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Abstract

In my thesis I present the indirect effect of the Hungarian public work programme on wages,
the effect of the labour market tightness on wages and the importance of the composition
of local labour markets in employment discrimination. In every chapter I use Hungarian
micro databases. The conclusion of the first chapter is that the public work programme has
a negative effect on the private sector wage. This is because the programme increases the
labour supply since the majority of public workers were inactive before the programme.
In the second chapter I find that the labour market tightness has a positive effect on
private sector wages. The third chapter (co-authored with Gábor Kertesi and János Köllő)
shows that the employment gap between Roma and non-Roma depends not only on local
prejudices but also on the composition of the local economy.

Chapter 1 - The Effect of Public Work Programme in Hungary
on Private Sector Wages

I estimate the effect of the public work (PW) programme in Hungary on private sector
wages by using the difference in the public worker share in small homogeneous labour
markets. My results show that the PW programme has a negative effect on private sector
wages due to the increasing labour supply that was induced by the programme. To date,
the public work (PW) programme has been the major active labour market policy tool since
2011 in Hungary. Between 2011-2017 Hungary spent 0.58% of GDP on PW programmes,
which was the largest fund for direct job creation among OECD countries. A large portion
of the public work funds was distributed among those districts which were below the
country average development level. As the PW employment share was not even among
districts, I can use this as a variation to identify the indirect effect of the programme on
the private sector. I estimate the effect of public work programme on the private sector
wage using a fuzzy regression discontinuity design. The treatment variable is the share of
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public workers in a district-occupational cell. According to my estimations, for the period
2013-2017 the private sector wage level is lower by 0.5% among the elementary occupations
when the public worker share increases by 1 percentage point. The total wage effect is equal
to almost one-year wage growth between 2013-2017.

Chapter 2 - The Effect of Tightness on Wages at the Regional
Level in Central Europe

In this paper, I estimate the effect of tightness (i.e., the ratio of vacancies to unemploy-
ment) on wages in two Central European countries, Hungary and Slovakia. The estim-
ation exercise is relevant for at least two reasons. Firstly, it tests the implications of
the Mortensen–Pissarides model on Central European data. Secondly, wages are a major
driver of inflation and are important from other macroeconomic policy perspectives. My
main contribution is to identify the effect of tightness on wages from regional heterogen-
eity. More precisely, I instrument tightness by the distance of a district from the Austrian
border, interacted with a dummy that marks the opening of the Austrian labour market to
these countries in 2011. I find a positive effect of tightness on wages in the two countries,
which is in line with the conclusion of the model. In Hungary a 1% increase in tightness
leads to a 0.08% increase in wages, while in Slovakia the coefficient is somewhat larger.
Nevertheless, in both countries the increase in tightness caused roughly one half of the
wage increase between 2009-2017.

Chapter 3 - The Transmission of Ethnic Prejudice to Labour Mar-
ket Discrimination - The Role of Small Firms

co-authored with Gábor Kertesi and János Köllő

The Roma is Europe’ largest and poorest ethnic minority. We analyse the employment
gap between Roma and non-Roma adults in local labour markets to test the hypothesis
that ethnic prejudices against a minority have a more substantial labour market impact if
the proportion of small firms is high in the local economy. At small firms, the application
process is less formal and there is, presumably, larger room for arbitrary decisions which
can lead to discriminatory practices. We conduct the exercise using data from the 2011
census in Hungary. We use the vote share of the then far-right “Jobbik” party as a measure
of general anti-Roma sentiment in a given district, and instrument it with the prevalence of
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foreign currency mortgage debts, a well-documented independent trigger of Jobbik support.
Our results show that Jobbik votes or high share of small firms alone do not lead to
significantly lower Roma employment probability while the interaction of these two factors
does. The employment probability of Roma is 11 percentage point smaller in the districts,
where the small firm share and Jobbik vote share is considerably larger than the country
average.
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Chapter 1

The Effect of Public Work
Programme in Hungary on Private
Sector Wages

“Nothing is more dangerous than to stop working. It is a habit that can soon be lost, one
that is easily neglected and hard to resume.”

Victor Hugo

1.1 Introduction
Policy interventions can have an effect not only on eligible households or individuals but
also on non-participants. For instance, international food aid affects local prices (Lev-
insohn and McMillan (2011)), cash transfers increase the consumption of non-participant
households (Angelucci and De Giorgi (2009)), penalties in a conditional welfare programme
increase classmates’ compliance (Brollo et al. (2020)), conditional cash transfer has an in-
direct effect on crime (Chioda et al. (2016)), tuition policy has a smaller impact on college
enrollment if indirect effects are taken into consideration (Heckman et al. (1998)). Active
labour market policies (ALMP) are likely to have indirect effects as well. To illustrate,
Hujer et al. (2006) examine the effect of vocational training on general conditions on the
labour market and Imbert and Papp (2015) examine the indirect effect of an Indian pub-
lic work programme on the private sector. Other types of indirect effects have also been
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documented (e.g., the effect of a public work programme on food security by Beegle et al.
(2017)).

As argued by Angelucci and De Giorgi (2009), understanding a policy’s indirect effect
is important for several reasons. If a program is widely used, then indirect effects may
be even greater than direct ones. Fletcher and Marksteiner (2017) also argue that the
full social impact of an intervention should take into consideration the possible indirect
effects as well. Furthermore, indirect effects may represent a good opportunity to study
the effects of labour supply shocks in general. Finally, the existence of indirect effects
have implications for policy design. Although there is a large literature on ALMPs, their
indirect effects are still much more rarely documented.

In this paper, I investigate whether the Hungarian public work (PW) programme af-
fected non-participants, specifically the wages of low-skilled private sector workers. The
PW programme is a large active labour market policy in Hungary, with potentially sizeable
indirect effects. The main goal of the programme is to give job opportunities to discour-
aged workers, other inactive groups and unemployed people, so that they can, with time,
transition to the primary labour market and find a job there. This goal is consistent with
the goals of many ALMPs as described by Kluve (2016).

The Hungarian PW programme is a good case study for analysing the indirect effects of
an ALMP. Among the OECD countries, Hungary has spent the largest amount on direct
job creation (see Figure 1.1). The total cost of the programme was 0.58% of the GDP
between 2011-2017. The PW programme provides short-term job opportunities to inactive
people mainly in low-skilled jobs; consequently, indirect effects can be expected to affect
low-skilled workers. The maximum number of months is limited in the programme. The
wage in the programme is considerably less than the minimum wage, which is an incentive
for participants to find a job in the private sector.

As the public worker share is not evenly distributed among districts and occupations,
I can use this as a variation to identify the indirect effect of the programme on the private
sector. In the Hungarian PW programme, those districts receive considerably more funds,
which are below the country’s average development level. Development is measured by a
“complex indicator”, which averages several standardised objective socio-economic factors
(e.g. average house price, urbanity index). If the value of the complex indicator is below
46.68 then the district is eligible for extra funds. Close to the cutoff the share of public
workers is considerably higher below than above the cutoff. The cutoff rule enables me
to use a quasi-experimental research design, specifically a fuzzy regression discontinuity
design (RDD) around the threshold to estimate the effect of the programme.
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Figure 1.1: The public spending for direct job creation in OECD countries (as a % of GDP)
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The main identification assumptions for the RDD are as follows. Firstly, the expected
value of the potential outcome without treatment must be continuous as a function of
the running variable. This assumption guarantees that in a small neighbourhood of the
cutoff value the districts are similar apart from the treatment and any discontinuity in
the average outcome is only due to the treatment. This assumption is supported by the
fact that there is no significant difference in low-skilled wages around the cutoff before
the programme. Secondly, the running variable cannot be manipulated by the districts
to receive the programme. Since the complex indicator is calculated from 24 objective
socio-economic factors the districts cannot achieve this. These two assumptions make it
plausible to regard variation in public worker share near the cutoff as if it were from a
randomised experiment (Lee and Lemieux (2010)). Since all districts are eligible for some
PW funds and the threshold rule affects only the intensity not the participation of the
programme fuzzy RDD can be used to identify the effect.

The main results of the paper are the following. I find that in the elementary occupa-
tional group the average wage is lower by 0.5% between 2013-2017 if the share of public
workers increase by 1 percentage point in the treated districts around the cutoff, i.e. where
the value of development indicator is just slightly lower than the country average. The
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negative wage effect is consistent with Layard et al. (1991)’s job competition channel. As
roughly half of the public workers are from the inactive population, they increase the la-
bour supply as they start searching for a new job in the private sector. This leads to lower
wages among the low skilled in those districts where the share of public workers is high. On
the other hand, the results do not support the other so-called “better alternative” channel
(Calmfors and Forslund (1991)) in which ALMP increase private sector wage.

Several placeboes and robustness checks suggest that the wage effect is due to the
programme and not other factors. Firstly, before the programme, there is no systematic
difference between the left and right-hand side of the cutoff. Secondly, there is no sign of
composition effect. Thirdly, there is no effect for arbitrarily chosen placebo cutoff values.

I do not find any significant employment effect around the cutoff. The reason for this
can be the fact that in the short run the low-skilled workers’ employers cannot adopt in
the capital so they cannot employ more workers; they just perceive the increased labour
supply.

The main threat to identification is the fact that simultaneously with the introduction
of the PW programme the transfer system was also reformed. The total amount of social
transfers dropped from 6.2% of GDP in 2010 to 3.9% of GDP in 2017. This change is also
a strong incentive for inactive people to participate in the labour market. On the other
hand, this policy change was not related to the complex indicator. Therefore the RDD
setup overcomes this issue because one expects that this effect is similar on the two sides
of the cutoff. More specifically, a placebo RDD exercise also shows that around the cutoff
there is no significant change in the per capita transfers.

My research has several contributions to the pertaining literature. Firstly, my paper
fits into the broadly defined policy evaluation literature going back to Ashenfelter (1987),
LaLonde (1986) etc. Within this literature, I specifically contribute to the research on
the effectiveness of ALMPs by documenting the indirect effect of the Hungarian PW pro-
gramme. The broad overview of ALMPs can be found in Card et al. (2017). The most
closely related papers in the literature are Wray et al. (2018), Imbert and Papp (2015),
Berg et al. (2018) and Zimmermann (2012). The first one is a simulation of a hypothetical
PW for the US; the last three assess the Indian PW programme. Although all four papers
focus on the indirect effects of PW the countries examined are quite different from Hun-
gary. Moreover, the programmes are different in key aspects from the Hungarian one. For
instance, in Hungary, the PW wage is considerably less than the minimum wage, while in
the case of the above-mentioned programmes it is equal. This can be the main reason why
I find a negative spillover effect while other studies find a positive.
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Secondly, I contribute to the existing literature on the Hungarian PW programme.
These studies deal with e.g. the employment probabilities of participants (e.g., Molnár
et al. (2014), Cseres-Gergely and Molnár (2014)), the labour market career path of par-
ticipants before the programme (Köllő (2015)) or attitudes to the programme on behalf
of participants, municipalities, decision-makers (Koltai et al. (2018)). None of the studies
examines the spillover effect of the PW programmes on the private sector.

Thirdly, there is another strand of literature dealing with spillover effects from public
sector wages in general to the private sector. There are articles using individual data to
assess the spillover effect (Jacobsen (1992), Telegdy (2018)) and macro data is also used
(Lamo et al. (2012), Demekas and Kontolemis (2000)). In my research I concentrate on
a subgroup of low-skilled employees, not the whole public sector and the PW programme
is a special type of employment. Still, I analyse the spillover from the public to private
sector.

Lastly, I use a very high quality and comprehensive administrative dataset, which covers
every employee in Hungary. This enhances the internal validity of the results. The studies
covering the indirect effects of PW programmes (Imbert and Papp (2015), Berg et al.
(2018), Zimmermann (2012)) use survey data with less complete coverage.

The paper is organized as follows. In section 1.2 I present two possible mechanisms,
which can explain the effect of PW programmes on the private sector wage. I briefly
summarize the relevant literature in Section 1.3. In Section 1.4 I discuss the institutional
background of PW programmes and present some descriptive statistics. In Section 1.5 I
carry out the estimation and discuss the results.

1.2 Possible mechanisms
I describe two possible channels through which PW affects private sector wage. The em-
pirical exercise in my paper tests the relative strength of these two channels against each
other in Hungary using the data of the PW programme since 2011.

1.2.1 Job competition channel

In the first channel the labour supply grows, which decrease the private sector wage.
Approximately half of the public workers come from inactivity (see Section 1.4.3). The
goal of the PW programmes is to help the inactive and long-term unemployed to find a job
in the private labour market by offering them practice. To reach this goal participation
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in the PW programme is limited, which is also a pushing factor to the primary labour
market. The increasing labour supply leads to lower wages in those districts, where there
are more public workers. Layard et al. (1991) called this as the job competition channel.

Table 1.1: Flows from PW to the private sector

t-2 t-1 t
1) Inactive PW Private
2) Unemp PW Private
3) Private PW Private

There can be 3 types of flows in which the PW is the previous step before the private
sector employment (Table 1.1). In the first channel before the PW the individual was
inactive. This channel increases the labour supply in the long run since a new participant
appeared in the labour market (for more details see Section 1.4.3). The other two flows,
when someone was unemployed or employed in the private sector, does not increase the
labour supply since the PW employment was a temporary episode in the individual’s
working history. In these flows, PW can be considered as a cyclical tool to help to overcome
a short-term unemployed period. Therefore, in these flows, PW does not increase the labour
supply in the long run.

1.2.2 The “better alternative” channel

The other channel has a different implication. Calmfors and Forslund (1991) argues that
active labour market policies (such as relief work, youth employment programmes, recruit-
ment subsidies, training etc.) increase the private sector wage. Calmfors and Forslund
(1991) illustrate this with the example of Sweden, where these programmes were near-
substitutes of regular employment and the wage was higher than the unemployment bene-
fit (in the case of on-the-job programmes the wage was equal to the original wage). This
setup is a favourable alternative to unemployment, which induce wage increase.

Although the PW wage is lower than the minimum wage (see Table A.12 in Appendix),
we know from anecdotal evidence that for some PW jobs less effort is needed than on the
primary labour market. There can be employees for whom this lower effort-lower wage
package is more desirable than the private sector. In this case, their reservation wage is
higher for a private sector job. This implies that the labour supply declines and private
sector wage increases. We do not know how many people are with these preferences,
therefore the strength of this channel is unknown.
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Calmfors and Lang (1995) argues that both channels can be present. If the programme
is not effectively targeted then wage pressure can be present. On the other hand, if the
programme is sufficiently targeted to the long term unemployed then the wage-declining
effect would dominate. Therefore there is at least one channel, which implies a negative
and another, which implies a positive wage effect. I cannot disentangle the two channels
in my empirical strategy. I can only measure the resultant effect.

1.3 Literature
In labour economics there is a long history of studying labour market policies. For instance,
evaluating training programme effects on earnings (e.g. Ashenfelter (1987), LaLonde
(1986), Heckman et al. (1987)), pattern of displaced workers’ earning losses (e.g. Jac-
obson et al. (1993)) or impact of minimum wages on other wage (e.g. Gramlich (1976),
Card and Krueger (1994)).

The evaluation of ALMPs is a growing subset of this literature. The main aim of the
active labour market policies is to increase the participants’ employment probability and
decrease aggregate unemployment (Kluve (2016)). Apart from the employment probability
goal, increasing earnings, improving job quality and prolonging job duration can be the
target of ALMPs’ as well. In the US the main objective is often rising wages, while in
Europe the employment outcomes are in focus (Kluve (2016)). More similar to a regular
job, the more effective the ALMP is (Sianesi (2008)). There is also a documented con-
nection between the length of an ALMP and its effectiveness. For instance, short-term
subsidised jobs help participants to find a regular job, on the other hand, the longer the
subsidised job is, the smaller the positive effect is (van Ours (2004)).

There are four main types of ALMP: job search assistance, labour market training,
private sector employment incentives, and public sector employment (Kluve et al. (2007)).
For instance, the studies on ALMPs deal with the employment probability changes of par-
ticipants (e.g. Jaenichen and Stephan (2007), Caliendo et al. (2005), Bergemann et al.
(2017)), job duration and wage growth due to the programme (e.g. Connolly and Gott-
schalk (2009)), the effect of unemployment benefit sanctions (e.g. Arni et al. (2013)),
the link between training programmes and unemployment duration (e.g. Lee and Lee
(2005)), the increasing employment probability after participating in a wage subsidy pro-
gramme (Leduc and Tojerow (2020)), the effect of training on job mobility (Zweimüller and
Winter-Ebmer (2003)), the employment effect of wage subsidy programme (Betcherman
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et al. (2010)).
A meta-analysis of ALMP-studies can be found in Card et al. (2017). The authors

summarize the results of more than 200 articles. In general, they find that ALMPs are more
effective in medium and longer terms. They also find that ALMPs are more effective during
slow growth and higher unemployment periods. On the other hand, according to Escudero
et al. (2019)’s meta-analysis ALMP’s have more positive impacts during economic booms
which means that ALMP’s are more effective in case of an expanding labour market. A
possible explanation for this discrepancy can be the different set of countries, which the two
paper examines. While Escudero et al. (2019) cover only Latin-American countries Card
et al. (2017) assess a wider selection of countries of which only 10% are Latin-American.

There are two main strands of the literature on ALMP from the perspective of the
direction of the effects. First, there is literature evaluating the programme effect on par-
ticipants. Not surprisingly this is the larger part of the literature, and the studies covered
by Card et al. (2017) focus on the effect of ALMPs on participants. The effects estimated
in this literature are sometimes referred to as partial equilibrium effects. Second, there
is literature studying spillover effects on other groups, and a smaller literature looking
at effects on the whole (local) labour market. The market-wide effects are referred to as
general equilibrium effects. They can be important if the program is run at a large scale
(Angelucci and De Giorgi (2009)) and includes a large share of the population. My research
focuses on the general equilibrium effect and does not deal with the effect on participants.

One of the first microeconometric studies about spillover effects is Levine (1993). He
finds a significant positive effect on employment probabilities due to the increase in un-
employment insurance for individuals who were not insured. Later, Albrecht et al. (2005)
examine the effect of a Swedish adult educational programme, not just partial but general
equilibrium effects. For the latter, they use an equilibrium search model with heterogen-
eous worker skills. Interestingly they find that equilibrium effects are 1.5-2 times greater
than partial effects. Blundell et al. (2004) identify equilibrium effects of a complex job
assistance and wage subsidy programme in the UK.

Public work programmes are quite common in emerging countries (e.g. Langa et al.
(2019), Galasso and Ravallion (2004), Berg et al. (2018)) but they can be found in de-
veloped countries (e.g. Azam et al. (2012), Heinrich et al. (2013)) as well. As discussed
by Kluve (2016) PW participants are mainly from the most disadvantaged individuals and
the programme can serve as a social policy tool to keep these people close to the labour
market. These properties are also true for the Hungarian labour market. Besides the em-
ployment goals, PW programmes have other objectives, which are not just about labour
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market outcomes. There can be local development objectives by creating new infrastruc-
ture, which contributes to the local economy and help to reduce the regional differences
(Kálmán (2015)). Other purpose can be poverty reduction of the most vulnerable house-
holds (Escudero et al. (2019), Koltai et al. (2018), Molnár et al. (2014)). These objectives
can be also found among the goals of the Hungarian PW programmes.

The literature discusses several theoretical arguments for and against the PW pro-
grammes. PW programmes can ensure work experience, which can be an advantage during
a job search. On the other hand, full-time and not flexible public work can be an obstacle
during job search if the public worker does not have enough time to find a job or the
employer does not let the worker for a job interview (Kálmán (2015)). There could be a
substitution effect if an existing job is filled with a public worker. In this case, there is
no new job creation. The crowding out effect emerge if there are too many public workers
and private sector jobs are not filled due to the public work programmes (Kálmán (2015)).
This would be the case if the second channel would be strong enough (see Section 1.2).
There could be an effect on participants’ individual risk management (Gehrke and Hartwig
(2018)) as well.

The effectiveness of PW programmes is a relevant and popular topic in the literature.
There are several positive results when PW improves the job-finding rate and increases
employment (e.g. Vodopivec (1999) for Slovenian, Heinrich et al. (2013) for US PW pro-
gramme). The PW programme also increases the participants’ income (e.g. Azam et al.
(2012) for Latvia, Tcherneva (2013) for Argentina, Escudero (2016) for Peru). The PW
programmes also seem to be an effective tool to reduce unemployment (e.g., Galasso and
Ravallion (2004) for Argentina, Eichler and Lechner (2002) for Germany). On the other
hand, negative effects are also documented. For instance, the Peruvian PW programme in-
creased the employment probability of participants but they found lower quality jobs (e.g.
informal jobs, working excessive hours) (Escudero (2016)). There are cases when other
ALMPs are more effective than PW programmes (e.g., Escudero et al. (2019)). Csoba and
Nagy (2012) also find that the Hungarian PW in 2010 was less effective than wage subsidy
and training programmes. O’Leary (1997) also finds a negative effect of the Hungarian PW
programme in the 1990s. The PW participants’ career path before the programme can be
also interesting. Köllő (2015) finds that in Hungary employment rate of public workers was
well below the country average and they worked significantly less than the non-participants
before the programme. According to the estimation of recent studies (Bakó et al. (2014)
and Cseres-Gergely and Molnár (2014)) the job-finding rate of the Hungarian public work-
ers was around 10-22% and it decreased over time. In their meta-analysis Card et al.
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(2017) find that the PW programmes have negligible or even negative direct effect on all
time horizons.

There are some papers, which focus on the effect of PW programmes on the private
sector. Wray et al. (2018) simulated the effect of a hypothetical PW programme in the
US and get higher private sector wage in the long run. A recent set of empirical studies
focus on the effect of the Indian PW programme (NREGS) on the wage of the private
sector. Zimmermann (2012) uses household survey data to assess the effect by RDD.
She finds a significant positive effect on the private sector wage of women but no effect
on men. She does not find any effect on private sector employment. Berg et al. (2018)
use difference-in-difference estimation and get 4.3% higher wages in the private sector
for the treated districts. Imbert and Papp (2015) use difference-in-difference estimation
and find that NREGS increased the private sector wage by 4.7% but there was a 1.5%
decrease in privates sector employment. NREGS is an effective (and costly) tool to enforce
the minimum wage in the rural labour market because in NREGS the wage equals the
minimum wage (Berg et al. (2018) and Imbert and Papp (2015)). In Hungary, the PW
wage is considerably lower than the minimum wage to incentivise participants to find a job
in the primary labour market and the jobs are mainly available not in agriculture. Although
the before-mentioned papers are about the general equilibrium effects, they assess a PW
programme with a quite different setting than the Hungarian one. This makes it interesting
to analyse the effect of the Hungarian PW on non-participants.

1.4 Institutional background and data
According to the Ministry of Interior, the main aim of the PW programme is to help the
participants to find a job in the primary labour market. In addition, the local authorit-
ies want to reach settlement development and operational goals using PW programmes.
Furthermore, it has a poverty reduction and value-added generating role as well. These
goals are in line with those which are mentioned by Escudero et al. (2019). According to
Koltai et al. (2018)’s survey, the PW employers experienced a significant improvement in
the public workers’ attitude toward work and their basic competencies. Based on the sur-
vey during the PW there was a large progress in the employees’ skills like communication,
conflict management, problem-solving, adaptability and time management. This helped
the public workers find a job in the primary labour market. Koltai et al. (2018) do not
estimate causal relationship due to lack of sophisticated data.
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1.4.1 Short description of PW-programmes

There were PW programmes before 2011 in Hungary but their magnitude was lower and
the regulation was quite different. Since 2011 there are 3 main types of public work schemes
(based on Bördős (2015)):

• Model programmes ‘Start’ (micro-regional): maximum duration is 12 months with
8 hours working time per day. These programmes are mainly organised by local
municipalities. Managers of these programmes receive additional professional assist-
ance and consulting during the planning and implementation phases. (Mód (2013),
Kulinyi (2013)). Typical works can be, among others, agricultural projects, repair of
the public road network, eliminate illegal waste dumps, use of organic and renewing
energy etc. On average this type of funding amounted to 43% of the total funding
between 2013-2017.

• Long-term public works programmes: maximum duration is 12 months. The typical
working time is 6-8 hours per day. This was the main source for the non-special
importance districts. The Ministry of Interior gives more funds for Long-term public
work programmes in those counties, where the number of micro-regional model pro-
grammes is low or they do not exist at all. On average this type of funding amounted
to 37% of the total funding between 2013-2017.

• National public works programmes: these programmes are organised by state-owned
corporations (e.g. Hungarian Railways - MÁV, fire service, national parks, forest
management plants etc.), for tasks including flood control or maintenance works in
public transport infrastructure. On average this type of funding amounted to 21%
of the total funding between 2013-2017.

The share from the total funding of these programme types did not change much during
2013-2017. There were other subcategories but they varied across years and did not have
significant funding. The organiser of the PW can decide on the type of work (e.g in
a village the mayor can choose from road maintenance, agricultural projects etc.). The
public workers’ wage is the same in the whole country and in every type of programme. It
is less than the minimum wage (see Table A.12 in Appendix).

PW employers can be the central government, local municipalities, churches, social
cooperatives and some specified businesses (see details in Appendix A.2). In PW the yearly
days of the holiday are less than in a normal job. It is 20 days regardless of the employee’s
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age (in other types of jobs it increases by the age of the employee). This stricter rule is
also an incentive to find a job in the primary labour market. Those who get unemployment
benefit should accept the PW regardless of their educational level. Otherwise, they lose
the unemployment benefit. Previously jobseekers were forced to accept the work only if it
fitted their educational level (Bördős (2015)).

A typical PW job is a street cleaner or a kitchen helper. In these kinds of occupations,
the skill improvement is in time-management (to get to the job on time) or in social skills
(e.g. conflict management). At the first glance, these skills look very trivial for those, who
have stable jobs, but roughly half of the public workers were out of the labour force for
a long time. For them to acquire these elementary skills is essential to find a job in the
private sector. Other typical PW jobs are agricultural occupations, for instance, vegetable
grower, grapes and fruit grower, forestry worker. In these jobs, they can learn special
occupational-related knowledge, which can be used during the job search and in a new
private sector job. There are some white-collar jobs in the PW as well. For instance,
general office administrator. The two-digit level occupations, where the public work share
is the highest can be found in Table A.13 in Appendix.

1.4.2 Fundamental subsidising rules

The Hungarian government categorised the districts according to their development. Those
districts, which are below the country average development level can apply for more funds
in the PW programmes. Only those districts can participate in the ’micro-regional model
programmes’, which were considered as special importance districts1. A district is special
importance (kedvezményezett) if the complex indicator is below the country average (46.68).
An average district contains 1-4 towns and some villages or just a larger city. The average
population in a district is 56 thousand people.

The complex indicator is the average of socio-demographic indicators, housing indicat-
ors, local economic indicators, infrastructural and environmental indicators (see details in
Appendix A.1.3).

The special importance districts (Figure 1.2) got more funds for PW programmes than
the others. The less developed a district is the more PW funds it gets (see Figure 1.3).
There is a clear discontinuity in per capita PW-cost around the country average (Figure

1311/2007. Korm. rendelet later 290/2014. Korm. rendelet
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Figure 1.2: Special importance districts

Non special imp. dist.
Special imp. districts

Source: 290/2014. Korm. rendelet.

1.4). The main difference is due to the micro-regional model programmes, which amounted
to roughly 40% of the total costs on the country level. These programmes are only available
for special importance districts.

Although the 290/2014. Korm. rendelet is the base regulation there is another reg-
ulation2, which supplement this rule. According to this, those settlements, where the
registered unemployment rate is 1.75 times higher than the country average can be con-
sidered as special importance settlements. Based on this Gyula and Komló districts can
be considered as special importance districts (they lost this status in 2017) although their
complex indicator is greater than the country average. That is why I exclude these districts
from the regressions.

Parallel with the introduction of the PW programmes the transfer system was reformed
considerably (for details see Appendix A.3). The type of social transfers and the total
amount paid was cut back remarkably. The total social transfers (without sick leave and
pension payments) decreased from 6.2% of GDP in 2010 to 3.9% of GDP in 2017 (source:
CSO). The decrease was independent of the complex indicator, which helps to disentangle
the effect of PW from the social transfer change.

1.4.3 Database and descriptive statistics

The database of the Hungarian State Treasury (MÁK) contains every individual, for whom
the employer paid pension contribution. Those who are employed in the public work scheme

2105/2015. Korm. rend.
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Figure 1.3: The total costs of PW-programmes/population for districts
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Figure 1.4: The per capita PW-cost and the complex indicator in 2015
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can be separated in the database since September 2011. I transformed this database into
a district and two-digit occupational level database. I averaged the private sector wages in
every district two-digit occupational cell weighting by the employment time (see the cal-
culation of the private sector wage in Appendix A.1.1). It gives 40 occupational categories
per district on average. The unit of observation are these district two-digit occupational
cells (see descriptives in Table A.10 and A.11 in Appendix). A district occupational cell
represents a small homogeneous labour market. By using them the idiosyncratic variation
in individual wages averages out. The technical advantage is the considerably smaller data
set, which implies faster calculation time.

The budget for the PW programmes increased considerably between 2011 and 2017.
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Table 1.2: PW headline statistics

Total expenditure of PW Public workers
in billion HUF as a share of GDP FTE as a share of LFS FTE

2011 66.5 0.23% 22 000 0.6%
2012 132.9 0.46% 99 000 2.8%
2013 17.5 0.56% 125 000 3.5%
2014 224.4 0.69% 184 000 5.0%
2015 252.7 0.73% 199 000 5.1%
2016 267.6 0.75% 218 000 5.5%
2017 266 0.68% 181 000 4.4%
FTE: full-time equivalent, LFS FTE: Labour Force Survey, full-time equivalent, without those,
who work abroad. Sources: cost: the budget of Hungary, GDP: KSH, FTE: MÁK, LFS: KSH

At the peak, it was as much as 0.75% of the Hungarian GDP. The full-time equivalent
(FTE) number of public workers grew accordingly. It reached its peak in 2016 when there
were 218 thousand public workers, which was 5.5% of the total employment (Table 1.2).
The large amount of funding and the high share of public workers makes this programme
suitable to look for general equilibrium effects.

Figure 1.5: The occupational distribution of public workers and non-public workers
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Note: Average of years 2012-2017. Occupational categories: 1 Managers, 2 Professionals, 3 Technicians and
associate professionals, 4 Office and management, 5 Commercial and services occupations, 6 Agricultural
and forestry occupations, 7 Industry and construction industry occupations, 8 Machine operators, assembly
workers, drivers of vehicles, 9 Elementary occupations not requiring qualification.

The occupational distribution of public workers and non-public workers differs a lot (see
Figure 1.5). The vast majority of public workers are employed in elementary occupations,
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which does not require any qualification (occupational category 9). The share of these
occupations is around 80% in every year. The second largest is the Office and management
(customer services) occupation category (occupational category 4), in which on average
5% of public workers are employed. The other categories are less than 5%. Due to this,
I expect the effect only in the elementary occupations category workers. There is no
difference in the share of elementary occupation (category 9) workers around the cutoff
before the programme (Figure 1.6).

Figure 1.6: Share of elementary occupation in the total employed by districts
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Between 2012-2014 almost half of the public workers was inactive one year before the
programme. This proportion declines after 2014. The pattern is the same in the case of
those, who were inactive two years before the PW programme (Figure 1.7). This phe-
nomenon clearly illustrates that the PW programme indeed increased considerably the
labour supply, which can affect private sector wages.

1.5 Empirical analysis
I would like to measure the spillover effect of the public work (PW) programme in Hun-
gary on private sector wages. In the most ideal thought experiment some districts would
be randomly chosen, where public work is implemented. Some of the public workers be-
come capable of filling private vacancies, which increases the labour supply in the treated
districts, leading to lower wages in the treated districts than in the non-treated ones.

The identification issue is that the PW program is not randomly allocated to districts
and it was in fact implemented in all districts. One could still compare wages across sectors
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Figure 1.7: The share of those, who were inactive before the PW programmes (24-57 years
old)
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where PW participation is high versus where it is low, but this comparison is misleading
because participation is endogenous, i.e., it is correlated with economic conditions that
affect wages. However, I can isolate some exogenous variation in participation using a
fuzzy RD design as explained below.

1.5.1 The Fuzzy RDD setup

My empirical strategy exploits the fact that, while the programme was introduced in a
non-random manner, the least developed districts got considerably more funds and the
share of public workers is also higher in these districts. The allocation mechanism was
based on a development indicator. According to the government decree, those districts
are special importance districts, where the development level, measured by the complex
indicator, is below the country average. This rule allows the use of regression discontinuity
design. In the RDD below the cutoff, the policy is implemented, above the cutoff, there is
no change in the policy (or vice versa). Since only 40% of the total funds are distributed
in this way, the difference below and above the cutoff is not the treatment status rather
the treatment intensity.

There are two fundamental assumptions for RDD to be valid. Firstly, districts cannot
precisely manipulate the assignment variable. This assumption holds due to at least two
reasons. The assignment variable (complex indicator) is calculated based on several so-
cioeconomic variables, which cannot be manipulated by the districts. Furthermore, based

17

C
E

U
eT

D
C

ol
le

ct
io

n



10.14754/CEU.2021.05

Figure 1.8: The distribution of the complex indicator among districts
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on the histogram of the complex indicator there is no sign of bunching around the cutoff
(Figure 1.8). The variation that RDD isolates can be considered randomised as a con-
sequence that districts have very limited or no control over the complex indicator (Lee and
Lemieux (2010)).

The other fundamental assumption of RDD is that districts that were just under-
developed enough to receive more funds and districts that were just too developed not to
receive extra funds are similar to each other in terms of unobserved characteristics. This
assumption guarantees that the differences in outcomes between the two districts are due
to the PW programme (Lee and Lemieux (2010), Zimmermann (2012)). This assumption
holds since there is no discontinuous change in observed covariates around the threshold
(see Figure A.3 in Appendix).

Using the notation of Calonico et al. (2017) in the fuzzy RDD the observed outcome
is:

Yi =

{
Yi(1), if X > c

Yi(0), if X < c

where

• i is the index for district-occupational cells (see the calculation in Appendix A.1.1),
I pool the years between 2013-2017,

• Yi(1) is the outcome for a randomly chosen population unit if it is treated,

• Yi(0) is the outcome for a randomly chosen population unit if it is not treated,

• X is the running variable (or assignment variable), which is the complex indicator,
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• c is the cutoff value (46.68).

In my estimations, the main outcome variable is the full-time equivalent average wage
of a district-occupational cell in the private sector in elementary occupations (category 9).

The treatment intensity changes at the cutoff:

lim
ε↘c

Pr(D = 1|X = c+ ε) ̸= lim
ε↗c

Pr(D = 1|X = c+ ε) (1.1)

The causal parameter that can be identified as the treatment effect at the cutoff:

τ =
limε↘cE(Y |X = c+ ε)− limε↗cE(Y |X = c+ ε)

limε↘c E(D = 1|X = c+ ε)− limε↗cE(D = 1|X = c+ ε)
(1.2)

where

• Y is the outcome variable the log full-time equivalent average wage of the private
sector for district-occupational cells,

• D is the public worker share in a given district-occupational cell,

• Z is the instrument, a dummy variable indicating whether the complex indicator is
smaller than 46.68 or not.

Districts below the cutoff are allocated a significantly larger PW budget. Based on
Calonico et al. (2017) the treatment effect is identified nonparametrically using kernel-
based local polynomials on both sides of the cutoff.3

There is a clear discontinuity in the public worker share i.e., the treatment intensity of
a given-district occupational cell at the cutoff (Figure 1.9). I will use this discontinuity to
identify the causal effect. As districts immediately below the cutoff and above the cutoff
are presumably similar, this jump represents a plausibly exogenous variation in program
participation. Figure 1.10 shows that there is a corresponding jump in Y.

I restrict the sample to a neighbourhood of c and estimate the equation:

Y = ρD + β0 + β1(X − c) + β2(X − c)2 + ϵ (1.3)

3I use the Stata rdrobust command for the estimation (see the detailed description of the command
in Calonico et al. (2014) and Calonico et al. (2017)).
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Figure 1.9: The share of public workers in occupational category 9 and the complex indic-
ator
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Note: binscatter. The plotted line represents the local level estimator based on the original data. Sample:
2013-17, without Komló and Gyula districts. Share of public workers=(the number of public workers)/(the
total number of workers)·100 in a distric-occupational cell.

Figure 1.10: The log(private sector fte wage) in occupational category 9 and the complex
indicator
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2013-17, without Komló and Gyula districts.

using Z = I(X < c) as an IV for D. Thus the first stage is:

D = δZ + γ0 + γ1(X − c) + γ2(X − c)2 + η (1.4)

and the second stage is:

Y = ρD̂ + β0 + β1(X − c) + β2(X − c)2 + ϵ (1.5)

Using this method I essentially implement the Wald-type estimator:
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jump in wage at the cutoff
jump in public work share at the cutoff (1.6)

1.5.2 Main results

My estimates show that from the left of the cutoff the wages are 0.5% lower if public work
share increase by 1 percentage point (Table 1.3). This is in line with the first mechanism
in Section 1.2.

Table 1.3: Fuzzy RD estimates using local polynomial regression for log private fte wage
in occupational category 9, main specification

(1) (2) (3)
Robust Coef. -0.00545*** -0.00520** -0.00504*

St.error (0.00177) (0.00256) (0.00264)
Observations 2,595 2,595 2,595
Time horizon 2013-2017
Left BW 3.6 5.2 9.2
Right BW 3.6 5.2 9.2
Obs. on the left 195 315 630
Obs. on the right 180 270 465
Order of polynomial 0 1 2

The outcome variable is the log fte private sector wage, the running variable is the
complex indicator, the treatment variable is the proportion of public workers in a
district-occupational cell. Additional covariates are year FE’s. The threshold is 46.68.
The sample does not contain Gyula and Komló districts. Standard errors are clustered
at district level. *** p<0.01, ** p<0.05, * p<0.1

Table 1.4: The first stage estimation in occupational category 9, main specification

(1) (2) (3)
Robust Coef. 9.979*** 10.253*** 10.51***

St.error (2.387) (2.997) (3.267)
Observations 2,595 2,595 2,595
Time horizon 2013-2017
Left BW 3.6 5.2 9.2
Right BW 3.6 5.2 9.2
Obs. on the left 195 315 630
Obs. on the right 180 270 465
Order of polynomial 0 1 2

The table contains the first stage estimation of fuzzy RD. The outcome variable
is the proportion of public workers in a district-occupational cell, the running
variable is the complex indicator. Additional covariates are year FE’s. The
threshold is 46.68. The sample does not contain Gyula and Komló districts.
Standard errors are clustered at district level. *** p<0.01, ** p<0.05, * p<0.1
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The first stage results show that in elementary occupations there is a 10 percentage
point difference in the share of public workers between the left and the right side of the
cutoff (Table 1.4).

To put the results into context it is worth mentioning that between 2013-2017 the
average yearly inflation rate was 0.8%, therefore these results could be interpreted as real
wage differences. The annual wage growth was 5.8% on average in the private sector, the
annual minimum wage growth was 6.6% on average between 2013-2017. This means that
in the 2013-2017 period the effect equals almost one-year wage increase in the treated
districts for those who work in elementary occupations.

To assess the external validity of the results one has to take into consideration that
during this period there was an economic boom in Hungary with an emerging labour
shortage. It is still a question that during a recession or sluggish economic growth how
these results would change.

Besides the wage effect, it is worth examining whether there is a change in labour
demand. Based on the same calculations there is a positive parameter estimate although
it is not significant (Table 1.5). In the short run the low-skilled workers’ employers cannot
adopt in the capital so they cannot employ more workers (e.g. in an orchard the employer
does not need more workers for harvesting in the short run because of the fixed number of
trees).

Table 1.5: Fuzzy RD estimates using local polynomial regression for log employment in
occupational category 9, main specification

(1) (2) (3)
Robust Coef. 0.0456 0.0359 0.0493

St.error (0.0339) (0.0416) (0.0447)
Observations 2,595 2,595 2,595
Time horizon 2013-2017
Left BW 2.8 5.3 9.6
Right BW 2.8 5.3 9.6
Obs. on the left 165 345 645
Obs. on the right 105 285 555
Order of polynomial 0 1 2

The outcome variable is the log employment in private sector, the running
variable is the complex indicator, the treatment variable is the proportion
of public workers in a district-occupational cell. Additional covariates are
year FE’s. The threshold is 46.68. The sample does not contain Gyula and
Komló districts. Standard errors are clustered at district level. *** p<0.01,
** p<0.05, * p<0.1
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1.5.3 Discussion

Table 1.6: Effect of PW programmes on private sector (literature)

Country Short description of the
programme

Paper Results on
private sector

Note

India
duration: up to 100
days/year, wPW > wp

and wPW = wmin,
mainly agricultural
jobs, 4.5% of
population
participated

Azam (2012) ⊕w, ⊕emp ef-
fect

analysis restricted to
casual workers

Imbert and
Papp (2015)

⊕w, ⊖emp ef-
fect

crowd out in private
sector work

Zimmermann
(2020)

no wage effect,
⊕emp effect

Muralidharan
et al. (2020)

⊕w, ⊕emp ef-
fect

implement wage floor,
PW is a real outside
option

Yemen duration: 51 days,
wPW > wp, 0.6%
of population particip-
ated

Christian et al.
(2015)

⊕w, ⊖emp ef-
fect

Liberia duration: 40 days,
wPW > wp, 0.4%
of population particip-
ated, only one oppor-
tunity to participate

Wodon (2012) no effect due to high labour sur-
plus and limited size of
the programme

US wPW > wmin 4.5% of
population participates

Wray et al.
(2018)

⊕w, ⊕emp ef-
fect

just a simulation, not a
real programme

Note: wPW : public work wage, wp: private sector wage, wmin: minimum wage, emp: employment,
⊕: positive effect, ⊖: negative effect

There are very few papers, which deal with the effect of a PW programme on private
sector wage (Gehrke and Hartwig (2018), Kálmán (2015)). Those who cover this question
mainly find a positive wage effect (see Table 1.6). My result is a negative wage effect, which
is (according to my current understanding) unprecedented in the literature. What could
be the reason for this difference? There are several differences between the Hungarian and
the previously analysed programmes, which is explained in the following section.

Firstly, in the Hungarian programme, the wage is lower than the minimum wage (not to
mention the private sector average wage, see Table A.12 in Appendix). Therefore based on
the wage the PW job is not a real outside option for workers. Gehrke and Hartwig (2018)
emphasise that if the PW wage is larger than the private sector wage and the employment
of the PW is also considerable then upward wage pressure will be present on the private
labour market. In Hungary, the first condition is missing therefore wage pressure is not
likely.

Secondly, Muralidharan et al. (2020) find that after the programme the participants’
reservation wage increased significantly. Based on the Labour Force Survey (LFS) the
reservation wage of the Hungarian PW participants did not change much. Between 2012-
2017 the mean change in reservation wage for public workers after participating in the
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programme is HUF -123 (EUR -0.34), and the median change is HUF 0.4 This fact also
shows that the Hungarian PW did not increase the participants’ bargaining power.

Thirdly, several articles emphasise that PW programmes help to enforce minimum
wages (e.g. Imbert and Papp (2015)), where the implementation of this rule is otherwise
poor. This contributes to the positive wage effect. This is not the case in Hungary because
the minimum wage is really binding (e.g. Bíró et al. (2020)).

Moreover, Koltai et al. (2018) find that the Hungarian PW programme indeed helps
to improve some non-cognitive competencies of the participants (e.g. communication,
conflict management, problem-solving, time management). Furthermore, the programme
contributed to building self-competence. These are basic competencies, which are essential
in getting and keeping a job but hardly in helping to improve bargaining power with the
employer. To put it differently, the PW programme helps participants to take the first
steps in the labour market but they have to improve their skills in their first job. The PW
programme “give basic skills to improve further skills”.

The total average time spent in the programme over the period 2011-2017 is 604 days
(the median is 412). The annual average is between 70-247 days (see Table 1.7), which is
larger than the other programmes covered in Table 1.6. The programme starts in September
2011 which is why the average value is considerably lower compared to other years.

Table 1.7: Annual average time PW programme

Year Mean p50
2011 70.4 61
2012 177.8 153
2013 155.1 122
2014 191.2 173
2015 220.6 234
2016 247.4 279
2017 238.9 270

Based on the literature and on my results the following argument can be made on the
connection between the PW and private sector wages. Let wp(L

S
0 ) denote the wage of the

private sector in period 0 and ∂wp

∂LS < 0. If wPW > wp(L
S
0 ) then the labour supply for the

private sector decreases (LS
0 > LS

1 ) because it is worth working in the PW rather than in

4Here I cannot show more details because the LFS sample is not representative on the district level.
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the private sector. Due to this wages in the private sector will increase (wp(L
S
0 ) < wp(L

S
1 )).

This phenomenon was documented in the literature.
If wPW < wp(L

S
0 ) then PW is not a real outside option for private sector workers. If

the public workers come from inactivity and after participating in the programme try to
find a job in the private sector the labour supply will increase (LS

0 < LS
1 ), which will lead

to a decline in private wages (wp(L
S
0 ) > wp(L

S
1 )). This is what I have found using the

Hungarian data.
To sum up several authors (e.g. Muralidharan et al. (2020), Gehrke and Hartwig

(2018)) conclude that if the wage of the PW is higher than in the private sector and the
PW programme is sufficiently large there is an upward wage pressure in private sector.
The Hungarian PW is quite large but the wage is below not only the market wage but also
the minimum wage. Therefore my results are not contradictory to the current findings on
this topic rather they supplement it.

1.5.4 Placebo regressions and robustness checks

In the case of RDD design placebo tests help to justify that the effect is due to the policy
change and not other factors. That is why I make some placebo tests as well.

Firstly, I used the before programme period (2009-2012). The coefficient is not stable
using a different order of polynomial and not significant (Table 1.8). Based on the scatter-
plot there is no spike around the cutoff in the pre-period (Figure A.2 in Appendix). This
confirms the results in the main specification because before the programme private sector
wages were very similar close to the cutoff among the elementary occupations.

Secondly, I use those sectors, where the share of public workers was very small or nil
(occupational category 1-4). To make sure that there are no occupations where the wage
is for the low-skilled, I use those where the average wage was above the median wage in
2009. Using this restriction guarantees that the occupational categories are selected before
the programme. The coefficients are close to zero and not significant (Table 1.9).

There are other robustness checks in Appendix A.4.
The main threat to identification is the fact that the transfer system was modified

simultaneously with the introduction of the PW. On the other hand, the cutting back was
uniform across districts so the threshold, which exists for the PW programme does not
have any role in the transfer system reform. The RDD estimations confirms this (Table
1.10) argument.

My results show that the PW programme has indirect effects on those who do not par-
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Table 1.8: Sharp RD estimates using local polynomial regression for log private fte wage
for occupational category 9, placebo

(1) (2) (3)
Robust Coef. -0.0334 -0.0554 0.0438

St.error (0.0304) (0.0351) (0.0587)
Observations 1,782 1,782 1,782
Time horizon 2009-2012
Left BW 2.7 7.0 7.1
Right BW 2.7 7.0 7.1
Obs. left of the cutoff 115 326 336
Obs. right of the cutoff 72 256 256
Order of polynomial 0 1 2

The outcome variable is the log fte private sector wage, the running variable is
the complex indicator. Additional covariates are year FE’s. The threshold is
46.68. The sample does not contain Gyula and Komló districts. Standard errors
are clustered at district level. *** p<0.01, ** p<0.05, * p<0.1

Table 1.9: Sharp RD estimates using local polynomial regression for log private fte wage
for occupational category 1-4, placebo

(1) (2) (3)
Robust Coef. -0.00201 -0.00286 0.0178

St.error (0.0345) (0.0464) (0.0534)
Observations 13,547 13,547 13,547
Time horizon 2013-2017
Left BW 4.0 7.5 9.4
Right BW 4.0 7.5 9.4
Obs. left of the cutoff 1245 2812 3195
Obs. right of the cutoff 1140 2262 2936
Order of polynomial 0 1 2

The outcome variable is the log fte private sector wage, the running variable is
the complex indicator. Additional covariates are year FE’s. The threshold is
46.68. The sample contains those district-occupational cells, where the average
wage was above the median wage in 2009, without Gyula and Komló districts.
Occupational categories: 1 Managers, 2 Professionals, 3 Technicians and asso-
ciate professionals, 4 Office and management (customer services) occupations.
Standard errors are clustered at district level. *** p<0.01, ** p<0.05, * p<0.1
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Table 1.10: Sharp RD estimates using local polynomial regression for change in per capita
transfers

(1) (2) (3)
Robust Coef. -0.225 -0.220 0.363

St. error (0.436) (0.490) (1.029)
Observations 1,211 1,211 1,211
Time horizon 2011-2017
Left BW 4.0 11.9 10.6
Right BW 4.0 11.9 10.6
Obs. left of the cutoff 112 385 350
Obs. right of the cutoff 91 287 273
Order of polynomial 0 1 2

The outcome variable is the change in per capita transfers in thousand
HUF, the running variable is the complex indicator. Additional covariates
are year FE’s. The threshold is 46.68. The sample contains every district
except for Gyula and Komló districts. Standard errors are clustered at
district level. *** p<0.01, ** p<0.05, * p<0.1

ticipate in the programme. This is important because if someone wants to assess the whole
welfare impact of the programme this should be taken into consideration. To precisely
calculate the welfare impacts of the PW programme an analysis on how does the PW pro-
gramme altered the job-finding rate of participants is necessary. There are studies, which
measure the job-finding rates of public workers (e.g. Bakó et al. (2014), Cseres-Gergely
and Molnár (2014)) but none of these deal with the counterfactual status. My research
documents the indirect effect of the programme, which is a niche in the literature, espe-
cially in the Hungarian context. To summarize the total welfare effects of PW is beyond
the scope of my paper.

The cost and benefit analysis of the PW is a very important aspect of the programme.
The full analysis is out of the scope of my paper but I can give a short overview what can
be the steps to be able to judge the programme. The direct cost of the PW is available
from the budget of Hungary (see Table 1.2 in my paper). Since the decrease in transfers
was parallel with the programme and was on purpose to incentivise the inactive to find
a job, the saving on this should be taken into account. The main question is how did
the programme affect the participants’ job finding possibilities. This question can be a
topic of another paper. Furthermore, my results can be used as valuable input when
someone compares privates sector wages for those who came from PW with those who
were unemployed before. The direct effect can be measured by comparing two employees’
wages, out of whom one was a public worker the other was unemployed before their current
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work. In this way, one can estimate how effective was the programme for the participants
or they would be better off by just searching for a job by themselves. This estimation
procedure would be another interesting paper. To calculate the real counterfactual low
skilled private sector wage, it should be considered higher due to the indirect effect of the
PW programme, which I calculated in this study.

1.6 Conclusion
In this paper, I have evaluated the effect of public work programmes in Hungary on the
private sector. I have found that a 1 percentage point increase in the public work share
among the elementary occupations decreases the private sector wage by 0.5%. This negative
effect is unprecedented in the literature. The reason for this is the different institutional
setting of the Hungarian programme, namely the lower public work wage. The fact that
the participants’ reservation wage did not increase after the programme also contributes
to this result. I have not found any employment effect, which is probably due to the short
time horizon, which I have examined.

To estimate the indirect effect I have used the allocation mechanism of the programme.
A large proportion of the PW budget is allocated using the development status of the
districts. Those districts, which are above the country average got significantly less financial
support from the central government, which results in fewer public workers. I can use this
difference for a fuzzy RD design.

My results can be used as valuable input for a whole programme evaluation to assess the
direct and indirect effects. Especially it is useful when someone compares privates sector
wages for those who came from PW with those who were unemployed before. If someone
wants to calculate the real counterfactual low skilled private sector wage, it should be
considered higher due to the indirect effect of the PW programme.

A further research focus can be the analysis of the effect on participants. Especially on
their job-finding rate. Although there are some results about the public workers’ employ-
ment probability an analysis with control groups is missing. Another area of the research
could be a full cost-benefit analysis of the programme.
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Chapter 2

The Effect of Tightness on Wages at
the Regional Level in Central Europe

“for the labourer is worthy of his hire”
Luke 10:7

2.1 Introduction
Estimating migration effects on wages in both sending and receiving countries is a popular
and important topic in labour economics. There is a large amount of evidence that the
number of newcomers has a negative effect on native workers’ wages (e.g. Altonji and
Card (1991), Card (2001), Monras (2020)), especially among the low-skilled employees.
On the other hand, there are studies, which find a non-significant (e.g. Boustan et al.
(2010)) or even positive effect (e.g. Dustmann et al. (2012)). The situation in the sending
countries is less covered. The few existing papers (Mishra (2007), Aydemir and Borjas
(2007), Dustmann et al. (2015)) find that emigration has a positive effect on wages in the
sending countries due to the decreasing labour supply.

In 2011 every administrative obstacle was removed from the Hungarians to work in
Austria. The data of the Austrian authorities show that the number of Hungarians tripled
during 5 years and the Hungarian workers concentrate along the Austrian-Hungarian bor-
der. In some parts of these areas, the share of Hungarians out of the total number of
employees reaches 35%. This negative labour supply shock makes it possible to estimate
the effect of tightness (the ratio of vacancies to unemployment) on wages in Hungary. If
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a Hungarian employee starts working in Austria it means one new vacancy in Hungary,
which increases the labour market tightness. If a Hungarian unemployed finds a job in
Austria the tightness also grows.1

From a theoretical standpoint, the Mortensen-Pissarides model (Mortensen (1982),
Pissarides (2000)) predicts that the tightness has a positive effect on wages. There are
very few empirical papers estimating this effect (Harmon (2013)) and the results are not
conclusive. The identification issue is the endogeneity of tightness in the wage equation.

To overcome the endogeneity issue I use instrumental variables (IVs) to estimate the
effect of tightness on wages. In this paper, I use annual district level data from Hungary
and Slovakia. Districts can be considered as local labour markets. An average district
has a bigger town and some villages or smaller towns. The data availability for the two
countries is different, therefore I consider the Slovakian estimate as a robustness check to
the Hungarian results. My IV is the interaction of a district’s geographical distance to the
Austrian border with a dummy variable that indicates the opening of the Austrian labour
market in 2011 (and after). The commuting cost to Austria is low in the districts along
the western border. Due to commuting from these regions, the labour supply is lower, so
the tightness is higher.

There are potential threats to the validity of the instruments. Firstly, tightness is
correlated with development, and the distance from Austria is also correlated with the
development level of the districts. To overcome these issues I control for development by
using regional fixed effects. Furthermore, I use only the North-western districts, which are
the most developed in Hungary. In this way districts with similar development level are in
the sample. Another potential threat to validity can be the increase in the trade between
Austria and Hungary, which can affect labour market outcomes as well. According to trade
data, there was not any extensive change in trade after 2011 and the share of Hungarian
exports to Austria did not change much either.

Estimating a panel IV model, I obtain positive parameter estimates for the tightness
effect with a reasonable magnitude. If tightness in Hungary grows by 1% then wages
increase by 0.08%. The average annual tightness growth rate was 32% during the sample
period, which according to my estimation caused a 2.5% wage increase. This measure
is considerable since the yearly average change in wages was 5.6% between 2009-2017.

1In principle, inactive people can also go to work in Austria, in which case tightness does not change.
On the other hand, this is not likely to be a large flow.
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Robustness checks show that the result is quite stable but it concentrates on the blue-
collar occupations, which is intuitive since 75% of Hungarian employees in Austria work in
blue-collar jobs.

As a robustness check, I use Slovakian data as well. The number of Slovak workers in
Austria also rose considerably after 2011 and they also concentrate in regions along the
border. The parameter estimate for the tightness is somewhat larger but the quantitative
conclusion is similar to the Hungarian case. In both countries, roughly half of the wage
growth was due to the tightness increase during the 2009-2017 period.

The paper makes three contributions to the existing literature. Firstly, I empirically
estimate the tightness coefficient in the wage equation and I confirm the prediction of the
Mortensen–Pissarides model. My contribution is to directly identify the effect of tightness
on wages from regional heterogeneity using data from two Central European countries.

Secondly, I contribute to the existing literature on the wage effects of emigration. The
larger part of this literature focuses on the wage effect in the receiving countries, while a
smaller part concentrates on the sending countries. My research fits into the last category.

Thirdly, my results can be used in policy making, for instance in the case of monetary
policy or designing the state budget. Since wages are major determinants of cost-push
inflation, the effect of tightness on wages is important in an inflation-targeting monetary
policy framework. The personal income tax is one of the largest income of the state budget
that is another reason why tightness has a role in public policy.

The rest of the paper is organized as follows. In Section 2.2 I summarize a modified
version of the Mortensen–Pissarides search and matching model focusing on the wage
equation. I briefly summarize the related literature in Section 2.3. I elaborate on the
identification method in Section 2.4. The data sources and the variables which I use and
the estimated equations can be found in Section 2.5. I summarize my results in Section
2.6.

2.2 Model setup
I briefly summarize a modified version of Mortensen–Pissarides model (Pissarides (2000))
or as also known the search and matching theory based on Roshchina (2016). For the
detailed model see Appendix B.4.

In this setup, the firms can only produce using capital and labour together. The
jobseekers look for an unfilled vacancy. If a vacancy and an unemployed is matched, a
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productive job is created. It is costly (in time and in other resources) both for the firm
and for the unemployed to find a suitable match. This searching time generates frictional
unemployment. One of the key concepts of this model is that the probability of matching
depends on the ratio of vacancies to the number of unemployed. This ratio is called labour
market tightness. In this model, job creation and destruction are independent of market
shocks, that is why there are unemployed who are in search of new jobs.

The labour supply is the sum of employed and unemployed. For the jobseeker, the
return on being unemployed is the unemployment benefit plus the expected value of finding
a job. For the employee, the return on employment is equal to his wage and the expected
value of losing the job.

The labour demand consists of the filled jobs and the vacancies. Each firm has a flow
revenue from the production, which is given and they can only decide on the number of
posted vacancies. For the firm, the flow return on a vacancy is the expected gain of finding
a suitable worker and the cost of posting the vacancy, while the value of a filled job is
the profit (the difference between revenue and wage) plus the expected value of the job
becoming vacant.

The wage is determined during a Nash bargaining method. When a job seeker fills a
vacancy both the worker and the firm is better off and a surplus is generated. The total
surplus is divided between the worker and the firm. The equilibrium wage is:

w = β(y + γ0θ) + (1− β)z (2.1)

where

• β is the bargaining power of the worker,

• y is the production of the firm,

• γ0 is the cost of an open vacancy, i.e. the cost of the time and resources (e.g.
advertising costs) used to find a suitable employee,

• θ is the labour market tightness,

• z is the unemployment benefit, i.e. the outside option of the worker.

This means that the wage is the convex combination of the unemployment benefit and
the firm’s surplus. The firm’s surplus is the sum of the output and the expected cost
savings if the firm fills the vacancy. If tightness grows, the probability of filling a vacancy
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diminishes, and consequently, it will be more costly not to fill it. It follows from this mech-
anism that with the increase in tightness the wage also grows. It is also worth mentioning
that labour market conditions only affect the wage through θ. Therefore, unemployment
(rate) alone does not affect wages, and it is only the vacancies to unemployment ratio
which matters. This is because wages are determined in the Nash bargaining process after
the firm meets the job seeker. Tightness determines not only how long a vacancy is open,
but also the expected cost to search for an employee. I estimate equation (2.1) by panel
IV method.

My focus is on the tightness parameter but it is worth noting that there are modified
versions of Mortensen-Pissarides model (e.g. Shimer (2005), Hall and Milgrom (2008),
Diamond (2011), Ortego-Marti (2017)). These papers argue that the unemployment and
vacancies are more volatile in the US data than in the model and present different modi-
fications to the model.

2.3 Literature review
My research connects to several strands of literature. Firstly, it fits into the recent body
of literature, which documents the effect of labour market tightness on different labour
market outcomes. In my paper, I show how tightness affects wages, which is a niche
in the literature. Secondly, my paper also contributes to the empirical literature on how
emigration affects wages. Although, I do not have a direct measure of the number of workers
emigrating from Hungary (at least not on district level), I have an indirect measure via
labour market tightness.

Labour market tightness is the ratio between vacancies and unemployment. There are
papers that examine how these two components separately affect wages. A growing body
of empirical literature focuses on the connection between characteristics of vacancies and
wages. For instance, Faberman and Menzio (2018) find that the wage decreases if the
number of applicants increases. On the other hand, Marinescu and Wolthoff (2020) argue
that by controlling for job titles wage is positively related to the number of applicants.
There are also different results on the connection between wages and the duration of
vacancies. While Faberman and Menzio (2018) find that wages are positively related to
the duration of vacancies, Mueller et al. (2018) shows that vacancy durations are positively
related to wages in the raw data but by controlling for firm and worker characteristics the
connection becomes negative.
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In their seminal work Blanchflower and Oswald (1995) argue that local unemployment
has an effect on wages, which is considered as an ‘empirical law of economics’. In their work,
they use the unemployment rate for locations and industries in the US. They find that if
unemployment decreases by one per cent then wages increase by 0.1 per cent. The authors
find similar results in their later work (Blanchflower and Oswald (2005)) as well. My paper
differs from their work in several aspects. Firstly, the wage curve can be considered as an
empirical rule of thumb, not a causality relationship. My identification strategy makes it
possible to estimate a causal relationship between tightness and wages. Secondly, I use the
ratio of vacancies over unemployment instead of the unemployment rate. Furthermore, my
specification makes it possible to test directly the implication of the Mortensen-Pissarides
model. There exist wage curve estimations for Hungary as well. The authors find similar
results as Blanchflower and Oswald (1995) (e.g. Delteil et al. (2004), Kertesi and Köllő
(1997), Kertesi and Köllő (1999), Csáfordi (2014)).

Literature on the connection between wages and unemployment finds that the longer
someone is unemployed the lower the wage he earns after finding a new job and the new
job is more unstable (Arulampalam (2001), Stewart (2007), Boheim and Taylor (2002),
Ortego-Marti (2017)).

Nobilis (2011) estimates the relationship between labour market tightness and wage
dynamics in Hungary between 2000-2009. He uses the level and change of unemployment
and the hazard rate of inflow and outflow to unemployment. He does not use vacancies
because the data is available from 2009. His identification rests on variation across occu-
pational groups, while I use more sophisticated data (district-occupational level data). He
overcomes the wage-unemployment endogeneity issue by using the lags of unemployment,
while I use the distance measure and a time dummy as an IV. He finds that a 10 per cent
increase in unemployment leads to a 0.5 percentage point lower annual wage growth. The
magnitude is similar to my estimation but the sign is negative, which is not surprising since
he uses unemployment while I use the vacancy per unemployment ratio. To identify the
tightness effect on wages I use a novel IV method and a more detailed data set not just for
wages but vacancies as well. Our results do not contradict each other rather supplement
it.

A recent set of empirical studies examines the impact of tightness on different labour
market outcomes. Antczak et al. (2016) find that tightness had a positive significant effect
on job creation. Modestino et al. (2016) argues that labour market tightness has an effect
on skill requirements, while Muehlemann and Strupler Leiser (2018) finds that search costs
are positively associated with labour market tightness. Roshchina (2016) finds that using
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Brasilian data employment is more sensitive to wage changes than to changes in tightness.
There is inconclusive evidence between the connection of wages and tightness. Harmon
(2013) finds ambiguous results about the sign and the magnitude of the parameter of
tightness in the wage equation and concluded that according to theory it should have
been positive, so further research is needed. In my paper, I empirically demonstrate that
tightness indeed has a positive effect on wages.

My research can be connected to Welch (1979)’s results as well. He finds that the larger
a new cohort in the labour market, the smaller the starting wage is. I find that there is
an effect only in that occupational category, where the relative size of public workers is
the largest. To draw a parallel with Welch (1979)’s work the cohort is the occupational
category in my work. What is different though is that Welch (1979) estimates the effect
on own wages, while I concentrate on indirect effect.

My paper also contributes to an emerging empirical literature on the effect of migration
on wages. The larger part of the literature deals with the effect on wages in the destination
countries. Most of these papers find a negative effect of immigration on the native’s wage
(see the early works by Altonji and Card (1991), Card (2001), Angrist and Kugler (2003),
Borjas (2003), more recent ones by Dustmann et al. (2017), Edo and Rapoport (2019),
Monras (2020)) but there are some evidence on very little (e.g. Card and Lewis (2007)) or
no effects at all (Dustmann et al. (2005)). In their meta-analysis Dustmann et al. (2016)
find that the literature on the impact of immigration is inconclusive. An exhaustive meta-
analysis of forced displacement (Verme and Schuettler (2021)) shows that roughly half
of the studies find a non-significant effect, while the remaining part identifies a negative
effect on wages, especially in the case of low-skilled workers. The other large part of
this literature focuses on the wage gap between migrants and native workers (see. e.g.
Elliott and Lindley (2008), Hofer et al. (2017), Smirnykh and Polaykova (2020), Longhi
(2020), Botello-Peñaloza (2021)). There is evidence that the fluctuation in the destination
country’s GDP has a considerable effect on migrant numbers (McKenzie et al. (2014)).

My paper fits into the smaller body of literature focusing on the effect in the sending
countries. One of the earliest empirical papers about this topic is by Mishra (2007). She
uses the US and Mexican censuses between 1970-2000 to identify the effect of Mexican
emigration to the US. She finds that emigration has a strong and positive effect on Mexican
wages. Aydemir and Borjas (2007) also uses censuses from these countries and Canada
and they find that a 10% decrease in the labour supply induces a 3-4% increase in wages.
Mishra (2007) concludes to the same magnitudes. Another article, which is in strong
connection with my research is by Dustmann et al. (2015). They use Polish LFS data
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between 1998-2007 to identify the effect of emigration on Polish wages. They found that
mostly intermediate-level skilled workers left the country and the wages of this skilled
group increased the most. They found zero effect in the low-skilled group and a slightly
positive in the high skilled group. The authors also emphasise that from 1998 to 2007
the emigrant share increased from 0.5 to 2.3% and in some regions to 5.6%, which was a
considerable change in the emigration process. In these three papers, there is exact data
on the number of emigrants with their previous place of residence. Since I do not have
this type of data I have to use another measurable factor. Dustmann et al. (2017) uses the
distance from the German border to instrument the number of Czech workers in Germany.
I use the distance from the Austrian border and the opening of the Austrian labour market
as an IV for tightness. The negative labour supply shock makes it possible to estimate the
effect of tightness on wages.

2.4 Identification method
I would like to estimate the effect of labour tightness on wages. The main issue here is
that not only tightness has an effect on wages, but wages also affect tightness. If tightness
grows, it indicates more competitive labour demand, which results in higher wages. On the
other hand, growing wages mean that the outside option (unemployment benefit) is less
desirable. Higher wages can attract inactive people to the labour market. Firstly, these
people become unemployed and later can find a job. This process results in an expanding
number of unemployed, which means that tightness decreases.

In the most ideal thought experiment some districts would be randomly chosen, where
an exogenous negative labour supply shock happens (e.g. a decrease in retirement age
or an increase in compulsory school leaving age). Due to this shock the labour market
tightness increases (e.g. some unemployed and some workers become retired therefore the
number of unemployed falls). This increase has an effect on wages, which can be measured
because there are districts, where there is no such change.

The external negative labour supply shock is the opening of the Austrian labour market
in 2011 for the newly joined members of the European Union. After 2011 every adminis-
trative obstacle was removed from the citizens of the newly joined member states to work
in Austria. In an ideal case, I would have a database on the Hungarian workers’ origin in
Austria on the district level. In this case, I can easily calculate how large was the labour
supply shock in each Hungarian district due to the opening of the Austrian labour market.
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Figure 2.1: Number of Hungarian and Slovak citizens, who work in Austria
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Source: Austrian Social Security Database.

Since I do not have this information I use the distance from the Austrian border as an in-
strumental variable. Living closer to Austria means that the cost of commuting is smaller.
The exact IV is the interaction of the distance and the after 2011 dummy.

In 2011 the dynamics of the number of Hungarians who work in Austria rose consid-
erably (see Figure 2.1). Based on the Austrian Social Security Database the highest share
of Hungarian employees is along the border (Figure 2.2). Although the place of resid-
ence is not known in this Database, one can suppose that closer to the border Hungarians
commute since living expenses are lower in Hungary.

The Hungarian Labour Force Survey contains some of the employees in other countries.
It contains those emigrated workers who can be considered as commuters. They have
a household member in Hungary who can answer the LFS questionnaire instead of the
emigrated worker. The LFS does not contain those, who (temporarily) migrated to another
country with their whole family. Based on the LFS in 2011 there were 20.8 thousand
Hungarians who worked in Austria, which was 32% of the commuters. In 2015 the number
of commuters to Austria increased to 58 thousand, which was 43% of the covered commuters
in the LFS. 75% of those, who were commuters to Austria lived in Western-Danubia and
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Central-Danubia regions,2 which are the closest to Austria. This fact point towards that
my IV is strong in the Western part of Hungary, which is also confirmed by the estimation
results. For more details on the commuters in the Hungarian LFS see Bodnár and Szabó
(2014).

Figure 2.2: Proportion of Hungarian workers in Austria by municipality 2011-2015

Source: Schmieder (2019) p. 95. (Austrian Social Security Database)

The decreasing number of the Hungarian labour force resulted in rising labour market
tightness. The difference between the district level and the country average tightness is
the largest in districts close to the Austrian border. Tightness is higher than the country
average in these districts (see Figure 2.3).

Figure 2.3: Deviation from the country average in tightness and distance from Austria
(2011-2017)
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2The LFS does not have a district level decomposition, it is not representative on this level, that is why
I cannot use it as a key variable in my research.
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The number of Slovak citizens has also been growing rapidly since the labour market
opening in 2011. According to the Austrian Social Security database, the number of Slovak
citizens, who worked in Austria was around 10 thousand at the beginning of 2011 and it
tripled by the end of 2016 like in the Hungarian case.

There can be potential threats to the IV’s validity. The distance from Austria is
correlated with development since the more developed districts are in the western part of
the country in Hungary (and in Slovakia as well). In the developed districts wages are
also higher. Therefore, I have to control for development for which I use regional fixed
effects. Another type of control is the number of selected districts for the estimation.
In the main specification, not the whole country is included, only those districts, which
are closer to Austria than 3 hours. This means that only the north-western districts are
included (see Figure 2.4). These districts are more similar to each other in development
than the rest of the country. In fact, they are the most developed regions of the country.
The big development difference is between the east, northeast part of the country and these
districts.

Figure 2.4: Districts included in the main specification

Red: included districts, yellow: not included districts.

Another threat could be that after 2011 the trade increased rapidly between Austria and
Hungary, which can affect the Hungarian wages. The change after 2011 is not considerably
larger than in any other change between 2006-2019 (see Figure 2.5). The boost in trade
after 2009 is due to the recovery after the financial crisis. After Hungary joined the EU
in 2004 every trade barrier was removed between the two countries so there has not been
any administrative change on trade since then. Between 2006-2019 on average the share of
Austrian exports to Hungary out of the total Austrian export was 3.1%, while the share of
Hungarian exports to Austria out of the total Hungarian export was 5.6%. These shares
did not change much during 2006-2019.
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Figure 2.5: Trade between Hungary and Austria
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2.5 Estimation results

2.5.1 Description of the Hungarian data

There have been considerable changes in the Hungarian labour market since the financial
crisis a decade ago. The number of unemployed has decreased significantly and vacancies
have increased. On the other hand, these changes did not take place evenly across regions of
the country. The western parts are characterised by a considerable labour shortage, while
in the east the number of vacancies has not grown much. In the meantime, there have
been other structural changes as well. In 2011 Austria (and other member states) opened
its labour market to the recently joined EU-member states. The local labour market for
those, who live close to the Austrian border, expanded a lot. This change exacerbated the
labour shortage in the western parts of the country. Although the overall labour market
situation seems to be improving, the spatial pattern has not changed much.

Calculating the tightness, I use data from the National Employment Service (NES).
Both unemployment and vacancy statistics are available on a settlement level, so I could
aggregate them to district (járás) level (Figure 2.6). There is a visible connection between
tightness and private sector wages on district level (see Figure 2.6 and 2.8). There are 175
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Figure 2.6: The logarithm of tightness on district level (2012)
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Note: average district level tightness. Source: NES.

districts in Hungary, with the capital city considered as one district. It is monthly data,
which I average annually. Firms must report their vacancies to the Employment Service,
although there is no sanction if they do not do so. I use only non-subsidized vacancy
data, as I would like to measure the effects of market forces (therefore, the vacancies of the
public employment programme are excluded). The vacancies are available on a one-digit
occupational level, which I can use to construct occupational level tightness.

The unemployment data is the number of those who have registered at the local job-
centre. The highest education level of job seekers is available, which can be used when
calculating the occupational level tightness (see the details of the calculations in Appendix
B.1.2). The number of registered unemployed is not the same as those in the Central
Statistical Office (KSH) reports using the ILO definition (LFS unemployment). On the
other hand, the dynamics of the two time series are rather similar (see Figure 2.7). LFS
unemployment is not available neither on a settlement nor on a district level. Therefore,
for district level tightness I can use only the NES’s data.

The outcome variable is the district-two digit occupational level average wage. The
source of this data is the Hungarian State Treasury (MÁK) administrative dataset, which
contains every individual, for whom the employer paid pension contribution. I averaged
the private sector wages in every district two-digit occupational cell weighting by the
employment time (see the calculation of the private sector wage in Appendix B.1.1). It gives
40 occupational categories per district on average. A district-occupational cell represents a
small homogeneous labour market. By using them the idiosyncratic variation in individual
wages averages out. The technical advantage is the considerably smaller data set, which
implies faster calculation time.

The distance from the Austrian border can be measured in several ways. I downloaded
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Figure 2.7: The LFS and registered jobseekers
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Figure 2.8: Average log private sector gross wages on district level (2012)
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the distance of the district capitals from Vienna and Graz (from the page rome2rio.com).
It contains not only the distance in km but also in travelling time using different means of
transport (car, train and bus). These are the two main cities not far from the Hungarian
border. I defined the distance from the Austrian border as the minimum distance from
these two cities by car using travelling time. It can be defined as the average of these
distances or simply using only one city distance but these are highly correlated measures
therefore it does not change the estimations significantly (see descriptive statistics in Table
2.1). For robustness check, I use different distance measures (see details in Appendix B.2).
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Table 2.1: Summary statistics for districts in Hungary (2009-2017)

Variable Mean Std. Dev. Min. Max.
Tightness (%) 7.2 12.8 0.1 185.4
High skilled (%) 30.2 7.3 15.3 55.3
min(Vienna, Graz) time by car (min) 203.9 67.3 53 328
Population (thousand persons) 56.4 133.7 8.5 1759.4

Source: KSH, NFSZ, rome2rio.com.

2.5.2 Estimated equations

I estimate the following equations:

ln(wageijt) = β0 + β1 ln(tightijt) + ρX + uijt (2.2)

where

• i is the index for district-occupational cells,

• j is the index for districts,

• t is the year index,

• wageijt is the average wage in private sector for district-two digit occupational cells
(for the calculation details see Appendix B.1.1),

• tightijt is the tightness for district - one digit occupational cells (for the calculation
details see Appendix B.1.2),

• X other covariates (year and county FE’s, share of high skilled in a district).

My main outcome variable is the private sector average wage in a given district-
occupational cell. Since the tightness is endogenous in the wage equation I estimate the
first stage as well.

The first stage is the following:

ln(tightijt) = α0 + α1distj + α2post2011t + α3post2011t × distj + δXit + vijt (2.3)

where the variables are the following:

43

C
E

U
eT

D
C

ol
le

ct
io

n



10.14754/CEU.2021.05

• Xit - other covariates (FE’s, high skilled)

• distj - distance from the Western border (in minutes by car)

• post2011t = 1 if year > 2010, 0 otherwise.

In the literature, the wage equation almost always contains the level of education. I
have this data from the 2011 Census, so it does not change over my sample period. The
composition of the highest educational level changes slowly in a given district. There can
be other types of important factors, which do not or only slowly change over time, e.g. the
average experience level of workers. For these factors, one can include county level fixed
effects as well.

I also include time fixed effects, as wages grow steadily over time. Since the regulations
on the unemployment benefit are the same across the country and they usually change
yearly, time fixed effects also capture the unemployment benefit, which is in Equation
(2.1).

2.5.3 Main results

In the first stage equations, the coefficient of the distance× after2011 variable is negative
(see Table 2.3). This is intuitive since it means that the farther a district from Austria,
the smaller the tightness after the opening of the Austrian labour market.

The coefficient of the tightness in the main specification means that if the tightness
increase by 1% the wages grow by 0.08% (see Table 2.2). Therefore, if the tightness rises
by 32% (average annual tightness growth rate between 2009-2017) the wages expand by
2.5%. This measure is considerable since the yearly average change in wages was 5.6%
between 2009-2017.

2.5.4 Robustness checks

Apart from the main specification I make some robustness checks to see how stable the
results are.

Firstly, I split the sample according to the one-digit occupational categories. In the case
of white-collar occupations, there is only one category, where the coefficient of tightness
is significant (Table 2.4). The magnitude is quite similar to the main specification. In
other categories, the coefficient is close to zero and have large standard errors. Among the
five blue-collar categories four has significant coefficient (Table 2.5). The magnitude of the
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Table 2.2: Main IV specification

(1)
VARIABLES lnw
lntight 0.0794**

(0.0344)
Observations 22,639
No. of district-occupational cells 2,830
Time horizon 2009-2017
County FE Yes
Year FE Yes
R-overall 0.13

The dependent variable is the log private sector fte wage in a
district-two digit occupational cell. The independent variable is
the log tightness in a district-one digit occupational cell. Other
covariates are the share of high skilled workers, the county and year
FE. The instrumental variable is the distance from the Austrian
border and its interaction with the after2011 dummy. The sample
contains those districts, for which minimum of the distance to
Vienna and Graz is less than 180 minutes. Standard errors are
clustered at district level. *** p<0.01, ** p<0.05, * p<0.1

Table 2.3: First stage of the main IV specification

(1)
VARIABLES lnw
distance × after2011 -0.00794***

(0.00156)
distance -0.00274

(0.00316)
Observations 22,639
No. of district-occupational cells 2,830
Time horizon 2009-2017
County FE Yes
Year FE Yes
R-overall 0.56

H0 : distance × after2011=0
χ2 25.82
p-value 0.0000

The dependent variable is the log tightness in a district-one digit
occupational cell. The independent variable is the distance from
the Austrian border and its interaction with the after2011 dummy.
Other covariates are the share of high skilled workers, the county and
year FE. The sample contains those districts, for which minimum of
the distance to Vienna and Graz is less than 180 minutes. Standard
errors are clustered at district level. *** p<0.01, ** p<0.05, * p<0.1
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coefficients is also similar to the main specification. These results are not surprising since
most of the Hungarians work in blue-collar occupations in Austria (see Figure 2.9). Of
course, we do not know what kind of work they had in Hungary. There are rumours that
white-collar Hungarians work in blue-collar jobs in Austria. This could be the reason for
the one significant parameter among the white-collar categories.

Table 2.4: Robustness check for white-collar occupational categories

Occ. category 1 2 3 4
lntight -0.00521 -0.00619 0.116** 0.0247

(0.108) (0.0799) (0.0458) (0.0206)
Observations 2,272 4,510 4,646 1,195

No. of dist.-occ. cells 275 522 521 155
Time horizon 2009-2017
County FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Distance < 180
R-overall 0.31 0.22 0.27 0.77

The dependent variable is the log private sector fte wage in a district-two digit occupa-
tional cell. The independent variable is the log tightness in a district-one digit occupational
cell. Other covariates are the share of high skilled workers, county and year FE’s. The
instrumental variable is the distance from the Austrian border and its interaction with the
after2011 dummy. The sample contains those districts, for which minimum of the dis-
tance to Vienna and Graz is less than 180 minutes. Occupational categories: 1 Managers,
2 Professionals, 3 Technicians and associate professionals, 4 Office and management (cus-
tomer services) occupations. Standard errors are clustered at district level. *** p<0.01, **
p<0.05, * p<0.1

Secondly, I change the distance from the Austrian border. In these cases, the point
estimates are quite similar to the main specification (Table 2.6).

The difference between average wages can be due to a change in the composition of
workers. To filter out this effect I recalculated the average wages from 2009 to 2017 using
only those, who worked in 2009. The coefficient of tightness is quite similar to the main
specification (Table 2.7) therefore composition effects can be ruled out.
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Table 2.5: Robustness check for blue-collar occupational categories

Occ. category 5 6 7 8 9
lntight -0.0221 0.0708** 0.126*** 0.104*** 0.0852***

(0.0234) (0.0350) (0.0475) (0.0311) (0.0255)
Observations 1,304 1,323 3,501 2,233 1,655

No. of dist.-occ. cells 199 215 457 268 218
Time horizon 2009-2017
County FE Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes
Distance < 180
R-overall 0.56 0.39 0.23 0.38 0.61

The dependent variable is the log private sector fte wage in a district-two digit occupational cell. The inde-
pendent variable is the log tightness in a district-one digit occupational cell. Other covariates are the share of
high skilled workers, county and year FE’s. The instrumental variable is the distance from the Austrian border
and its interaction with the after2011 dummy. The sample contains those districts, for which minimum of the
distance to Vienna and Graz is less than 180 minutes. Occupational categories: 5 Commercial and services
occupations, 6 Agricultural and forestry occupations, 7 Industry and construction industry occupations, 8
Machine operators, assembly workers, drivers of vehicles, 9 Elementary occupations not requiring qualification.
Standard errors are clustered at district level. *** p<0.01, ** p<0.05, * p<0.1

Figure 2.9: Hungarian workers’ occupational categories in Austria (2015)

76%

15%

9%

Blue-collar White-collar Other

Source: Austrian Social Security Database. Other: civil servant, apprenticeship, marginal worker, werk-
vertrag/freier dienstvertrag.
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Table 2.6: Robustness check with different distances

(1) (2)
lntight 0.0797 0.0596**

(0.129) (0.0234)
Observations 7,608 41,373
Number of district-occupational cells 948 5,159
Distance < 120 < 240
Time horizon 2009-2017
County FE Yes Yes
Year FE Yes Yes
R-overall 0.13 0.16

The dependent variable is the log private sector fte wage in a district-two digit
occupational cell. The independent variable is the log tightness in a district-one
digit occupational cell. Other covariates are the share of high skilled workers, the
county and year FE. The instrumental variable is the distance from the Austrian
border and its interaction with the after2011 dummy. The sample contains those
districts, for which minimum of the distance to Vienna and Graz is less than 120
and 240 minutes respectively. Standard errors are clustered at district level. ***
p<0.01, ** p<0.05, * p<0.1

Table 2.7: Robustness check for those who worked in the private sector in 2009

(1)
lntight 0.0742**

(0.0341)
Observations 22,399
Number of district-occupational cells 2,823
Distance < 180
Time horizon 2009-2017
County FE Yes
Year FE Yes
R-overall 0.16

The dependent variable is the log private sector fte wage in a district-two
digit occupational cell. The independent variable is the log tightness in a
district-one digit occupational cell. Other covariates are the share of high
skilled workers, the county and year FE. The instrumental variable is the
distance from the Austrian border and its interaction with the after2011
dummy. The sample contains those districts, for which minimum of
the distance to Vienna and Graz is less than 180 minutes. The average
wages in each year are calculated for those, who were employed in 2009
in the private sector. Standard errors are clustered at district level. ***
p<0.01, ** p<0.05, * p<0.1
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2.5.5 Robustness check using Slovakian data

It seems reasonable to check this IV setup in other countries. Slovakia joined the EU at
the same time as Hungary, so the labour market opening affected the two countries at
the same time. Moreover, it has got also a common border with Austria and the distance
magnitudes between Vienna and Slovakian towns is similar to the Hungarian counterparts.

There were similar economic patterns in the case of Slovakia as in Hungary. The
financial crisis hit the Slovakian economy severely, the GDP dropped by more than 5% in
2009. The number of unemployed rose significantly in 2009 and the increasing pace last
for 2012. Since 2013 a considerable decline can be observed. The number of vacancies
at the Central Office of Labour also decreased in 2009. This was also true for the job
advertisements on the largest Slovakian job search portal. After some stagnation, the
labour demand started increasing around 2013. The regional differences are notable in
Slovakia as well. In the East and South-East parts of the country, the improvement in the
labour market conditions was slower than in the Western part of the country. The opening
of the Austrian labour market affected the country in the same way as Hungary.

As in the Hungarian case I use annual data, the available time span is between 2009
and 2017. For the unemployment, I use the registered unemployment data.

Figure 2.10: Tightness in Slovakia (2015)
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Source: own calculations based on ÚPSVaR and SOSR data

I created the district (okres) level vacancy data using two data sources. The district
level vacancy data comes from the Central Office of Labour, Social Affairs and Family
(ÚPSVaR). Unfortunately during the examined period, there were frequent undocumented
changes to the vacancy data methodology so for time series purposes this data alone is
not suitable. On the other hand, there is another vacancy data from the Statistical Office

49

C
E

U
eT

D
C

ol
le

ct
io

n



10.14754/CEU.2021.05

of the Slovak Republic but this data is only on a regional level. I divided the regional
vacancy data into districts using the weights coming from the first mentioned data source.
In this way, I got district level vacancy numbers, which show the level, the dynamics and
the spatial distribution as correctly as possible (see Figure 2.10).

Figure 2.11: Wages in Slovakia (2015)
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Source: SOSR

Unfortunately, I did not find any occupational level wage data for district level on my
sample period (see Figure 2.11). I consider the Slovakian example as a robustness check
instead of a full analysis because there are several exercises, which I cannot perform on the
Slovakian data (see descriptive statistics in Table 2.8).

The proportion of those who have higher education comes from the 2011 Census. The
distances of the district capitals and Vienna are from the page rome2rio.com as in the case
of Hungary.

Table 2.8: Summary statistics for Slovakia, 2009-2017

Variable Mean Std. Dev. Min. Max.
Wage (e) 818.9 177.2 465.6 1517
Tightness (%) 9.2 22.2 0 164.1
Distance from Vienna (min) 198.2 96.7 52 390
Population (thousand persons) 68.3 36.4 12.5 169.4

Note: summary statistics for districts. Source: SOSR, ÚPSVaR.

Figure 2.12 illustrates the validity of the IV in case of Slovakia. In Austria, the highest
per cent of Slovak employees work along the border. This suggests that these workers
commute from Slovakia to Austria (although there is no data on place of residence in the
Austrian Social Security Database).

The sign of the estimated coefficients are the same as in the Hungarian case (see Table
2.9). On the other hand, the magnitude is somewhat larger, the coefficient is 0.33. This
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Figure 2.12: Proportion of Slovak workers in Austria by municipality 2011-2015

Source: Schmieder (2019) p. 95. (Austrian Social Security Database)

Table 2.9: IV specifications for Slovakia

(1) (2) (3)
lnw lnw lnw

lntight 0.334*** 0.229*** 0.427**
(0.125) (0.0782) (0.188)

Observations 378 171 468
Number of districts 42 19 52
Time horizon 2009-2017
Region FE Yes Yes Yes
Year FE Yes Yes Yes
Distance <180 <120 <240
R-overall 0.43 0.58 0.37

The dependent variable is the district level log private sector wage. The
independent variable is the log tightness on the distric level. Other cov-
ariates are the share of high skilled workers, the region and year FE. The
instrumental variable is the distance from the Austrian border and its in-
teraction with the after2011 dummy. The sample contains those districts,
for which the distance to Vienna is less than 180, 120 and 240 minutes
respectively. Standard errors are clustered at district level. *** p<0.01, **
p<0.05, * p<0.1

means that in the case of a 1% increase in tightness the wage increases by 0.33%. The
yearly average wage growth between 2009-2017 was 4%, the yearly average tightness growth
was 7.1% during the same period. Although the coefficient is larger than in the Hungarian
case using the yearly average wage and tightness growth the quantitative conclusion is the
same. Namely, the tightness growth caused roughly one half of the wage increase during
the sample period.

Since the available Slovakian data is not as detailed as the Hungarian I cannot do as
many robustness checks as in the Hungarian case. I only checked how sensitive is the result
to the change in the distance from the Austrian border. The results show that the tightness
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parameter has larger changes if I increase the distance, the parameter also increases. This
result is different from the Hungarian estimates. But one should take into account that
the Slovakian data is not so rich, therefore the comparison can be done cautiously.

The results of the estimation exercise on Slovak data show that the effect of tightness
on wages is similar to the Hungarian case. This suggests that tightness has got a similar
impact on one of the most important components of cost-push inflation in both countries.

2.5.6 The results from policy perspective

From my paper, we learned that the labour market tightness has an effect on wages. There
are several macro policies, where wages play a crucial role. I briefly demonstrate this
in three examples. For instance, for the monetary policy, it is important to know how
does labour market tightness affect wages because wages are one of the most important
cost-push inflation factors. In this way, my results help to forecast inflation and conduct
monetary policy in an inflation targeting framework.

Another important policy application is the planning of the state budget. The personal
income tax is one major part of the state’s income that is why wage dynamics are important
in planning the budget. A higher level of tightness suggests higher personal income tax
revenue. If the government wants to reform the personal income tax the future of wage
dynamics helps to assess the possible impact of the policy change.

In GDP forecasting wages also play a crucial role. Wage dynamics is an important
element of consumption forecasting, which is a major part of GDP. A reliable GDP forecast
is an essential part of any kind of macro policy.

2.6 Summary
In this paper, I have analysed the effect of tightness on wages in two Central European
countries. I used annual district level data to have variation across space and time. For the
identification, I applied an instrumental variable method, since tightness is endogenous in
the wage equation. My IV variable was the interaction of the distance between a district
and the Austrian border and a time dummy. The Austrian labour market was fully opened
to the new member states in 2011. This induced a negative labour supply shock both in
Hungary and Slovakia. Since commuting is only a viable option for those who live close to
the western border, my main specification includes those districts, which are close to the
border. In this way districts with similar development level are in the sample. I concluded
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that tightness has a positive effect on one of the main part of cost-push inflation in two
Central European countries. In Hungary and Slovakia, this effect is significant and the
coefficients are positive although somewhat different. For further research, it is worth
examining whether my results are robust to other countries as well. It would be also
interesting whether using other types of labour supply shocks can give similar estimations
for the effect of tightness on wages.
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Chapter 3

The Transmission of Ethnic Prejudice
to Labour Market Discrimination -
The Role of Small Firms

“I charge thee in the sight of God, and Christ Jesus, and the elect angels, that thou
observe these things without prejudice, doing nothing by partiality.”

Timothy 5:21

3.1 Introduction
Roma is Europe’ largest and poorest ethnic minority and they are the largest minority
in Hungary as well. According to raw data from 2011, the employment rate of the Roma
population was lower by 38 percentage points than that of the non-Roma in Hungary. Pre-
vious results show that the lower educational level of the Roma and other easy-to-observe
compositional differences account for a large part of the gap, but significant unexplained
residual remains (Kertesi and Kézdi (2011)).

We take one step further in understanding how the residual gap evolves by exploiting a
unique episode of Hungarian political history: the temporary rise of an openly anti-Roma
far-right political party (Jobbik) around the general election of 2010. The appearance of
Jobbik encouraged the public expression of negative judgments on the Roma; in a way,
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it did not occur before and after1. Ample anecdotal evidence, case studies and survey
data (Székelyi et al. (2001), Sík et al. (2016), Bernát (2018), Váradi (2014), Orosz et al.
(2018), Kende et al. (2020)) suggest that prejudice and discrimination have always been
present in the Hungarian labour market and the Hungarian society at large. Still, it proved
practically impossible to measure their distribution across local communities. The rise of
Jobbik brought a “moment of justice” when these differences became visible for a while.
Therefore we use Jobbik’s share in the 2010 popular votes as a proxy for anti-Roma bias
in the populace of small geographical areas.

Our key hypothesis is that anti-Gypsyism in the workplace does not necessarily transmit
to employer discrimination. Firm size matters. In small businesses, the owners have a
stronger motivation to adapt to the racial preferences of the employees, and they also
have a broader scope for action. Big firms may find it challenging to discriminate against
minority applicants since their hiring process is more formal, and the risk of prosecution
is higher. Others can join labour litigation, which is a severe reputation risk for a big
company (Holzer (1998)). Large firms also use personal referrals less frequently than small
ones (see Holzer (1987a), Burks et al. (2015), among others). In a small firm, interpersonal
relations are more intense, and the hiring process is less formal. A small entrepreneur can
easily make arbitrary hiring decisions based on characteristics other than the qualification
and skills of the applicant. If the majority of insiders share racial bias, the employer is more
likely to decide according to their preferences. Not to do so threatens with conflicts between
members of the small staff, which can induce a decrease in productivity and profits. In
big enterprises, a similar risk may be present on the level of one unit or another, but the
effect on the entire firm is comparably lower. In brief, in a small firm, incumbent workers’
aversion to minority applicants is more likely to transmit biased hiring decisions.

The scope for testing this hypothesis is limited by data availability. We exploited an
episode of Hungary’s recent political history when anti-Roma sentiments and open hate
speech were encouraged and represented by a political party. Local support for this party
was associated with a wider ethnic employment gap in (and only in) districts with a high
share of small firms.

We find that popular votes for the Jobbik generated a wider gap if and only if, small
firms had a high share in local employment. The employment gap is highest in local

1There has been a visible change in the communication of Jobbik since 2011. The party gradually got
rid of its open anti-Roma rhetorics and relocated itself to the centre-right of the political landscape.
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labour markets, where the proportion of small firms and the fraction of Jobbik voters are
simultaneously high. If 30% of the votes went for Jobbik in 2010, and the share of small
firms was 40% in a given district, the residual employment gap was 50% (or 11 percentage
points) higher than the country average.

Becker (1971) predicts, if there are two similar factors of production, one is cheap, and
the other is expensive, there will be entrepreneurs who would specialize in the cheaper
one (minority workers) and, in the long run, this may equalize the prices. Relatively high
minimum wages can set a barrier to this mechanism, but it can work to some extent. In
the final part of this paper, we present an exercise, which shows that the Hungarian case
is very far from what Becker predicts.

We contribute to the existing literature in several ways. First, our results draw attention
to the importance of the local economy’s composition, which helps or hinders the transmis-
sion of prejudice to employment discrimination. Second, we exploit a unique opportunity
to measure the spatial heterogeneity of discriminatory practices across the country. Last
but not least, we contribute to a better understanding of the social exclusion of the Roma,
Europe’s most significant ethnic minority.

The paper is organised as follows. In Section 3.2 we review the related literature. In
Section 3.3 we present the key variables and data sources. The econometric specification
can be found in Section 3.4. We carry out the estimation in Section 3.5. We discuss the
results in Section 3.6.

3.2 Literature review
Following Becker (1971)’s seminal work about taste-based discrimination and Arrow (1972)’s
critique of this approach, many empirical studies have been written about the ethnic and
racial wage gaps (e.g. Smith (2000), Charles and Guryan (2008), Asali and Gurashvili
(2020)). Our analysis looks at disadvantages in terms of employment: a problem that
undoubtedly hits harder the Roma minority than wage discrimination. Kertesi and Kézdi
(2011) (p. 582) found a small wage disadvantage (4% for male workers in 2007) using
Hungarian data after controlling for education, age and residence.2 Similar to this result,

2Studying the ethnic wage gap would be difficult for technical reasons anyway. On the one hand, data
are scarce. On the other hand, due to their low educational level, most Roma workers earn around the
minimum wage, similar to their low-educated non-Roma counterparts. After several hikes in the minimum
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residual racial wage differences were found smaller than residual employment gap between
French workers with French parents and French workers with at least one African parent,
by Aeberhardt et al. (2010).

Research on the ethnic employment gap has so far been less intense. Several studies
used field experiments, in which scholars sent resumes to firms with native and non-native
names. They found that the applicants with native names get positive callbacks more
frequently than those with non-native names (see e.g. Bertrand and Mullainathan (2004),
Baert et al. (2015)). Dasgupta et al. (2020) conduct lab-in-field experiments to separate
taste-based and statistical discrimination for Roma employees in Slovakia. They found
that discrimination is common during the job application phase (extensive margin) and
also in the workplace, in situations like promotions and wage offers (intensive margin).
Furthermore, they also found extensive margin discrimination to be significantly stronger.
During job applications, taste-based discrimination is more frequent. We add new insights
to this literature by using a full Census database, which indeed covers all workers in
Hungary.

Social network ties and their utilization can lead to ethnic employment gap as well. In
earlier works authors argue (Granovetter (1973), Wilson (1987), Holzer (1987b), Elliott and
Lindley (2008), Ioannides and Loury (2004)) that those, who are poor or belong to a dis-
criminated minority get informal referrals less frequent because they have less strong social
network connections. In a local labour market, where the share of firms, who use informal
referrals more often, this factor is more relevant for minority job seekers. Newer literature
has slightly different views. Pedulla and Pager (2019) find that black and white job ap-
plicants utilize their social networks at the same frequency but for blacks, this information
channel works less often because they know significantly less appropriate referrers. This
means that minority job seekers are less likely to hear about specific job openings through
network-based (informal) than formal channels. Therefore if a firm relies more on informal
channels during recruiting less information gets to minority workers. Small firms are more
likely to use informal channels than large ones. Furthermore, Smith (2005) find evidence
that minorities reluctant to pass on information about vacancies among low-income black
Americans. Another type of literature finds that referrers tend to be same-race (Silva
(2018)). For instance, 86 per cent of black and white workers who found their latest job
through a personal contact in Boston, Los Angeles, and Atlanta used a same-race contact

wage, starting with 2001, the ethnic wage gap most probably disappeared.
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(Green et al. (1999)).
Another strand of literature stresses the peculiarities of small firms in which interper-

sonal relations and personal contacts play a much bigger role than in larger firms (Holzer
(1987a), Tanova (2003)). The employers of small firms use referrals more often than big
companies. There are several reasons for this. Firstly, large firms ”are expected to be
more objective because of their large-scale organisation” (Baert et al. (2018)) and they
use more standardised recruitment methods. Furthermore, since they have a larger HR
department they can arrange a higher number of interviews so they rely less on statist-
ical discrimination (Arrow (1972)). This fact also means that large companies have more
information about the unobserved characteristics of the applicants so they know the true
distribution more precisely (Baert et al. (2018)). There is empirical evidence of a negative
association between firm size and hiring discrimination, for instance in Germany, Sweden,
and the United Kingdom (Carlsson and Rooth (2007), Kaas and Manger (2012), and Wood
et al. (2009)). On the other hand, Baert et al. (2018) does not find any evidence for an
association between firm size ethnic discrimination in hiring. These empirical studies use
correspondence testing, in which the targeted firms are located in just a few local labour
markets or focus on a particular segment of the labour market. By reviewing a broader
literature on discrimination, Lang and Kahn-Lang Spitzer (2020) also find that several
studies deal with discrimination but their focus is narrowed to a certain group (e.g. em-
ployees at a given firm, participants of an experiment etc.). This makes it harder to draw a
broader conclusion about discrimination in the labour market in general. In our study, we
exploit the variation in the whole country to have a broader perspective on discrimination.

Discrimination is costly. Hedegaard and Tyran (2018) find that during the hiring
process, prejudice has a significant impact, although it varies how costly it is. They used
a field experiment in Denmark to find out whether employer decisions are affected by
ethnicity during the hiring process if the productivity of the applicant is known. Their
results suggest that animus-driven prejudice has a considerable effect, but the decision is
also responsive to the price of discrimination (the difference in the productivity of minority
and non-minority workers). A striking example of productivity-lowering effects of ethnic
rivalries is provided by Hjort (2014) case study where team members belonging to different
tribes were not willing to cooperate in a Kenyan plant. But other results also exist. Price
et al. (2013) find that NBA players in the same team do not discriminate on the court
based on race. They think this is due to employees (basketball players) work in a highly
visible setting and they have strong incentives to cooperate efficiently.
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3.3 Data and key variables

3.3.1 Data sources

Our main source is the Census, which covers the whole residential population of Hungary in
October 2011. (See Table C.8 in Appendix for a full list of Census-based variables used in
the estimations). In our estimations, we use mainly the Census. It has several advantages to
use this data source. Firstly, since it covers the whole universe of the Hungarian population
we can use it to analyse the research question in local labour markets. Furthermore, it
is the most precise database of ethnicity. Moreover, it contains a large variety of control
variables, which are strongly connected with the employment outcome (e.g. educational
level).

We also use the 2010 parliamentary elections database. Since the administrative dis-
tricts and the electoral districts differ from each other, we calculated the votes for party
lists on the administrative district level.

To address the connection between partisanship and prejudices, we use several country-
wide surveys. The primary source is the TÁRKI Omnibusz Survey, which covers 1000
persons representing the adult population of Hungary based on gender, age group, type of
settlement, and educational level (TÁRKI (2019)).

In the following subsections, we introduce the most important variables used in the
estimations.

3.3.2 Roma in Hungary

Roma people migrated from India to Europe around 700 years ago (Barany (2001)). Today
they constitute the largest (and most impoverished) minority in the continent, the members
of which are relatively easy to identify based on skin colour. According to Barany (2001),
they account for 10% of the population in Slovakia and Bulgaria and 4-7% in Hungary,
Macedonia, and Romania. Some of them speak a dialect of Romani, but they are typically
fluent in the language of their country of residence. In Hungary, the vast majority speaks
Hungarian as a mother tongue. The Hungarian Roma settled down for ages, and the idea
that they are travellers is no more than a romanticized image (Kertesi and Kézdi (2011)).

The Census has two questions on the respondent’s first and second ethnic identity. We
considered someone as Roma if at least one of his/her ethnicity is Roma. The population
share of Roma people based on these definitions amounted to 3.1%.
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In the 1980s, the vast majority of the Roma males were steadily employed (Kertesi and
Kézdi (2011)). Their employment ratio started to decline in the last years of the communist
system and settled down at a low level after the economic transition (Table 3.2).

According to Kertesi and Kézdi (2011), the Roma employment gap amounted to about
40 percentage points for both men and women after the transition. The most crucial
factor behind this difference is the low level of education of Roma people (Table 3.2). The
significant drop in Roma employment was mostly explained by a general decline in the
demand for low-skilled labour after the post-communist transition.

3.3.3 Sympathy for Jobbik and its relation to anti-Roma preju-
dice

The Hungarian electoral system is a mixed-voting one. The citizens have two votes: one
for the constituency candidate and one for the party list. There were 176 constituencies
that elected one member each. A further 146 seats were distributed proportionally to the
popular votes (the party lists). There were 64 levelling seats, which is a compensatory tier
of the system. Those votes counted here, which were cast to non-winning constituency
candidates.

We use the popular votes to measure party preferences because voters take into account
the personal qualities of the local candidate, not just the official communication of the
nominator party. Therefore, the party lists can be considered as a more standardized
“political product”. Since the districts are not the same as the electoral districts, we
recalculate the votes for party lists to the district level and divide the Jobbik’s party list
votes by the total party list votes. Jobbik won 16.67% of the popular votes in the 2010
general election (see the district level distribution on Figure C.2 in Appendix).

According to survey results from years around the 2010 elections (Table 3.1), Jobbik
voters and sympathizers identified with offensive anti-Roma stereotypes more than the
supporters of other parties.

As shown in Figure 3.1, agreement with one of the harshest of these stereotypes (“Crime
runs in the blood of Gypsies”) was rather evenly distributed across party sympathy until
2008-2009. The distribution changed when Jobbik became widely known in the country.
The outstanding role of the party as a magnet collecting prejudiced voters faded away after
2010, due to a gradual change in its communication. The period of the election and the
Census thus provides a unique opportunity to approximate prejudice using electoral data.
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Table 3.1: The prime-age (18-60 years) votersa attitudes towards Roma people by partis-
anship, (2009, 2011)

Prejudices The share of those, Apr-June Apr-May
question who agrees out ofb 2009c 2011d

the non-voters, % 58 –
the voters, % 61 –

“The increase of Roma population the a Jobbik-voters, % 88 –
endanger the safety of the society” the a FIDESZ voters, % 62 –

the MSZP voters, % 57 –
the non-voters, % 48 61
the voters, % 48 58

“Crime runs in the a Jobbik-voters, % 67 77
the blood of Gypsies ” the a FIDESZ voters, % 48 54

the MSZP voters, % 49 56
the non-voters, % 28 45

“It is favourable that there are the voters, % 31 48
still places of amusement, the a Jobbik-voters, % 52 67

where Romas are not allowed to enter.” the a FIDESZ voters, % 31 45
the MSZP voters, % 27 44

a Out of those 18-60 years old, who chose a party to cast vote to
b In the percentage of those, who answered the question (out of “no-reply” and “don’t know” and chose “totally agree” and
“somewhat agree” out of “totally disagree”, “somewhat disagree”, “somewhat agree” and “totally agree”).
c Source: Tárki, Medián Választáskutatás, voting intetion. N = 1965
d Source: Tárki Omnibusz, voting intetion, two appended cross-sectional database, N = 2027

Figure 3.1: Crime runs in the blood of Roma – Agreement by party sympathy

Source: TÁRKI Omnibusz surveys.
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3.3.4 Small firm density

We use two data sources to calculate the number of workers employed in small firms: the
Business Register (GSZR) and the Wage Survey (Bértarifa-felvétel). The latter covers all
firms above 20 employees on the establishment (site) level; therefore, district-level figures
can be easily calculated. However, the Wage Survey includes only a random sample of
firms with less than 20 employees, so we draw their data from the Business Register. We
assume that enterprises with less than 20 employees have premises only in the district where
they have their headquarters. Using these two data sources, we calculated the small firm
proportion for 2011. We considered companies with at least 2 and less than 30 employees
as small firms. The share of small-firm employees varies in a wide range across the country,
with a mean of 31% and a standard deviation of 8%, (see Figure C.3 and C.4 in Appendix).

3.3.5 Hard-currency debts

At the beginning of the 2000s, state-supported mortgage loans for families became popular
in Hungary. Since the financing of these loans was rather expensive for the state budget, the
government gradually terminated the subsidy of this banking product. Parallel to the re-
duction of the government-supported program, low-interest foreign currency-denominated
(FX) loans appeared in the supply of Hungarian banks. These loans were paid and had
to be paid back in HUF, but the instalment changed according to the exchange rate. The
most popular denomination was in CHF (97% of all loans), while the remainder was denom-
inated in EUR and JYP. When the 2008 crisis reached Hungary, the HUF significantly
depreciated against the main currencies, leading to a sharp increase of non-performing
loans. In 2008, the NPL rate stood at 3% in the household sector. It rose to 11% by the
end of 2011 (MNB (2012)). Household indebtedness amounted to 40% of the total GDP
out of which FX-loans accounted for half of the total at the end of 2011 (MNB (2020)).

Saving the debtors was a vital message of Jobbik in the election campaign. The party
emphasized the responsibility of the banks and urged a solution to the increased burden of
debtors (payment relief, debt restructuring). Given the possibility that there is a two-way
relationship between the ethnic employment gap and sympathy for the extreme right-wing,
we instrument the votes on Jobbik with the degree of indebtedness of the local population –
a factor that contributed to the rising popularity of the party. According to Gyöngyösi and
Verner (2018), Jobbik successfully used the credit-debtor conflict to attract voters. They
showed that a ten percentage points unanticipated debt-to-income shock raised the vote
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share of the far-right by 2.1 percentage points between 2006 and 2010. This marginal effect
explained one-fifth of the rise in the far-right vote share. The authors experimented with
alternative explanations for the boom in the far-right votes (extremist attitudes, different
exposure to minorities and immigrant groups, foreign currency debtors’ naiveté etc.) but
did not find any significant result. They concluded that the unanticipated exchange rate
shock and the indebtedness in foreign currencies was one of the main factors of the increased
popularity of the Jobbik in the 2010 elections.

We have data on the amount of foreign currency-denominated debt of individuals from
the BISZ Central Credit Information Plc. The FX-loans are converted to HUF on the
31 December 2012 middle exchange rate. We use the total debt to population ratio as
an IV variable. The mean of the total loan per population is HUF 85 thousand and the
standard deviation is HUF 44 thousand. (See more on the descriptives in Table C.9 in the
Appendix.)

3.3.6 Local labour markets

There are 175 districts (járás) in Hungary, which can be considered as local labour markets.
According to the commuting data of the Census 2011, on average 85% of the employees in
a district live in the same district, apart from the agglomeration of Budapest, where this
value is 72%.

3.3.7 Sample restrictions

There is an enormous difference between Roma and non-Roma people based on educational
level and labour market activity (Table 3.2 and Figure C.1 in Appendix). The population
pyramid is also different: the average age and the life expectancy is lower among the Roma
population than among the non-Roma (see Figure C.5 and C.6 in Appendix).

From our analysis, we exclude people with high school, bachelor’s, or master’s degree.
We have chosen this restriction because of the tiny number of Roma people who hold
general secondary or higher educational attainment. Among the 15-60 years old Roma
people those, who have a high school or higher degree is 6.5%, while in the non-Roma
population it is 54%. We restrict the sample to those 15-60 years old. Following the ILO-
OECD definition, we considered employed those who worked at least one hour a week before
the reference date of the Census. In this way, informal employment is also used because
the question about labour market status is the same in the Census as in the LFS. We
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Table 3.2: Labour market status and educational attainment of the Hungarian population
of prime-age (15-60 years old) by ethnicity

Non-Roma Roma
labour market status %

Employed 65 27
Unemployed 9 22
Not in the labour force 26 51
Total 100 100

Educational attainment %
Incomplete primary 1 20
Completed primary 18 60
Vocational secondary 27 14
General secondary 34 5
College or higher 20 1
Total 100 100

Source: Census 2011.

restricted the attention to dependent employment, that is, excluding the self-employed,
fostered workers (participated in the public work scheme), helping family members and
casual workers.

3.4 Econometric specifications and simulation

3.4.1 IV estimation

We estimate the following linear probability model:

eij = β1rij + β2rij · Vj + β3rij · Sj+

+ β4rij · Vj · Sj + θj +Xijγ + uij

(3.1)

where

• i is the individual, j is the district (járás),

• eij is the employment status of the individual (1 if employed, 0 otherwise),

• rij is the Roma nationality dummy (1 if Roma, 0 otherwise),

• Vj is the votes for Jobbik in district j (proportion of total votes),
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• Sj is the proportion of employed people in small firms (with 2-30 employees),

• θj district FE,

• Xij are the individual level controls; and

• uij is the error term.

We estimate the linear probability models separately for men and women. According
to our hypothesis, the labour market discrimination against the Roma people is high in
those districts, where the proportion of votes cast to Jobbik is high and the small firm
employment share is also large. We expect a negative and significant β4 parameter.

The OLS estimation can suffer from endogeneity bias: the vote share of Jobbik can
be high because the employment rate of Roma people is low in a given district. For
those who believe that Roma people do not like to work, the employment gap yields a
justification and a motivation to join the extreme right-wing. To overcome this issue,
we instrument the vote share of Jobbik with FX indebtedness, which is measured by the
total debt to population ratio. FX indebtedness is measured at the local labour market,
therefore we do not measure the individual level connection between indebtedness and
Jobbik vote share, rather our IV is a measure for contextual and individual level effect,
which cannot be separated (Gyöngyösi and Verner (2018)). Our IV measures a local
average fear from a drop in economic and living conditions. Simonovits et al. (2019) find
that in the last two general elections local economic conditions had a substantial effect on
incumbent support. This was especially strong during the 2010 election, which was right
after the Great Recession. They found that the “effect of local unemployment is unlikely to
be explained by an aggregation of dissatisfaction among the unemployed”. We choose FX
indebtedness as an IV (and not another economic variable) because this has the strongest
relation to Jobbik, due to the party’s communication before the elections and this measure
overcome the reverse causality.

The main threat to the identification can be that foreign indebtedness is correlated
with some naivité of the population and that might again be correlated with the stance
against minorities. This is the violation of the exclusion restriction, which is also addressed
by Gyöngyösi and Verner (2018). They write: ”Foreign currency debtors’ naiveté presents
another concern, and we use several proxy variables to control for this possibility. Foreign
currency debtors might be more gullible than domestic currency borrowers. They might be
more easily convinced to choose foreign currency denominations, and they are also more
easily influenced by populists. Using individual level survey we first show that foreign
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currency debtors and local currency debtors are similar in terms of observable character-
istics, which is in line with the literature analyzing foreign currency borrowing. We also
use several zip code level proxies for naiveté, and find that the results are robust to the
inclusion of these control variables.” (Gyöngyösi and Verner (2018), p. 3.)

In the IV setting, we estimate the first stage for every variable, where the vote share of
Jobbik is present, i.e. rij ·Vj and rij ·Sj ·Vj . These first stage equations are the following:

rij · Vj = +α1rij · Lj + δ1rij · Sj · Lj + θj +Xijγ1 + uij (3.2)

rij · Sj · Vj = α2rij · Lj + δ2rij · Sj · Lj + θj +Xijγ2 + uij (3.3)

where

• Lj is the total debt to population ratio in district j.

The second stage is Equation (1).
Fist stage equations are presented in the Appendix Table C.12. The own instruments

(rij · Lj for rij · Vj and rij · Sj · Lj for rij · Sj · Vj) are strong and significant for both men
and women. The F-statistics are high and significant. Alternative first stage estimation
can be found in Appendix C.1.3.

3.4.2 Simulation

Based on the parameter estimates in the IV second stage, we calculated the predicted
employment probability differences for those Jobbik-small firm bins, which are above the
mean. For the Jobbik vote share these bins are 20-25%, 25-30% and for small firm shares
(20-30%, 30-40%, 40-50%). (See the cross-plot of Jobbik vote shares and small firm pro-
portion in Appendix Figure C.7).

P (emp|X,Roma = 1)− P (emp|X,Roma = 0) = β1 + β2Vj + β3Sj + β4Vj · Sj (3.4)

Using this probability difference (Equation 4) we show the difference in the employment
probability between a Roma and a non-Roma person with the same demographic and
socioeconomic attributes. Based on our hypothesis, the difference should grow with a
simultaneous increase in the support for Jobbik and the share of small firms.
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3.5 Results

Table 3.3: The linear employment probability model age 15-60, without high school, es-
timated by IV

Men Women
Roma -0.504** -0.785***

(0.245) (0.197)
Roma × Vote 1.435 2.646***

(1.167) (0.933)
Roma × Small 1.613* 2.129***

(0.889) (0.634)
Roma × Vote × Small -8.439** -9.909***

(4.275) (2.995)
Observations 1,222,154 945,335
R-squared 0.179 0.149
Controls YES YES
District FE YES YES
IV F-stat (R × V) 238.5 253.3
IV F-stat (R × V × S) 241.5 330.5

We considered employed those who worked at least one hour a week before
the Census (24-30 September 2011). We do not consider as employed
the following persons: the self-employed, fostered workers (participated
in the public work scheme), helping family member, casual worker or
those whose spouse is a self-employed who has 1 or 2 employees. These
individuals are not in our sample. Budapest is considered one district.
Roma: those who choose at least once Roma from the two nationality
questions (primary and secondary nationality).
Controls: see Appendix Table C.8.
IV: foreign currency debt/population in a district.
District level clustered standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1

In Table 3.3 the parameter of β4 is negative and significant as we expect. The interaction
term cannot be interpreted in itself. As the share of Jobbik votes and the small firm
proportion increases the gap between the Roma and non-Roma employment also grows.
If the small firm share is larger at a given prejudices level then more employers will be
sensitive to the insider employees’ prejudice. The employers try to avoid economic loss due
to ethnic conflicts at the firm therefore the Roma workers’ employment probabilities are
worse. Examining from the other direction if the prejudices level is higher at a given small
firm share then more employers can expect higher prejudices from insider workers, which
leads to worse employment probabilities for Roma people.

In Table 3.4 the rows show the vote shares of Jobbik; the columns show small firm
proportions. We calculate the employment gap for those bins, which contain at least 5
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observations (districts). The calculated differences are significant. The employment gap
increases if the small firm proportion grows at a given Jobbik vote share. Similarly, the
gap widens as the Jobbik vote share grows at a given level of small firm density. At
the country average level of Jobbik vote and small firm share the employment gap is -23
percentage point. This is the average difference between the employment probability of
Roma and non-Roma who work in the same local labour market has the same education
level and are similarly based on other observable factors. If we fix the small firm share
and increase the Jobbik vote share the employment probability for Roma is getting lower
(the columns of Table 3.4 shows this direction). If the Jobbik vote share is fixed and we
calculate the employment gap for districts, where the small firm share is larger, we get a
wider employment gap for Roma employees (rows of Table 3.4). The largest employment
gap is 34 percentage points, which is larger by 47 percentage or 11 percentage points than
the country average. This verifies our hypothesis, namely that small firm proportion and
Jobbik vote share together can lead to lower employment probabilities for Roma. The
results for women shows a smaller difference from the country average but the pattern is
the same (see Table C.13 in Appendix).

Table 3.4: The predicted employment gaps of Roma men depending on small firms and
Jobbik votes in the district

Small firm proprtoion
20-30% 30-40% 40-50%

20-25% Estimate -0.25 -0.28 -0.30
Vote share Sd. error (0.01) (0.02) (0.03)
of Jobbik 25-30% Estimate -0.29 -0.34 –*

Sd. error (0.03) (0.04)
*Less than 5 districts in the cell.
The predicted national average employment gap is -.23 at the average district value of
Jobbik (18.8%) and the average district small firm employment share (31.2%).
Age 15-60, without a high school or college/university attainment, comparing to non-
Roma men with similar individual attributes, IV method.
District level clustered standard errors in parentheses.

Our results would be probably different if labour was in short supply. In the time of
the Census (September 2011), there was not a considerable labour shortage in Hungary.
On the other hand, if the timing of the whole paper would be in e.g. 2019 it is possible
that we could get smaller gaps.
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3.6 Discussion
We find that a higher share of prejudiced people in the community is conducive to a broader
employment gap between the majority and the minority in local economies, where prejudice
more easily transmits to discrimination. The resulting burden on Roma employment is
heavy. Still, it could be lighter if some employers would ‘specialize’ on minority workers
enforced to lower their reservation wages in response to their little chance of finding a job.
As Becker (1971) predicts, if there are two similar factors of production, one is cheap, and
the other is expensive, there will be entrepreneurs who purchase the cheaper one and, at
the end of the day, equalize the prices.

Relatively high minimum wages in Hungary (a Kaitz index of 49.8% in 2011)3 set a
barrier to this mechanism, but it can work to some extent. We try to find its traces
within the limits of data availability. While we have no data on ethnic composition within
enterprises, we can measure the degree of segregation on the level of industry-settlement
cells (two-digit industry code and more than 3100 settlements), which can be considered
as the best approximation of an enterprise based on available data.

We first calculate an exposure index (ERN) using the following formula:

ERNj =

Ij∑
i=1

(1− rij)
Rij

Rj

, so that 0 ≤ ERNj ≤ 1− rj, (3.5)

where

• i is the firm (settlement-sector cell), j is the district,

• Ij is the number of firms in area j,

• Rij is the number of Roma workers in firm i area j,

• Rj is the number of Roma workers in area j,

• rij is the fraction of Roma workers among all workers in firm i area j,

• rj is the fraction of Roma workers among all workers in area j,

• (1− rij) is the fraction of non-Roma workers among all workers in firm i area j,

3Fazekas et al. (2013), p. 392.

69

C
E

U
eT

D
C

ol
le

ct
io

n



10.14754/CEU.2021.05

• (1− rj) is the fraction of non-Roma workers among all workers in area j.

The ERN of Roma workers to non-Roma workers measures the chance of an average (ran-
domly chosen) Roma worker in area j for working with a non-Roma worker. Formally,
ERNj is equal to the fraction of non-Roma workers in settlement-sector cell averaged over
firms, where the average is taken with weights that are equal to the share of the firm in the
Roma employment of the area (see Kertesi and Kézdi (2013), pp. 27. for an application
to school segregation in Hungary).

The minimum value of the exposure index is zero. In this case, no contact is possible
between Roma and non-Roma workers within a firm because the employees in all firms
are either all-Roma (when (1 − rij) = 0) or all-non-Roma (when rij = 0). ERN has its
maximum when the fraction of Roma employees in each firm is equal to their fraction in
the district’s population, i.e. rij = rj ∀i in j.

A drawback of the exposure index is that its value depends on the overall fraction of
minority workers in the area; therefore it can hardly be used to compare regions. Normal-
ization yields a segregation index with values between 0 and 1:

Sj =
(1− rj)− ERNj

1− rj
, so that 0 ≤ Sj ≤ 1. (3.6)

Higher levels of the index indicate higher levels of segregation. Intuitively, the segregation
index shows the fraction of contact possibilities that are made impossible by separation.
The maximum of Sj is one when the ERN is zero.

Figure 3.2: Segregation index and Jobbik vote shares by district and locally weighted
regression
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We calculate the segregation index for each district. There is a positive relationship
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between Jobbik vote shares and the segregation index (see Figure 3.2), suggesting that the
hypothesis of more substantial separation in response to more substantial prejudice cannot
be excluded. Nevertheless, we are very far from an equilibrium in which the employment
probabilities are equalized.

Based on our results one policy action can be some kind of subsidy for small firms if
they employ Roma people. This policy can result in a twofold outcome. Not only the Roma
employment can increase but also it is a possibility to moderate prejudices due to the real-
life experience of working with Roma. In a more diverse workplace environment, Roma and
non-Roma ethnicity can work together and mutual fears can dissolve (see Allport (1954)).

A second policy action can be the support of Roma people to increase their educational
level. For those who are below compulsory school age, extra attention is needed at schools
or special scholarships can incentivise pupils to learn harder. For those, who are above 18
years special programmes are necessary to support their studies to get a profession.

3.7 Conclusion
Composition effects can explain a significant part of the employment gap between Roma
and non-Roma people in Hungary. We looked at the remaining part, assuming that in an
environment overshadowed by prejudice, incumbent majority workers will dislike having
Roma colleagues. The fear of conflicts may result in discriminatory hiring practices even
on the part of non-prejudiced employers. Such an outcome is more likely in small firms,
where the manager knows the workers personally, is aware of their preferences, and the
firm-level cost of dissatisfaction or quit of a few workers is higher. The scope for testing
this hypothesis is limited by data availability. We exploited a unique episode of Hungary’s
recent political history when anti-Roma sentiments were encouraged and represented by a
political party. Our results show that if both small firm share and prejudices are large in a
local labour market the size of the employment gap is almost 50% higher than the country
average.
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Appendix A

Appendix for Chapter 1

A.1 Database description
The database of the Hungarian State Treasury (MÁK) contains the full population, who
had at least one-day of legal work between 1997-2017. The following variables are used in
the study:

• district level place of residence,

• the wage,

• the type of employment (e.g. self-employed, entrepreneur, employee, public worker
etc.),

• four-digit occupational code (FEOR),

• weekly hours worked,

The database also contains if someone gets some kind of subsidy from the government.
Based on this I can identify the unemployed. The name and conditions of the unemploy-
ment benefit changed from year to year. I considered those as unemployed, who get some
kind of unemployment benefit from the government. On the other hand, this is not ex-
actly the same group of people, who are unemployed according to the ILO definition. The
difference is those people, who do not get any subsidy but look for a job. I consider those
as inactive, who do not work and do not get any unemployment benefit.
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A.1.1 Variable generation: private sector full-time equivalent av-
erage wage

To calculate the average wages I selected those individuals, who had any kind of employ-
ment on 30th April in every year (between 2009-2017). In this way, I can overcome the
seasonality issues. The Hungarian administrative database contains everyone, after whom
the employer pays the pension contributions. This means that every type of employment is
included (e.g. part-time job, self-employment etc.). Since there are many individuals, who
have several types of jobs, I choose the highest wage for everyone. I calculated the district-
two digit occupational cell full-time-equivalent wage for every year using the highest wage
for each individual. There are 175 districts in Hungary (the capital is counted as one
district). There are on average 40 two-digit occupational categories per district.

A.1.2 Time period selection

The public workers can be separated in the database from September 2011. Since I choose
April 30th in every year to check the individuals’ employment status and wage, the first
year, when a used-to-be public worker can work in the private sector is in 2013. That
is why the pre-treatment period is between 2009-2012 and the after-treatment period is
2013-2017. I do not want to include years before the great recession because it created big
turbulences in the labour market and it is out of the scope of this paper.

A.1.3 The variables used for complex indicator

The ingredients of the complex indicator (based on 290/2014. Korm. rendelet):
I. Indicators of the social and demographic situation:
Urbanity/rurality index (what proportion of the population of the given district lives

in settlements with a population density of more than 120 people / km2) (%),
Mortality rate (number of deaths per thousand inhabitants, average of the last five

years)
Migration difference per thousand inhabitants (average of the last five years, persons)
Number of beds providing nursery care and daycare services per ten thousand perman-

ent residents aged 0-2 (pcs),
The proportion of recipients of regular child protection benefits from the permanent

population aged 0-24 (%),
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Number of people receiving active care (regular social assistance and employment re-
placement support) per thousand permanent residents,

II. Indicators of housing and living conditions:
Average price of used flats (HUF),
Proportion of dwellings built during the last five years out of the housing stock at the

end of the period (%),
Proportion of dwellings without comfort (inhabited) out of inhabited dwellings (%),
The income forming the PIT base per permanent resident (thousand HUF),
Number of age-weighted passenger cars operated by persons per thousand inhabitants

(pcs),
Life expectancy at birth - men (years),
Life expectancy at birth - women (years),
III. Local economy and labour market indicators:
Proportion of those aged 18 and over with at least a high school (%),
Proportion of registered jobseekers in the working age permanent population (annual

average %),
Proportion of permanently - at least 12 months - registered job seekers out of the

permanent working age population (%),
Proportion of registered job seekers with no more than primary school (%),
Number of operating enterprises per thousand inhabitants (pcs),
Number of retail stores per thousand inhabitants (pcs),
Proportion of local tax revenues of local governments from current year revenues (%),
IV. Infrastructure and environmental indicators:
Proportion of dwellings connected to the public sewerage network (%),
Proportion of dwellings involved in the regular waste collection (%),
Number of broadband internet subscribers per thousand inhabitants (pcs),
Proportion of roads built out of all municipal roads (%).

A.2 Regulations on the PW
Based on Act CVI of 2011 on the Modification of the Acts on Public Employment and
Related to Public Employment and Other Acts public employers can be:

• local and national municipalities and their legal entity associations,
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• budgetary organisations (such as water directorates, forest management organisa-
tions, national parks),

• churches,

• organisations with non-profit legal status,

• civil organisations,

• business associations entrusted with the management and maintenance of state and
municipality property or business associations established by the state or municipal-
ity for this purpose,

• water management companies,

• forest managers (private forest managers),

• social co-operatives and

• organisations operating railway track network.

Activities planned in the model programmes are performed based on the following seven
pillars:

• agricultural project,

• inland water drainage,

• repairing agricultural roads,

• utilisation of bio and renewable sources of energy,

• renovation of the public road network in the inner areas of the settlements,

• elimination of illegal waste disposal sites and

• winter and other value creating public employment.
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A.2.1 Main changes in the programme (2013-2017)

2013

• Those will cancel out from the unemployment registry who do not accept the PW
job.

• From 1st September 2013 those will be excluded from the PW job, whose child is
permanently absent from school without reason (e.g. illness) or whose living envir-
onment is not as tidy as it was specified by local government decrees.

• From 1st January a minimum wage for the clerk of works in PW was introduced (it
is smaller than the usual minimum wage by roughly 20%).

• From 1st of April the regular weekly wage payments became monthly.

2015

• If someone does not accept a regular job, which was offered to him, he should be
excluded from the PW job.

2016

• Those who manage to find a job during the PW programme will get a benefit. The
amount of the allowance is the same as the amount of employment substitution
support payable for the period from the termination of public works participation to
the date until the public works programme was supposed to last if the individual did
not find employment.

• From 1st July 2016 the PW employment spell will count to the long-term unemploy-
ment period. In this way the employers in the primary labour market get 2 years
benefit to employ a previously public worker (do not need for paying social security
contribution for 2 years, and in the 3rd year 50% is payable).

2017

• Those who have secondary education can enter the PW programme if they cannot
accept a job 3 times (due to the employer) or the Labour market centre cannot
provide a suitable job in 3 months.
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A.3 Main changes in the social transfer system
The gradual increase of retirement age started in 2009 from 60 years and it reaches 65
years in 2021 for men and women. Those women who worked at least 40 years can be
pensioners as well (Fazekas and Kézdi (2012)).

The reform of the social transfer system started in 2011. In general, the eligibility
criteria for the social benefits were tighten.

From 1st September 2011 the maximum amount of unemployment benefit decreased
from 120% to 100% of the actual minimum wage. The minimum allowance was 60% of
the minimum wage after the reform this limit was eliminated. The benefit period declined
from 180 days to 90 days (Cseres-Gergely and Molnár (2014)).

From 2012 the eligibility criteria was tightened for disabled pension. This affected not
only the new pensioners but also the current ones. In this way, the number of disabled
pensioners decreased.

From the 1st March 2015 the regular social subsidy (rendszeres szociális segély) was
terminated. Instead of housing allowances (lakásfenntartási támogatás), debt management
assistance (adósságkezelési szolgáltatás) and fairness nursing fee (méltányossági ápolási díj)
the settlement aid (települési támogatás) was introduced (Kopasz and Gábos (2018)). The
cost of these subsidies decreased by 30% in real terms between 2014-2016, although the
number of eligible people for these subsidies did not change much.

The consequence of these reforms was a steady decline in the social benefits (see Figure
A.1).
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Figure A.1: Social protection benefits as a percentage of GDP
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A.4 Other robustness check

A.4.1 Using those who worked in private sector in 2009

It can be argued that those who were public workers have lower productivity than those
who were employed in the private sector. If the public workers manage to find a job in
the private sector, their wage is smaller than those who were employed in the private
sector before. If only the newcomers’ wage is smaller than the insider workers’ wage (and
nothing else changes in the private sector) means that in the special importance district
the average wage is smaller due to the change in the composition of employees. To control
for composition effect I recalculated the district-occupational average wages for every year
only for those, who were employed in 2009 in the private sector. The RDD results are very
similar to the main specification (see Table A.1). This means there is not any significant
composition effect in the estimated coefficient.

Table A.1: Robustness check for composition effect: fuzzy RD estimation for those who
were employed in 2009 in the private sector, occupational category 9

(1) (2) (3)
Robust Coef. -0.00550*** -0.00533* -0.00480*

St.error (0.00204) (0.00281) (0.00283)
Observations 2,595 2,595 2,595
Time horizon 2013-2017
Left BW 2.7 5.0 9.0
Right BW 2.7 5.0 9.0
Obs. left of the cutoff 165 315 630
Obs. right of the cutoff 105 270 465
Order of polynomial 0 1 2

The outcome variable is the log fte private sector wage, the running variable is the com-
plex indicator, the treatment variable is the proportion of public workers in a district-
occupational cell. Additional covariates are year FE’s. The threshold is 46.68. The
sample does not contain Gyula and Komló districts. The district-occupational cell aver-
age wage was calculated using only those individuals, who worked in the private sector
in 2009. Standard errors are clustered at district level. *** p<0.01, ** p<0.05, * p<0.1

A.4.2 Using those who never worked as public workers

This robustness check is similar to the previous one, on the other hand here I only use
those individuals who have never participated in the PW programme. In this way, I can
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totally filter out the composition effect. I recalculated the district-occupational cell average
wages. The results are quite similar to the original estimation (Table A.2). Therefore the
significant negative coefficient is not caused by the lower starting wage of previously public
workers in the private sector.

Table A.2: Robustness check controlling for possible composition effect for occupational
category 9, fuzzy RDD

(1) (2) (3)
Robust Coef. -0.00486*** -0.00467* -0.00514**

St. error (0.00158) (0.00253) (0.00256)
Observations 2,580 2,580 2,580
Time horizon 2013-2017
Left BW 4.2 5.2 9.7
Right BW 4.2 5.2 9.7
Obs. left of the cutoff 240 330 660
Obs. right of the cutoff 210 270 555
Order of polynomial 0 1 2

The outcome variable is the log fte private sector wage, the running variable is the com-
plex indicator, the treatment variable is the proportion of public workers in a district-
occupational cell. Additional covariates are year FE’s. The threshold is 46.68. The
sample does not contain Gyula and Komló districts. The district-occupational cell aver-
age wage was calculated using only those individuals, who never participated in the PW
programme. Standard errors are clustered at district level. *** p<0.01, ** p<0.05, *
p<0.1

A.4.3 Controlling for treated settlements in non-treated districts

There are special importance settlements in non-special importance districts1. The major-
ity of these settlements are tiny (less than 1000 inhabitants) therefore the population living
in special importance settlements in non-special importance districts is low (see Table A.3).
Close to the cutoff (not more than 10 points), there are 3 non-special importance districts
(Miskolc, Tiszaújváros, Nagykanizsa), in which more than 10% of their population living in
special importance districts. One can argue that in these districts there is some treatment
effect, which contaminates the estimations (creating treatment in non-treated districts).
To overcome this issue I dropped these three districts and checked the results. The coeffi-
cients do not change significantly therefore this phenomenon does not alter the estimations
(Table A.4).

1105/2015. (IV. 23.) Korm. rendelet
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Table A.3: The proportion of those who live in special importance settlements in non-
special importance districts

Affected population is Number of districts mean p50 min max
greater than 10% 3 18.1 15.7 12.1 26.4
smaller than 10% 13 3.3 3.2 0.3 7.1

Districts, which are maximum ±10 point from the cutoff.

Table A.4: Robustness check without those districts, where the ratio of those who live in
special importance settlements is greater than 10%, occupational category 9

(1) (2) (3)
Robust Coef. -0.00558*** -0.00494** -0.00577**

St. error (0.00195) (0.00241) (0.00264)
Observations 2,550 2,550 2,550
Time horizon 2013-2017
Left BW 3.1 5.8 10.6
Right BW 3.1 5.8 10.6
Obs. left of the cutoff 165 435 750
Obs. right of the cutoff 135 285 540
Order of polynomial 0 1 2

The outcome variable is the log fte private sector wage, the running variable is the com-
plex indicator, the treatment variable is the proportion of public workers in a district-
occupational cell. Additional covariates are year FE’s. The threshold is 46.68. The sample
does not contain Gyula and Komló districts. It also does not contain Miskolc, Tiszaújváros,
Nagykanizsa districts where the proportion of those who live in special importance settle-
ments is 12, 26 and 16% respectively. Standard errors are clustered at district level. ***
p<0.01, ** p<0.05, * p<0.1
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A.4.4 Effect on the flows to private sector employment

It is an interesting question whether there was a significantly larger flow from public workers
to the private sector. Municipalities can fire some employees and employ others in the
public work programme for the same job. In this case, the positive labour supply shock is
not due to the PW rather the previously fired employees. On the other hand, if the labour
supply increase is due to public work then there are significantly more new entrants to the
private sector from PW in the special importance districts.

To examine this question I calculated what was the status of the new entrants to the
private sector one year before. In general, they could work in the public sector or in the
public work programmes but they could be inactive or unemployed as well. To overcome
the difference between the age structure of the districts I just use only the 24-57 years old.
I calculate the number in each status and divide it by the total number of new entrants to
the private sector.

There are significantly more public workers on the left than on the right of the cutoff
(Table A.6). This means that compare to other sources only from the public work arrived
more workers in special importance districts than in the non-special importance ones. The
arrivals from the public sector to the private sector does not differ around the cutoff. This
means that not the fired municipality workers appeared in the private sector, at least not
around the cutoff.
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Table A.5: RDD for the proportion of new entrants from different sources to the total new
entrants in the private sector

(1) (2) (3) (4)
PW public Unemp. Inactivity

sector
Robust Coef. 2.801*** -0.477 -1.195 0.685

St.error (0.965) (0.893) (1.248) (2.870)
Observations 865 865 865 865
Time horizon 2013-2017
Left BW 6.7 6.2 6.6 7.8
Right BW 6.7 6.2 6.6 7.8
Obs. left of the cutoff 160 155 160 190
Obs. right of the cutoff 125 120 125 135
Order of polynomial 1 1 1 1
Mean of dept. var. 8.56 7.46 9.1 63.9

The outcome variable is the ratio between the newcomers from the source sector and the number
of newcomers to the private sector (in percentage points) for the 24-57 years old, i.e. (number
of those who were public workers in t − 1 and private sector workers in t)/(total number of new
workers in private sector workers in t), (number of those who were public sector workers in t − 1
and private sector workers in t)/(total number of new workers in private sector workers in t), etc.
The running variable is the complex indicator. Additional covariates are year FE’s. The threshold
is 46.68. The sample contains districts without Gyula and Komló districts. Standard errors are
clustered at district level. *** p<0.01, ** p<0.05, * p<0.1
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A.4.5 Is there a difference in public workers’ previous labour
market status around the cutoff?

I calculated RDD’s for the previous status of public workers (Table A.6). I do not find any
evidence for a difference in the share of public workers previous status around the cutoff.
The share of inactive people, who started working in PW is quite high on both sides of the
cutoff.

Table A.6: RDD for the proportion of new entrants from different sources to the total new
entrants in the PW

(1) (2) (3) (4)
Private Public Unemp. Inactivity
sector sector

Robust Coef. 1.783 -0.237 -0.585 2.379
St.error (4.219) (0.458) (1.102) (4.527)

Observations 865 865 865 865
Time horizon 2013-2017
Left BW 7.8 5.1 6.3 7.1
Right BW 7.8 5.1 6.3 7.1
Obs. left of the cutoff 195 155 155 170
Obs. right of the cutoff 135 115 120 130
Order of polynomial 1 1 1 1
Mean of dept. var. 21.0 1.3 6.0 71.7

The outcome variable is the ratio between the newcomers from the source sector and the total
number of newcomers to the PW (in percentage points) for the 24-57 years old, i.e. (number of
those who were private sector workers in t − 1 and public workers in t)/(total number of new
workers in PW in t), etc. The running variable is the complex indicator. Additional covariates
are year FE’s. The threshold is 46.68. The sample contains districts without Gyula and Komló
districts. Standard errors are clustered at district level. *** p<0.01, ** p<0.05, * p<0.1

A.4.6 Estimation for other occupational categories

In the other blue-collar occupational categories (category 5-8) there is also a negative
effect but it is not significant (Table A.7). The reason for this could be the one magnitude
smaller first stage coefficient compared to occupational category 9 (Table A.8). In these
occupations, I use only those categories, where the average wage was below the median in
2009. In this way, I filter out the high-skilled workers.

101

C
E

U
eT

D
C

ol
le

ct
io

n



10.14754/CEU.2021.05

Table A.7: Robustness check for occupational categories

Occupational cat. 5 6 7 8
Robust Coef. -0.0682 -0.00462 -0.0626 -0.0868

St.error (0.116) (0.0107) (0.0689) (0.157)
Observations 905 1,710 2,608 1,428
Time horizon 2013-2017
Left BW 6.3 5.0 4.2 2.3
Right BW 6.3 5.0 4.2 2.3
Obs. on the left 165 210 260 100
Obs. on the right 125 175 175 31
Order of polyn. 1 1 1 1
Restriction Below 2009 median wage

The outcome variable is the log fte private sector wage, the running variable is
the complex indicator, the treatment variable is the proportion of public workers
in a district-occupational cell. Additional covariates are year FE’s. The threshold
is 46.68. The sample contains those district-occupational cells, where the average
wage was below the median wage in 2009, without Gyula and Komló districts.
Occupational categories: 5 Commercial and services occupations, 6 Agricultural and
forestry occupations, 7 Industry and construction industry occupations, 8 Machine
operators, assembly workers, drivers of vehicles. In the case of category 8 without
outliers. Standard errors are clustered at district level. *** p<0.01, ** p<0.05, *
p<0.1

Table A.8: Robustness check for occupational categories, first stage

Occupational cat. 5 6 7 8
Robust Coef. 0.231* 1.252 1.657*** 0.993***

St.error (0.124) (5.74) (0.437) (0.347)
Observations 905 1,710 2,608 1,428
Time horizon 2013-2017
Left BW 6.3 5.0 4.2 2.3
Right BW 6.3 5.0 4.2 2.3
Obs. on the left 165 210 260 100
Obs. on the right 125 175 175 31
Order of polyn. 1 1 1 1
Restriction Below 2009 median wage

The outcome variable is the log fte private sector wage, the running variable is
the complex indicator, the treatment variable is the proportion of public workers
in a district-occupational cell. Additional covariates are year FE’s. The threshold
is 46.68. The sample contains those district-occupational cells, where the average
wage was below the median wage in 2009, without Gyula and Komló districts. Oc-
cupational categories: 5 Commercial and services occupations, 6 Agricultural and
forestry occupations, 7 Industry and construction industry occupations, 8 Machine
operators, assembly workers, drivers of vehicles. In the case of category 8 without
outliers. Standard errors are clustered at district level. *** p<0.01, ** p<0.05, *
p<0.1
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A.4.7 Estimation for placebo cutoffs

I use two placebo thresholds one above and one below the original cutoff. In both cases,
the estimated effect is close to zero and not significant (Table A.9), which shows that there
is no effect around the placebo cutoffs.

Table A.9: Fuzzy RD estimates using local polynomial regression for log private fte wage
for occupational category 9, placebo with different cutoffs

(1) (2)
Robust Coef. 0.00363 -0.00737

St.error (0.0129) (0.0126)
Observations 2,595 2,595
Time horizon 2013-2017
Left BW 2.6 8.8
Right BW 2.6 8.8
Obs. on the left 165 435
Obs. on the right 180 240
Order of polyn. 1 1
Cutoff 35 60

The outcome variable is the log fte private sector wage,
the running variable is the complex indicator, the treat-
ment variable is the proportion of public workers in a
district-occupational cell. Additional covariates are year
FE’s. The threshold is 35 and 60 respectively. The
sample is without Gyula and Komló districts. Stand-
ard errors are clustered at district level. *** p<0.01, **
p<0.05, * p<0.1
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A.5 Supplementary tables and graphs

Table A.10: Descriptive statistics of district two-digit occupational cells in the private
sector

variable mean p50 p25 p75
FTE employment 323.47 90.65 20.52 309.45

log(FTE wage) 12.29 12.21 11.97 12.56
PW share 4.49 0 0 2.27

The table contains the number of full-time equivalent workers, the log av-
erage wage and the public worker share between 2013-2017 in the private
sector.

Table A.11: Descriptive statistics of district two-digit occupational cells in the private
sector occupational category 9

variable mean p50 p25 p75
FTE employment 660.89 448.75 231.38 729.55

log(FTE wage) 11.8 11.78 11.71 11.88
PW share 25.37 18.9 9.03 37.99

The table contains the number of full-time equivalent workers the log aver-
age wage and the public worker share between 2013-2017 in the Elementary
occupations, which does not require qualification in the private sector.

Figure A.2: Log wages around the cutoff (2009-2012)
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Table A.12: The proportion of PW wage to minimum wage

Public worker net wage/minimum wage
Without qualification With qualification

2011 78% 86%
2012 77% 85%
2013 77% 85%
2014 76% 84%
2015 75% 83%
2016 71% 79%
2017 64% 66%

In Hungary, there are two minimum wages. One for those, who don’t
have any qualifications and for those who have at least vocational qual-
ifications.

Table A.13: Those occupation categories, where the PW-proportion is the highest, average
(2012-2017)

Occupational category FEOR-code PW-proportion
Forestry, game-farming and fisheries occupations 62 36.6
Simple service, transport and similar occupations 92 32.2
Simple industry, construction industry, agricultural occupations 93 21.8
Cleaners and related simple occupations 91 15.4
Other industry and construction industry occupations 79 12.0
Agricultural occupations 61 10.2
Office clerks 41 5.4
Educational assistants 34 5.0
Building industry occupations 75 3.6
Technicians and other related technical professionals 31 3.2
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Figure A.3: Other covariates (2009-2011)
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Appendix B

Appendix for Chapter 2

B.1 Database description

B.1.1 Average wage calculation

The database of the Hungarian State Treasury (MÁK) contains the full population, who
had at least one day of legal work between 1997-2017. The following variables are used in
the study:

• district level place of residence,

• the wage,

• the type of employment (e.g. self-employed, entrepreneur, employee, public worker
etc.),

• four-digit occupational code (FEOR),

• weekly hours worked,

To calculate the average wages I selected those individuals, who had any kind of em-
ployment in the private sector on 30th April in every year (between 2009-2017). In this way,
I can overcome the seasonality issues. The Hungarian administrative database contains
everyone, after whom the employer pays the pension contributions. This means that every
type of employment is included (e.g. part-time job, self-employment etc.). Since there are
many individuals, who have several types of jobs, I choose the highest wage for everyone.
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I calculated the district-two digit occupational cell full-time equivalent wage for every year
using the highest wage for each individual. There are 175 districts in Hungary (the capital
is counted as one district). There are on average 40 two-digit occupational categories per
district.

B.1.2 Calculation of occupational level tightness

There are nine main categories1 in the Hungarian Standard Classification of Occupations
(FEOR):

1. Managers,

2. Professionals,

3. Technicians and associate professionals,

4. Office and management (customer services) occupations,

5. Commercial and services occupations,

6. Agricultural and forestry occupations,

7. Industry and construction industry occupations,

8. Machine operators, assembly workers, drivers of vehicles,

9. Elementary occupations not requiring qualification.

Based on the skill requirements for each occupational category (see KSH (2011)) I
constructed the one-digit occupational level tightness in the following way. In each category,
the numerator is the number of one-digit occupational level vacancies. The denominators
are the following:

• for categories 1-2: the number of unemployed with bachelor or masters degree,

• for category 3: the number of unemployed with bachelor or masters degree plus the
number of unemployed with high school,

1Apart from armed forces occupations.
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• for categories 4-8: the number of unemployed with high school or post-secondary
vocational education, secondary education (at grammar schools, vocational schools,
trade schools) or primary level of education,

• for category 9: the number of unemployed with a primary level of education or
without any education.

B.2 Different measure of the instrument
To have more variation in the instrument I downloaded the distances from 6 border-
crossings (Hegyeshalom, Sopron, Kópháza, Kőszeg, Bucsu, Rábafüzes) and the district
capitals. I calculated the minimum of these distances both in driving time and distance in
kilometres. I used these two measures as alternative IV’s. The estimated coefficients are
significant and quite similar to the original estimation (Table B.1). The first stages are
also similar to the original estimation (Table B.2). This means that my results are robust
to a different type of distance measure.

Table B.1: Main IV specification

(1) (2)
VARIABLES lnw lnw
lntight 0.0667** 0.0602*

(0.0280) (0.0240)
Observations 22,639 22,639
No. of dist.-occ. cells 2,830 2,830
Time horizon 2009-2017 2009-2017
County FE Yes Yes
Year FE Yes Yes
R-overall 0.139 0.143
Instrument disctance in km distance in time

The dependent variable is the log private sector fte wage in a district-two digit
occupational cell. The independent variable is the log tightness in a district-one
digit occupational cell. Other covariates are the share of high skilled workers, the
county and year FE. The instrumental variable is the distance from the Austrian
border-crossings and its interaction with the after2011 dummy. The sample contains
those districts, for which minimum of the distance to Vienna and Graz is less than
180 minutes (same sample as in Table 2.2). Standard errors are clustered on district
level. *** p<0.01, ** p<0.05, * p<0.1
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Table B.2: Main IV specification, first stage

(1) (2)
VARIABLES lntight lntight
distance × after2011 -0.00412*** -0.00857***

(0.000824) (0.00124)
distance -0.00370 -0.00485

(0.00253) (0.00339)
Observations 22,639 22,639
No. of dist.-occ. cells 2,830 2,830
Time horizon 2009-2017 2009-2017
County FE Yes Yes
Year FE Yes Yes
R-overall 0.561 0.565
Disctance km minutes

H0 : distance × after2011=0
χ2 24.98 47.92
p-value 0.0000 0.0000

The dependent variable is the log tightness in a district-one digit occu-
pational cell. The independent variable is the distance from the Austrian
border-crossings (in km and in minutes as well) and its interaction with
the after2011 dummy. Other covariates are the share of high skilled
workers, the county and year FE. The sample contains those districts,
for which minimum of the distance to Vienna and Graz is less than 180
minutes. Standard errors are clustered on district level. *** p<0.01, **
p<0.05, * p<0.1
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B.3 OLS and reduced form
If the tightness increases the wages also increase. But in the meantime (due to reverse
causality) the higher wages imply lower tightness because more unemployed willing to fill
a job. This means that in the OLS estimation the parameter of tightness in the wage
equation is lower than in the IV case.

Table B.3: The OLS specification

(1)
VARIABLES lnw
lntight × after2011 0.00258

(0.00185)
Observations 22,399
No. of dist.-occ. cells 2,830
Time horizon 2009-2017
County FE Yes
Year FE Yes
R-overall 0.165

The dependent variable is the log private sector
fte wage in a district-two digit occupational cell.
The independent variable is the log tightness in
a district-one digit occupational cell. Other cov-
ariates are the share of high skilled workers, the
county and year FE. The sample contains those
districts, for which minimum of the distance to Vi-
enna and Graz is less than 180 minutes. Standard
errors are clustered on district level. *** p<0.01,
** p<0.05, * p<0.1

The reduced form is the following equation:

ln(wageijt) = δ0 + δ1post2011t × disti + δ2disti + γX + uijt (B.1)

where

• i is the index for district-occupational cells ,

• j is the index for districts,

• t is the year index,

• post2011 = 1 if year > 2010, 0 otherwise,
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• disti is the distance form the Western border (in minutes by car),

• X other covarites (FE’s share of high skilled in a district),

In the reduced form the distance× after2011 negatively affects wages (see Table B.4).
The parameter of interest means that after the opening of the Austrian labour market
wages decline by 0.06 percentage for every additional 1 minute travelling time to Austria.
Thus if a district is 20 minutes farther from the Austrian border than another the wages
there are 1.2% lower.

Table B.4: Reduced form

(1)
distance × after2011 -0.000617***

(0.000204)
distance -0.000276

(0.000350)
Observations 22,639
No. of dist.-occ. cells 2,830
Time horizon 2009-2017
County FE Yes
Year FE Yes
R-overall 0.16

The dependent variable is the log private sector fte
wage in a district-two digit occupational cell. The in-
dependent variable is the distance from the Austrian
border and its interaction with the after2011 dummy.
Other covariates are the share of high skilled workers,
the county and year FE. The sample contains those
districts, for which minimum of the distance to Vienna
and Graz is less than 180 minutes. Standard errors are
clustered on district level. *** p<0.01, ** p<0.05, *
p<0.1

B.4 Detailed model setup
I briefly summarize the modified version of Mortensen–Pissarides model Pissarides (2000)
based on Roshchina (2016).

The definitions of the labour demand and supply:

Labour demand = filled jobs+ vacancies

Labour supply (L) = unemployed+ employed
(B.2)
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The unemployment rate is u = U
L
, the vacancy rate is v = V

L
and the total number

of matches between jobseekers and vacancies is mL. The matching function defines the
newly created jobs:

m = m(U, V ) (B.3)

where

• m number of matches,

• U number of unemployed,

• V number of vacancies.

The m(u, v) function is increasing in both arguments, which can be written in another
form:

mL = m(uL, vL)
: L−−→ m = m(u, v). (B.4)

Dividing the matching function with the unemployment rate:

m(u, v)

u
= m

(
1,

v

u

)
= p(θ), (B.5)

gives the job finding probability of the unemployed. This probability is the increasing
function of θ. Similarly, dividing by the number of vacancies:

m(u, v)

v
= m

(u
v
, 1
)
= m

(
1,

v

u

)u
v
=

p(θ)

θ
= q(θ) (B.6)

gives the rate at which a vacant job is matched to a worker. The q(θ) function is decreasing
in θ, which is intuitive since, if the number of vacancies rise compare to the unemployed,
the vacancy filling probability (q(θ)) diminishes.

From now on, I use a modified version of Roshchina (2016) model. In this setup, there
are L isolated locations. In every location l there is a continuum of firms that can post
as many vacancies as they wish. The price p of the final good which they produce is
exogenously given. Let the vacancy filling rate be in location l:

q(θl) =

(
Vl

Ul

)−(1−σ)

(B.7)
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And the job finding probability is:

p(θl) = q(θl)θl =

(
Vl

Ul

)σ

(B.8)

where σ is the parameter of the matching function.

B.4.1 Labour supply

For the jobseeker, the return on being unemployed is the unemployment benefit plus the
expected value of finding a job with probability p(θl). Consequently, the expected value of
unemployment in location l:

rJU
l = z + p(θl)(J

E
l − JU

l ) (B.9)

where

• z is the unemployment benefit, i.e. the outside option of the worker,

• JU
l the value of unemployment,

• JF
l the value of employment,

• r discount rate.

For the employee, the flow return on employment is equal to his wage and the expected
value of losing the job with probability s. So the expected value of employment in location
l can be expressed as an asset equation:

rJE
l = wl + s(JU

l − JE
l ) (B.10)

where

• s is the separation rate, the probability that a worker loses his job,

• JU
l the value of unemployment,

• wl is the wage.
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B.4.2 Labour demand

Each firm in location l has a flow revenue from the production of yl = p+ηl, where p is the
price of the good and ηl is location specific revenue advantage. For the firms yl is given and
they can only decide on the number of posted vacancies. As in the labour demand case,
the flow value of a vacancy and a filled job can be determined as well. For the firm the
flow return on a vacancy is the expected gain of finding a suitable worker with probability
q(θ) and the cost of posting the vacancy:

rJV
l = −γ0 + q(θl)(J

F
l − JV

l ) (B.11)

where

• JV
l is the value of a vacant job,

• γ0 is the cost of an open vacancy, i.e. the cost of the time and resources (e.g.
advertising costs) used to find a suitable employee.

Similarly, the value of a filled job is the profit (the difference between revenue and
wage) plus the expected value of the job becoming vacant with probability s:

rJF
l = yl − wl + s(JV

l − JF
l ) (B.12)

where

• JF
l is the value of a filled job.

B.4.3 Wage determination process

After a match, a surplus is generated because the job seeker is better off working, and then
to be unemployed. The firm is also better off with a filled vacancy than with a vacant
one. Using the above equations, we can express the sum of the employer’s and employee’s
surplus. This surplus can be considered as a monopolistic rent and it is divided between
the worker and the firm. The split is made during the negotiations. The total surplus,
which they can split, is:

(JF
l + JE

l )− (JV
l + JU

l ) = JF
l − JV

l︸ ︷︷ ︸
firm′s surplus

+ JE
l − JU

l︸ ︷︷ ︸
worker′s surplus

(B.13)
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In this model, the bargaining power of the worker, β is exogenously given and the Nash-
bargain method is used to determine the distribution of the surplus. In this framework,
bargained wage maximizes the geometric average of the two actors’ surplus, weighted by
their relative bargain power:

max
w

(JF
l − JV

l )
1−β(JE

l − JU
l )

β (B.14)

Since the objective function is a Cobb-Douglas type, the first order condition can be
expressed as follows:

(JE
l − JU

l ) =
β

1− β
(JF

l − JV
l ) (B.15)

which is
(JE

l − JU
l ) = β((JF

l − JV
l )− (JE

l − JU
l )). (B.16)

Therefore, the worker’s surplus is equal to β fraction of the total surplus. Subtracting rJU

(B.9) from rJE (B.10) the worker’s surplus can be calculated in two steps:

rJE
l − rJU

l = wl + s(JU
l − JE

l )− z − p(θl)(J
E
l − JU

l ) (B.17)

After some transformation, the workers surplus is as follows:

JE
l − JU

l =
wl − z

r + s+ p(θl)
(B.18)

This means that the worker’s surplus depends positively on the difference between wage and
unemployment benefit. If the separation rate s increases, the worker’s surplus diminishes.
This is intuitive since, if the probability of losing the job grows, the surplus (or the expected
value of the surplus) shrinks.

In the search and matching models entry is free for the firms to the labour market
(JV

l = 0). Plugging this assumption into equation (B.11): JF
l = γ0

q(θl)
. Setting equal

equation (B.15) and (B.18) gives

β

1− β

γ0
q(θ)

=
wl − z

r + s+ p(θl)
(B.19)

Substituting JF
l and JV

l in equation (B.12) gives an expression:

r + s = (yl − wl)
q(θl)

γ0
(B.20)
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Substituting (B.20) into equation (B.19), using that p(θ)
q(θ)

= θ (see equation (B.8)) and
after some transformation the equilibrium wage is:

wl = β(yl + γ0θl) + (1− β)z (B.21)
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Appendix C

Appendix for Chapter 3

C.1 Robustness checks and placebos

C.1.1 Does Jobbik vote share affect labour supply?

To check whether Jobbik vote share affects labour supply we calculate the labour search
intensity (the ratio of unemployed to inactive) of Roma people in every district. Then we
use the same bins based on Jobbik vote share and small firm proportion as in the case of
the simulation. If there would be a strong connection between Jobbik vote and small firm
share there would be a clear increasing pattern in the search intensity by increasing the
small firm and Jobbik vote share. This pattern is missing from the data (Table C.1 and
C.2), which implies that the labour supply is not affected by local prejudices and district
level small firm share.

Table C.1: Search intensity of Roma men (age 15-59)

Small firm share
10 20 30 40 50 60

Vote share of Jobbik

15 113 74 84 100 90
20 79 55 72 88 59 153
25 50 77 83 110
30 61 72 77 105
35 51 111 80
40 48
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Table C.2: Search intensity of Roma women (age 15-59)

Small firm share
10 20 30 40 50 60

Vote share of Jobbik

15 49 37 34 36 58
20 38 30 29 34 25 58
25 24 31 33 40
30 21 27 30 35
35 24 34 27
40 15

C.1.2 District level observation

In this robustness check, we calculate the Roma and non-Roma employment rates for
districts. We estimate a similar equation as in the main specification but without individual
level controls. In this setting, there are two observations (Roma and non-Roma) for every
district.

eij = β1rij + β2rij · Vj + β3rij · Sj+

+ β4rij · Vj · Sj + θj + uij

(C.1)

where

• i is the ethnicity (Roma or non-Roma), j is the district (járás),

• eij is the employment rate for Roma (i = 1) and non-Roma (i = 0),

• rij is the Roma ethnicity dummy (1 if Roma, 0 otherwise),

• Vj is the votes for Jobbik in district j (proportion of total votes),

• Sj is the proportion of employed people in small firms (with 2-30 employees),

• θj district FE; and

• uij is the error term.

The first stage equations are:

rij · Vj = α1rij · Lj + δ1rij · Sj · Lj + θj + uij (C.2)

rij · Sj · Vj = α2rij · Lj + δ2rij · Sj · Lj + θj + uij (C.3)
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where

• Lj is the total debt to population ratio in district j.

Table C.3: The district level linear employment probability model age 15-60, without high
school, estimated by IV

Men Women
Roma -0.748* -1.198**

(0.421) (0.558)
Roma × Vote 2.110 4.720

(2.293) (2.978)
Roma × Small 1.778 2.918*

(1.421) (1.659)
Roma × Vote × Small -8.978 -15.64*

(7.870) (9.023)
Observations 350 350
R-squared 0.944 0.932
District FE YES YES
IV F-stat (R × V) 537.51 537.51
IV F-stat (R × V × S) 534.09 534.09

IV: foreign currency debt/population in a district.
District level clustered standard errors in parentheses. *** p<0.01,
** p<0.05, * p<0.1

The results are quite similar to the original estimation (see Table C.3). The sign of the
parameters is the same as in the original estimation. The magnitudes are also similar. On
the other hand, not as many parameters are significant as in the original case, which is not
surprising since here the number of observations are considerably smaller. The qualitative
conclusion of the simulation is the same as in the individual case, albeit the estimated gaps
are somewhat larger (see Table C.4).
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Table C.4: The predicted employment gaps of Roma men depending on small firms and
Jobbik votes in the district using district level regressions

Small firm proprtoion
20-30% 30-40% 40-50%

20-25% Estimate -0.336 -0.360 -0.382
Vote share Sd. error (0.02) (0.04) (0.06)
of Jobbik 25-30% Estimate -0.341 -0.393 –*

Sd. error (0.05) (0.06)
*Less than 5 districts in the cell.
The predicted national average employment gap is -.32 at the average district value of
Jobbik (18.8%) and the average district small firm employment share (31.2%).
Age 15-60, without a high school or college/university attainment, comparing to non-
Roma men with similar individual attributes, IV method.
Clustered standard errors in parentheses.

121

C
E

U
eT

D
C

ol
le

ct
io

n



10.14754/CEU.2021.05

C.1.3 Alternative estimation of the first stage

In the first stage estiamtion, the R2 can be considered too high (above 0.9), which can be
due to the Roma dummy. To check whether the first stage is strong enough we restricted
the sample to the Roma and estimated the first stages to this restricted sample without
the dummies. In these specifications district FE’ cannot be used due to multicollinearity
with the other district level variables. We estimated the following equations:

Vj = α1Lj + δ1Sj · Lj +Xijγ1 + uij (C.4)

Sj · Vj = α2Lj + δ2Sj · Lj +Xijγ2 + uij (C.5)

where

• Xij is individual level controls.

Table C.5: First stage estimate using only the Roma

Men Women
Vj Vj × Sj Vj Vj × Sj

Lj -0.305* -0.00114 -0.230 0.0140
(0.178) (0.0342) (0.180) (0.0342)

Lj × Sj 0.187 -0.259** -0.115 -0.324***
(0.533) (0.106) (0.545) (0.107)

Controls Yes Yes Yes Yes
District FE No No No No
IV F-stat 79.4 79.5 81.75 80.07
No. of observations 51,226 51,226 59,953 59,953
R-squared 0.307 0.561 0.310 0.569

We considered employed those who worked at least one hour a week before the Census
(24-30 September 2011). We do not consider as employed the following persons: the
self-employed, fostered workers (participated in the public work scheme), helping family
member, casual worker or those whose spouse is a self-employed who has 1 or 2 employ-
ees. These individuals are not in our sample. Budapest is considered one district.
Roma: those who choose at least once Roma from the two nationality questions (primary
and secondary nationality).
Controls: see Appendix Table C.8.
District level clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

The magnitude and sign of the estimated parameters are the same in every case (Table
C.5). For men, the significance of parameters is also the same, for women one parameter
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is significant. The R2’s are much smaller than in the original case but they indicate that
the instruments have explanatory power. The F-statistics are still well above 10.

C.1.4 Industry composition instead of small firm share

One can argue that some industries organise production in many small teams, while in
other industries firms would pool all workers into one big team. Team size may matter for
the same reasons as firm size. To check whether this argument is relevant we calculate the
share of workers in agriculture, manufacturing and services. We included these into the
equations instead of small firm shares. The question is whether the triple interaction is
significant and what is the magnitude of the parameter compared to the small firm share.

We estimate the following equation:

eij = β1rij + β2rij · Ij + β3rij · Vj+

+ β4rij · Ij · Vj + θj +Xijγ + uij

(C.6)

where

• i is the individual, j is the district (járás),

• eij is the employment status of the individual (1 if employed, 0 otherwise),

• rij is the Roma nationality dummy (1 if Roma, 0 otherwise),

• Ij is the share of workers to the total number of workers in the main industries
(separate equations for agriculture, manufacturing and services),

• Vj is the votes for Jobbik in district j (proportion of total votes),

• θj district FE,

• Xij are the individual level controls; and

• uij is the error term.

In the case of men, the triple interactions are at least two magnitudes smaller than
in the case of small firm share. Two of the parameter estimates are not significant one is
significant at 10% level (Table C.6). This indicates that industry composition does not
play a role in the employment gap. Similar conclusions can be drawn from the estimated
parameters in the case of women (Table C.7).
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Table C.6: Placebo estimates using industry shares instead of small firm proportion (men
18-60 years old)

Services Manufacturing Agriculture
VARIABLES emp emp emp
Roma -0.274*** -0.125*** -0.205***

(0.0815) (0.0294) (0.0171)
Roma × Vote -0.320 -0.401** -0.0527

(0.448) (0.178) (0.0947)
Roma × Service 0.00105

(0.00105)
Roma × Vote × Service 0.00227

(0.00608)
Roma × Manuf -0.00335**

(0.00142)
Roma × Vote × Manuf 0.0106

(0.00774)
Roma × Agri 0.00371

(0.00307)
Roma × Vote × Agri -0.0298*

(0.0158)
Observations 1,222,154 1,222,154 1,222,154
R-squared 0.193 0.193 0.193
District FE Yes Yes Yes

We considered employed those who worked at least one hour a week before the Census (24-
30 September 2011). We do not consider as employed the following persons: the self-employed,
fostered workers (participated in the public work scheme), helping family member, casual worker
or those whose spouse is a self-employed who has 1 or 2 employees. These individuals are not in
our sample. Budapest is considered one district.
Roma: those who choose at least once Roma from the two nationality questions (primary and
secondary nationality).
Controls: see Appendix Table C.8.
Service, Manuf, Agri: share of those (in percentage points) who work in services, manufacturing,
agriculture respectively (to the total employment in a given district).
District level clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table C.7: Placebo estimates using industry shares instead of small firm proportion (women
18-60 years old)

Services Manufacturing Agriculture
VARIABLES emp emp emp
Roma -0.304*** -0.133*** -0.212***

(0.0628) (0.0223) (0.0142)
Roma × Vote 0.0872 -0.267** -0.0328

(0.332) (0.123) (0.0718)
Roma × Service 0.00136*

(0.00105)
Roma × Vote × Service -0.00200

(0.00445)
Roma × Manuf -0.00359***

(0.00108)
Roma × Vote × Manuf 0.0104*

(0.00564)
Roma × Agri 0.00350

(0.00216)
Roma × Vote × Agri -0.0151

(0.0109)
Observations 945,335 945,335 945,335
R-squared 0.171 0.171 0.171
District FE Yes Yes Yes

We considered employed those who worked at least one hour a week before the Census (24-
30 September 2011). We do not consider as employed the following persons: the self-employed,
fostered workers (participated in the public work scheme), helping family member, casual worker
or those whose spouse is a self-employed who has 1 or 2 employees. These individuals are not in
our sample. Budapest is considered one district.
Roma: those who choose at least once Roma from the two nationality questions (primary and
secondary nationality).
Controls: see Appendix Table C.8.
Service, Manuf, Agri: share of those (in percentage points) who work in services, manufacturing,
agriculture respectively (to the total employment in a given district).
District level clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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C.2 Supplementary tables and graphs

Table C.8: Control variables used in the equations

Age Partner’s income: social benefit
Age squared No. employed in flat (besides person)
long-term ill No. pensioners in flat (besides person)
disabled No. living from wealth in flat (besides person)
long-term ill and disabled No. under social care in flat (besides person)
Illness info missing can’t take care of himself (dummy)
speaks English Flat size (m2), natural logarithm
speaks German Megye centre
religious Village 5000+ pop
Married or has companion Village 2000-4999 pop
Partner’s employed Village 1000-1999 pop
Partner’s income: pens Village 0-999 pop
Partner’s income: own wealth
category variable for reachable local labour market centers by public transport
(seperate for 0, 1, 2, 3, 4 centres)

Table C.9: Descriptive statistics of the main variables on district level

Variable Mean Std. Dev. Min Max
Jobbik vote share 0.188 0.057 0.103 0.385
Small firm proportion 0.312 0.083 0.037 0.565
FX-debt/population (million HUF) 0.086 0.044 0.034 0.432
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Table C.10: The linear employment probability model age 15-60, without high school,
estimated by OLS

Men Women
Roma -0.269*** -0.255***

(0.0560) (0.0358)
Roma × Vote 0.257 0.124

(0.257) (0.172)
Roma × Small 0.362 0.247*

(0.241) (0.147)
Roma × Vote × Small -2.087* -0.952

(1.105) (0.723)
Observations 1,222,154 945,335
R-squared 0.193 0.171
Controls Yes Yes
District FE YES YES

We considered employed those who worked at least one hour a week before
the Census (24-30 September 2011). We do not consider as employed
the following persons: the self-employed, fostered workers (participated
in the public work scheme), helping family member, casual worker or
those whose spouse is a self-employed who has 1 or 2 employees. These
individuals are not in our sample. Budapest is considered one district.
Roma: those who choose at least once Roma from the two nationality
questions (primary and secondary nationality).
District level clustered standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1
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Table C.11: The linear employment probability model age 15-60, without high school,
reduced form

Men Women
Roma -0.178*** -0.156***

(0.0335) (0.0227)
Roma × Loan -0.409 -0.876***

(0.372) (0.250)
Roma × Small -0.271** -0.226***

(0.120) (0.0788)
Roma × Loan × Small 2.343* 3.253***

(1.280) (0.821)
Observations 1,222,154 945,335
R-squared 0.193 0.171
Controls YES YES
District FE YES YES

We considered employed those who worked at least one hour a week before
the Census (24-30 September 2011). We do not consider as employed the
following persons: the self-employed, fostered workers (participated in the
public work scheme), helping family member, casual worker or those whose
spouse is a self-employed who has 1 or 2 employees. These individuals are
not in our sample. Budapest is considered one district.
Roma: those who choose at least once Roma from the two nationality
questions (primary and secondary nationality).
Controls: see Appendix Table C.8.
District level clustered standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1
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Table C.12: First stage estimate

Men Women
rij × Vj rij × Vj × Sj rij × Vj rij × Vj × Sj

rij × Lj -0.392** -0.0183 -0.386** -0.0151
(0.192) (0.0376) (0.193) (0.0376)

rij × Lj × Sj 0.443 -0.202* 0.395 -0.221*
(0.569) (0.114) (0.573) (0.114)

Controls Yes Yes Yes Yes
District FE Yes Yes Yes Yes
IV F-stat 238.5 241.5 253.3 330.5
No. of observations 1,222,154 1,222,154 945,335 945,335
R-squared 0.914 0.918 0.918 0.922

We considered employed those who worked at least one hour a week before the Census (24-30 September
2011). We do not consider as employed the following persons: the self-employed, fostered workers
(participated in the public work scheme), helping family member, casual worker or those whose spouse
is a self-employed who has 1 or 2 employees. These individuals are not in our sample. Budapest is
considered one district.
Roma: those who choose at least once Roma from the two nationality questions (primary and secondary
nationality).
Controls: see Appendix Table C.8.
IV: foreign currency debt/population in a district.
District level clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table C.13: The predicted employment gaps of Roma women depending on small firms
and Jobbik votes in the district

Small firm proprtoion
20-30% 30-40% 40-50%

20-25% Estimate -0.22 -0.23 -0.24
Vote share Sd. error (0.01) (0.01) (0.02)
of Jobbik 25-30% Estimate -0.21 -0.25 –*

Sd. error (0.02) (0.02)
*Less than 5 districts in the cell.
Predicted national average employment gap is -.20 at the average district value of Jobbik
(18.8%) and the average district small firm employment share (31.2%).
Age 15-60, without high school or college/university attainment, comparing to non-
Roma men with similar individual attributes, IV method.
District level clustered standard errors in parantheses.
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Figure C.1: The employment rate by nationality and gender (age 15-60 without high
school)
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Figure C.2: The percentage of votes cast for the Jobbik party list in 2010
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Figure C.3: Histogram of proportion of small firms by district, 2011
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Figure C.4: The proportion of small firms by district, 2011
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Figure C.5: The population pyramid for non-Roma, 2011

0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-

Male Female

10 5 0 5 10
Percentage of total population

Source: Census.

Figure C.6: The population pyramid for Roma, 2011
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Figure C.7: The proportion of votes casted for the Jobbik party list and small firms by
district, 2011
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