Nevertheless, the overall
impact is neither positive nor negative since the confidence interval includes

zero value. The MSPE ratio of the Czech Republic is also low, that indicates

no effect of the intervention. To evaluate the impact on the HCPI, we have to

take into account events that occurred in the period after the implementation
of ERS as in the case of GDP per capita, as well.
To conclude, the overall effect of the implementation of ERS in the Czech

Republic is neutral or positive for selected macroeconomic variables - GDP
per capita, unemployment rate and HCPI. The possible extensions of this the
sis include applying SCM to different outcome variables, examining ERS in a

longer time horizon or evaluating the impact of ERS by different approaches.
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Appendix A
Summary of Variables
Table A.1: Variables and their descriptions
Variable

Code

Description

GDP per capita

HCPCARSA

Gross domestic product - expenditure approach. Per Head,
US $ current prices, current PPPs, seasonally adjusted.

HCPI

prc hicp nia.nr

HICP* (2015 = 100) - monthly data (annual rate of
change). All-items HICP.

une_rt_q

Percentage of active population. Seasonally adjusted data,
not calendar adjusted data.

naiiiq 10 gdp

Final consumption expenditure of households and non
profit institutions serving households. Unadjusted data
(i.e. neither seasonally adjusted nor calendar adjusted
data). Percentage of gross domestic product.

namq_10dp_ulc

Nominal unit labour cost based on persons.
Index,
2010=100. Unadjusted data (i.e. neither seasonally ad
justed nor calendar adjusted data)

Gross
value
added by indus
try

nidq_10_a10

Gross value added. Wholesale and retail trade, trans
port, accommodation and food service activities. Season
ally and calendar adjusted data. Chain linked volumes,
index 2010=100.

Real
labour
productivity per
person
Gross fixed capi
tal formation

naiiiq 10 gdp

Real labour productivity per person. Seasonally and cal
endar adjusted data. Index, 2015=100.

naiiiq 10 gdp

Gross fixed capital formation. Seasonally and calendar ad
justed data. Percentage of gross domestic product.

Unemployment
rate
Final consump
tion

Labour cost

Source: GDP per capita obtained from OECD database, other variables from Eurostat
*HICP

is abbreviation for harmonized index of consumer price by Eurostat, in theses we use HCPI instead

A. Summary of Variables

II

Table A.2: Descriptive statistics of variables
Statistic

GDP per Capita
Unemployment rate
HCPI
Final Consumption
Labour cost
GVA
Gross fixed capital formation
Labour productivity

N

Mean

St. Dev.

Min

Pctl(25)

Pctl(75)

Max

630
630
630
630
630
630
630
630

34,706.7
8.6
2.1
53.4
101.3
106.8
22.8
96.7

10,887.2
4.6
2.2
5.7
13.0
11.0
4.1
6.8

11,832.7
2.0
-3.9
43.0
58
78.0
14
70.0

27,122.9
5.7
0.8
48.5
93.7
99.4
20
94.1

42,012.8
9.8
2.8
56.9
107.2
113.0
24.5
100.9

59,694.5
26.2
17.5
68.4
154
141.8
39
116.3

Source: Author's computation

Table A.3: Means of variables by countries Q1 2014-Q3 2019
Country
CZE
DNK
ESP
EST
FIN
FRA
GER
LVA
NDL
POL

GDP per capita Unemployment rate

30,208.1
45,038.7
33,473.9
25,689.9
40,614.2
37,937.4
42,937.4
21,301.4
47,406.8
22,444.0

5.7
5.9
17.0
8.3
8.0
9.2
6.5
11.0
5.29
9.50

HCPI Final consumption
2.0
1.4
1.8
3.5
1.5
1.5
1.6
4.0
1.5
2.06

47.9
47.4
58.3
51.9
52.2
54.4
54.3
61.1
45.8
61.1

Country

Labour cost

GVA

Gross fixed capital formation

Labour productivity

CZE
DNK
ESP
EST
FIN
FRA
GER
LVA
NDL
POL

102.2
97.9
94.8
105.9
101.3
100.3
103.3
107.4
100.3
99.9

104.9
107.2
101.6
117.1
100.8
104.0
107.4
116.1
105.7
103.4

26.7
20.7
22.4
27.6
22.9
22.3
20.1
25.3
20.4
19.6

95.4
97.4
95.8
97.4
101.0
98.2
98.5
93.0
97.8
92.7

Source: Author's calculation

Appendix B
Robustness Checks
B.1

GDP per Capita: Robustness Check

Table B.1: Country weights of GDP per capita: Change in donor pool
Country

Full donor pool

Spain OUT

Spain, Finland OUT

Denmark

0.002
0.233

Finland

0.140

0.002
0.007
0.404
0.003
0.000
0.188
0.009
0.386
-

0.006

Estonia
France

0.062

Germany

0.204

Latvia
Netherlands
Poland
Spain

0.002
0.005
0.003
0.350

0.011
0.472
0.000
0.320
0.014
0.177
-

Source: Synthetic control method computation using “synth” package in R

Figure B.1: GDP per capita: Change in donor pool

(b) Spain and Finland OUT
Source: Synthetic control method computation using “synth” package in R

B. Robustness Checks

B.2

IV

Unemployment Rate: Robustness Check

Table B.2: Country weights of unemployment rate: Change in donor
pool
Country

Full donor pool

Poland OUT

Poland, Spain OUT

Denmark
Estonia
Finland
France
Germany
Latvia
Netherlands
Poland
Spain

0.000
0.000
0.152
0.000
0.000
0.000
0.000
0.702
0.146

0.000
0.001
0.201
0.024
0.007
0.034
0.014
0.719

0.006
0.177
0.040
0.015
0.038
0.10
0.715
-

Source: Synthetic control method computation using “synth” package in R

Unemployment Rate

Figure B.2: Unemployment rate: Change in donor pool

Q1-2004

Q1-2007

Q1-2010

Q1-2013

Quarter-Year

(a) Poland OUT

Q1-2016

Q1-2019

Q1-2004

Q1-2007

Q1-2010

Q1-2013

Q1-2016

Quarter-Year

(b) Poland and Spain OUT

Source: Synthetic control method computation using “synth” package in R

Q1-2019

V

B. Robustness Checks

B.3

HCPI: Robustness Check
Table B.3: Country weights of HCPI: Change in donor pool
Country

Full donor pool

Poland OUT

Poland, France OUT

Denmark
Estonia
Finland
France
Germany
Latvia
Netherlands
Poland
Spain

0.000
0.157
0.263
0.215
0.000
0.000
0.000
0.265
0.100

0.000
0.173
0.051
0.383
0.000
0.000
0.148
0.245

0.119
0.006
0.078
0.286
0.000
0.160
0.351

Source: Synthetic control method computation using “synth” package in R

HCPI

Figure B.3: HCPI: Change in donor pool

(a) Poland OUT

(b) Poland and France OUT

Source: Synthetic control method computation using “synth” package in R

B. Robustness Checks

B.4

VI

Generalized Synthetic Control Method Re
sults
Figure B.4: Generalized synthetic control method

(b) Gaps in unemployment rate

Source: Generalized synthetic control method computation using “gsynth” package in R
Note: The time period T0 (the last period before the intervention Q3 2016) equals period 0

in figures. The 95% confidence interval is based on parametric bootstraping of 1000 times,
for more detail see Xu (2017).

B. Robustness Checks

B.5

VII

Augmented Synthetic Control Method Results

Figure B.5: Ridge augmented synthetic control method with covari
ates

(b) Gaps in unemployment rate

p

0.1-2004

J
0.1-2014

0.1-2009

01-2019

Quarter-Year

(c) Gaps in HCPI

Source: Augmented synthetic control method computation using “augsynth” package in R
Note: Figures present the estimation using ridge augmented synthetic control method with

covariates. The confidence interval is given by plus or minus two standard errors. For more
detail see Ben-Michael et al. (2018).

