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A B S T R A C T

This paper evaluates the worker-level effects of a historically large and permanent increase
in the minimum wage in Lithuania. Our identification strategy leverages variation in workers’
exposure to the new minimum wage, and exploits the fact that there has been no increase in
the minimum wage in previous years, to account for heterogeneous labor market prospects of
low-wage workers relative to high-wage workers. Using detailed administrative records to track
workers before and after the policy change, we show that the minimum wage hike significantly
increased the earnings of low-wage workers. This direct effect was amplified by wage spillovers
reaching the median of the pre-policy income distribution. Overall, we find no negative effects
on the employment prospects of low-wage workers. However, we provide suggestive evidence
that young workers, highly exposed municipalities, and tradable sectors may be more negatively
affected. In contrast, labor market concentration or the presence of envelope wages appear to be
associated with lower job losses. Taken together, our findings imply an employment elasticity
with respect to the minimum wage of −0.021, and an own-wage elasticity of −0.033, suggesting
that wage gains dominated employment losses.

. Introduction

Minimum wage is the flagship policy to increase wages at the bottom of the income distribution. In the U.S., a total of 74 cities,
ounties, and states raised their minimum wages in 2021 (Lathrop, 2020). In the European Union, minimum wage legislation is
lso gaining momentum with several member states raising national minimum wages (Aumayr-Pintar et al., 2020), and the Council
ecently agreeing on a mandate to implement a European framework for adequate minimum wages (Council of the European Union,
021). Despite being widely used, however, minimum wage policy is not without controversy, as the evidence on the overall effect
f minimum wages on low-wage workers remains mixed (Neumark and Shirley, 2022; Manning, 2021).

In this paper, we analyze the labor market prospects of low-wage workers following a significant increase in the minimum wage
n Lithuania. On the 19th of December of 2012, the government announced an increase in the minimum wage from 317 to 373
uros, effective on the 1st of January of 2013. This 17.7% hike represents the largest relative increase in Lithuania’s history and
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has several features that make it an interesting case for investigating the effect of the minimum wage on the labor market. First, the
hike is among the largest single-step minimum wage increases analyzed in the literature. Second, it was a permanent increase that
profoundly altered the earnings distribution, as around 25% of wage earners had monthly incomes of less than 373 euros at the end
of 2012. Third, it was enacted only 5 months after an earlier, relatively smaller raise, that followed 4 years of no change. Fourth,
this historically large increase was adopted in a context of favorable conditions, namely sustained economic and price growth, as
well as being the result of an agreement between the social partners.

To evaluate the impact of such increase, we use detailed monthly Social Security records covering a quarter of the Lithuanian
opulation to track the labor market outcomes of workers, i.e., income and employment, before and after the legislative change. Our
dentification strategy relies on two unique features of our setting. We exploit the high-frequency nature of our data and leverage
ariation in workers’ exposure to the new minimum wage just prior to its increase. Therefore, we precisely locate workers along
he income distribution, from the most to the least exposed to the policy change, thereby being able to identify both the direct and
ndirect effects of the minimum wage.

As emphasized by Ashenfelter and Card (1982), labor market outcomes of low-wage workers differ from those of workers higher
p in the income distribution both in terms of employment retention probabilities and potential income growth, regardless of any
hange in the minimum wage. To account for these differences, we adopt a strategy similar to that of Dustmann et al. (2022).
e take advantage of the period in which we observe no change in the level of the minimum wage to contrast labor market

utcomes over such period to those after the minimum wage increase, and use the upper tail of the income distribution to account
or economy-wide effects. In this framework, we identify the causal effect of the minimum wage increase on worker-level outcomes
nder the assumption that macroeconomic changes and heterogeneous labor market prospects of workers located at different points
n the income distribution are properly accounted for. Thus, in the absence of the minimum wage increase, labor market outcomes
ould have evolved in the same way for workers exposed differently to the minimum wage.

Our results indicate that workers directly affected by the new minimum wage, i.e., those whose income was below 373 euros
n December 2012, experienced an average increase in income equal to 11.5% after a year, compared to individuals located in the
pper tail of the income distribution. We also document that the impact of the minimum wage extends beyond directly affected
orkers. Spillover effects are substantial for workers near the new minimum wage and diminish, but are still present, up to about the
edian of the pre-policy income distribution. Both direct and indirect effects are strongest just after the minimum wage increase, and
eaken somewhat a year later. We perform a detailed heterogeneity analysis and find that the positive wage effects are particularly

alient among groups who exhibit lower average income, i.e., women, young workers, and non-tradable industries. Interestingly,
age effects are almost equal to the size of the actual minimum wage hike among firms that pay envelope wages, suggesting that

ax-evading firms may be reacting to the minimum wage by legalizing undeclared wages (Tonin, 2011; Bíró et al., 2022).
As for employment effects, we find that the minimum wage increase had no discernible effect on the employment prospects of

ithuanian workers, with the sole exception of workers in the lowest income category, which includes mostly part-time workers, who
ere negatively affected. Notably, this negative effect is not immediate, and only appears one year after the increase in the minimum
age. In our heterogeneity analysis, we provide suggestive evidence about the existence of possible disemployment effects among
oung workers, in highly exposed municipalities, and the tradable sector. We also find suggestive evidence that raising the minimum
age may produce fewer employment losses in more concentrated industries, consistent with monopsony theory (Manning, 2013),
s well as among companies engaging in payroll tax evasion, in line with the declaration of underreported wages as an absorption
echanism (Gavoille and Zasova, 2021).

To support the causal interpretation of our findings, we show that the impact of the minimum wage only occurs after the increase
as enacted. In addition, we compare our minimum wage increase of interest to a milder, earlier hike and show that the larger

he increase, the larger the effect identified. Finally, we perform a falsification test on the upper tail of the income distribution and
how that the labor market outcomes of high-wage workers did not react to the minimum wage increase. Therefore, the impact of
he minimum wage only appears among workers at the bottom of the income distribution, the individuals affected by the policy.

Lastly, we compute the employment elasticities implied by our point estimates. Our calculations yield an employment elasticity
ith respect to the minimum wage of −0.021 (s.e. 0.034) and an own-wage employment elasticity equal to −0.033 (s.e. 0.053).

Both implied elasticities are consistent with the minimum wage hike increasing the earnings of low-wage workers without harming
their employment prospects (e.g., Dube, 2019). Consequently, the minimum wage policy contributed to reducing wage inequality.

Our work complements different strands of the minimum wage literature. First, an extensive empirical literature investigating
how minimum wage policy affects wages and employment (Card and Krueger, 1995; Neumark and Wascher, 2010; Manning, 2021)
has focused on changes in employment levels among teens (e.g., Neumark et al., 2014; Allegretto et al., 2017) or in specific
sectors (e.g., Dube et al., 2010), and more recently on overall employment (Meer and West, 2016; Cengiz et al., 2019; Giupponi et al.,
2022). Instead, we examine the worker-level effects of a large and persistent minimum wage increase, which is key for understanding
the ability of minimum wage policy to improve the situation of low-wage workers. Our individual approach is closely related to
that of Currie and Fallick (1996), Clemens and Wither (2019), Dustmann et al. (2022) and Gopalan et al. (2021), or Choi et al.
(2021) who investigate the effect of the minimum wage on workers’ income and employment trajectories. We contribute to this line
of work by looking at a country not previously analyzed in the literature, Lithuania, and a nationwide minimum wage hike that is
among the largest, one-time, increases investigated in the literature and was enacted under very favorable conditions. Importantly,
we account for the peculiarities of the labor market prospects of low-wage workers using a pre-policy period, but we investigate
an increase in the minimum wage, not the first time such legislation has been introduce as in Dustmann et al. (2022), and we also
provide evidence on short and medium-term effects.
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Second, we add to the literature on spillover and distributional effects of minimum wage legislation (recent research on this
opic includes Autor et al., 2016; Rinz and Voorheis, 2018; Ferraro et al., 2018b; Cengiz et al., 2019; Gopalan et al., 2021; Engbom
nd Moser, 2021; Choi et al., 2021; Dustmann et al., 2022; Gregory and Zierahn, 2022; Giupponi et al., 2022). The central point
n this literature is the existence (and magnitude) of spillover effects after a minimum wage increase. While much of this research
dentifies the spillover effects from changes in the income distribution following an increase in the minimum wage, we quantify their
agnitude by tracking the wages of workers located at different points in the income distribution over different time horizons and

ompare them to the evolution of wages in a pre-policy period. Our findings are consistent with existing evidence of sizable spillover
ffects that decline steadily up to, at most, the median of the pre-policy income distribution (e.g., Cengiz et al., 2019). However, by
ooking at different time horizons, our analysis suggests that the time dimension somehow matters for the magnitude of spillovers.
ur empirical strategy also allows us to examine the existence of possible spillover effects for workers at the upper tail of the income
istribution. Recently, Gregory and Zierahn (2022) has examined the introduction of a minimum wage with an extraordinary bite
uring an economic downturn. The authors find positive spillover effects (on both wages and employment) for workers slightly
bove the new minimum wage, but, surprisingly, negative effects for workers further up in the income distribution. In contrast, our
esults point to no effects for the latter group of workers, highlighting that economic conditions interact in a non-negligible way
ith the labor market effects of minimum wage changes (Clemens and Wither, 2019).

Third, several papers have been published in the last two decades, using very different methods and data sources, investigating
he labor market effects of minimum wages in Central and Eastern European countries such as Czech Republic (Grossmann,
021), Estonia (Ferraro et al., 2018a), Hungary (Harasztosi and Lindner, 2019), Latvia (Gavoille and Zasova, 2021), North
acedonia (Jovanovic et al., 2021), Poland (Albinowski and Lewandowski, 2022), Slovakia (Eriksson and Pytlikova, 2004), and

lovenia (Vodopivec, 2015). Evidence from this set of studies is still mixed. We contribute to this literature not only because of
ithuania’s inclusion in the list of countries, but also for other reasons. First, the 17.7% minimum wage hike that we investigate
s in the upper-tail of the distribution of hikes previously analyzed, which has a median minimum wage change of 10.3%. Second,
ur identification strategy directly accounts for differences in workers’ labor market prospects that are unrelated to changes in the
inimum wage, something that has been overlooked in all papers analyzing the worker-level effects of minimum wage changes in

he region (Ferraro et al., 2018b; Eriksson and Pytlikova, 2004; Vodopivec, 2015), with the sole exception of Grossmann (2021).
inally, our comprehensive administrative data allows us to analyze the impact on different groups of workers, firms, or market
tructures and, hence, to better understand the labor market effects of changes in the minimum wage. Therefore, the sharp and
ersistent increase in the minimum wage, combined with the quality of our high-frequency administrative data and the existence of
long pre-policy period, allows us to causally identify the labor market effects of a minimum wages and explore its heterogeneous

ffects.
Our results are in line with the studies that find no or limited negative effects on employment, but some groups are more affected

han others (e.g., youth). Moreover, our exhaustive heterogeneity analysis highlights the importance of zooming in on specific labor
arkets, as the effect of the minimum wage may vary depending on firms’ ability to pass on labor costs in prices or on their market
ower. Similarly, suggestive evidence on envelope wages as a potential mechanism partially behind muted employment effects
ollowing a minimum wage increase, in line with recent evidence from Latvia (Gavoille and Zasova, 2021), emphasizes the value
f taking into account interactions between payroll tax evasion and minimum wage legislation (Tonin, 2011; Bíró et al., 2022).

Finally, our analysis also contributes to the policy debate on whether minimum wage policy can be an effective tool to address
he high levels of income inequality that characterize many of Central and Eastern European economies (Heyns, 2005; Bandelj and
ahutga, 2010; Brien et al., 2019), compared to other European countries (Bubbico and Freytag, 2018). In this regard, our paper

ffers a possible explanation for the decline in wage inequality observed in these countries between 2002 and 2014, which was
riven by a faster increase in wages at the bottom of the income distribution (Magda et al., 2021).

The rest of the paper is organized as follows. Section 2 explains the minimum wage legislation and economic context. Section 3
escribes the data, whereas Section 4 introduces the econometric model. Section 5 discusses the wage and employment effects of
he minimum wage. Section 6 concludes.

. Institutional background

.1. Minimum wage policy

Minimum wage legislation constitutes the main policy regulating the minimum monthly remuneration to which workers in
ithuania are legally entitled, as collective bargaining agreements setting higher minimum wages in some regions or sectors are
ot common.1 The policy is uniformly applied to all salaried workers, in both the private and public sectors, and its compliance is
onitored by the State Labor Inspectorate.2 The monthly minimum wage is set by the government following the recommendation

f the Tripartite Council (a national institution for social dialogue comprised by labor unions, employer associations, and the

1 According to the OECD database on Institutional Characteristics of Trade Unions, Wage Setting, State Intervention, and Social Pacts (ICTWSS), in 2019
nion density was just 7.4%, while the coverage of collective agreements was 7.9%.

2 With the introduction of the New Labor Code in July 2017, the minimum wage can only be paid for unskilled work, i.e., work that does not require any
594
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Table 1
National monthly minimum wage, 2008–2020.

Negotiations Minimum wage

Start End Agreement Announcement Enforcement Euros Growth (%)

13-Nov-2007 13-Nov-2007 Yes 7-Dec-2007 1-Jan-2008 299 14.6
17-Jun-2008 19-Jun-2012 No 20-Jun-2012 1-Aug-2012 317 6.0
18-Dec-2012 18-Dec-2012 Yes 19-Dec-2012 1-Jan-2013 373 17.7
25-Mar-2014 9-Sep-2014 No 24-Sep-2014 1-Oct-2014 386 3.5
27-Jan-2015 21-Apr-2015 Yes 27-Jun-2015 1-Jul-2015 419 8.5
27-Oct-2015 27-Oct-2015 Yes 2-Dec-2015 1-Jan-2016 451 7.6
3-May-2016 17-May-2016 No 22-Jun-2016 1-Jul-2016 490 8.6
23-May-2017 21-Sep-2017 Yes 11-Oct-2017 1-Jan-2018 516 5.3
18-May-2018 18-Sep-2018 No 16-Oct-2018 1-Jan-2019 555 7.6
23-Apr-2019 28-May-2019 No 3-Jul-2019 1-Jan-2020 607 9.4
23-Sep-2020 30-Sep-2020 No 14-Oct-2020 1-Jan-2021 642 5.8

Source: Statistics Lithuania and Tripartite Council meeting minutes. Notes: The start and end of negotiations are defined as the
first and last dates of the Tripartite Council meetings with the question of the minimum wage in the agenda since the last
increase. As of January 1, 2019, the Social Security contribution rates paid by the employer and the employee were modified,
which affects the way all salaries are declared. The minimum wage is re-scaled by such rate change (1.289) prior to 2019.
Growth refers to the nominal growth rate in the national minimum wage (NMW) relative to its previous level.

overnment) and further regulated by the Labor Code.3 If no agreement is reached during the Tripartite Council negotiations, the
decision on raising the minimum wage is ultimately taken by the government.4

Table 1 provides a detailed description of the Tripartite Council negotiations between 2007 and 2021 along with the national
monthly minimum wage that came into effect after each discussion. During this period, negotiations lasted an average of 180 days
and in less than half of the cases the Tripartite Council reached an agreement. The new wage floor usually came into effect two
months after the announcement made by the government and was increased by an average of 8%, but with significant dispersion
across years. For example, the minimum wage enacted in January 2013 represents the largest increase (17.7%) in Lithuania’s history
and is the focus of our analysis.5 Noteworthy, this increase is in the upper tail of the distribution of minimum wage increases analyzed
in Central and Eastern Europe or in any of the most recent minimum wage studies (see Table A.1 in Appendix A).

2.2. Macroeconomic environment and the minimum wage hike

In Fig. 1, we document the evolution of key macroeconomic indicators between 2008 and 2020. The Lithuanian economy was
severely affected by the Great Recession of 2008, which led to GDP shrinking by almost 20% in nominal terms at the height of the
crisis in 2009, a slump three times larger than that of the Eurozone or the United States. However, compared to other developed
economies, the negative shock was short-lived, and by 2010 the Lithuanian economy was already growing and reaching its pre-Great
Recession level of nominal GDP in 2012. The evolution of nominal wages and employment portrayed similar patterns, although not
as sharp and sudden, and again by 2012 the observed losses had almost completely recovered. From 2012 onwards, spurred by
economic growth, aggregate labor market conditions continued to improve. Importantly for our analysis, throughout the period
of economic distress, prices continued to rise, while the nominal monthly minimum wage remained unchanged, resulting in a
devaluation of almost 15% in real terms between 2008 and 2012.

In June 2012, after 4 years of unsuccessful meetings of the Tripartite Council to increase the minimum wage, the government
decided to unilaterally enact a modest increase in the minimum wage as of August 1, 2012, from 299 to 317 euros, equivalent to
a 6% increase. However, on December 18, 2012, within one day of negotiations, the Tripartite Council agreed on a new minimum
wage that came into effect on January 1, 2013, which would raise the minimum wage from 317 to 373 euros. With a nominal
increase of 17.7% and an implementation period of less than two weeks after the announcement, this is the largest (and fastest)
relative increase in the minimum wage in Lithuanian history. Fig. 2 shows the magnitude and persistence of this increase. The
minimum wage bite, measured as the ratio of minimum wage to average monthly income, stood at around 42%, a level comparable
to that of Portugal. After the 2013 minimum wage hike, the bite jumped to a new level similar to France that equals 48% of the
average monthly income.6

3 The hourly minimum wage, relevant especially for part-time workers, is the ratio of the monthly minimum wage to usual monthly working hours. Hence,
unless there is a regulatory change in working hours, the minimum hourly wage is implicitly determined by the monthly minimum wage.

4 In October 2017, the Tripartite Council reached an agreement to establish a formula for determining the level of the minimum wage each year and
depoliticize its decision. Specifically, the national monthly minimum wage (i) must be between 45 and 50 percent of the average monthly labor income,
excluding bonuses, allowances and additional payments that are not paid each period, and (ii) cannot be lower than the average ratio of the EU countries in
the top quartile of this measure over the last three years.

5 See Garcia-Louzao and Tarasonis (2021) for a description of all minimum wage increases in the history of modern Lithuania.
6 We select France and Portugal to place the policy change into context for two main reasons. First, nowadays they are among the countries with the highest

minimum wage bite in Europe. Second, they show a relatively stable evolution of the minimum wage bite during the period of interest that allows providing
bounds on the bite in Lithuania in a natural way.
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Fig. 1. Macroeconomic environment. Notes: Monetary variables (minimum wage, wages, GDP) are in nominal terms. Wages refer to the average monthly income
n a given year. GDP and CPI stand for gross domestic product and consumer price index, respectively..
ource: Statistics Lithuania and authors’ calculations.

This large and permanent increase in the minimum wage after a long period with no change in its level thus offers a unique
cenario for evaluating the effect of minimum wage increases on the labor market prospects of workers. The increase, however,
ook place in the midst of a favorable economic situation characterized by significant economic growth, which fostered a positive
volution of the labor market, together with a sustained increase in prices that started before the Great Recession. Therefore,
hile the conditions surrounding this particular minimum wage increase provide an interesting scenario for assessing the impact of
inimum wage policy, the peculiarities in the economic context should also be borne in mind when interpreting the results.

. Data

.1. Social security data

Our main data source comes from administrative records provided by the State Social Insurance Fund Board (SoDra). The data is
sample of individuals born in an odd-numbered month of each even-numbered year enrolled in the Social Security system at any

ime between 2000 and 2020.7 These individuals are tracked on a monthly basis as of 2010, whereas before that year the frequency
as quarterly, as employers were required by law to report information on their employees only on a quarterly basis.

For each member of the sample, we have information on income and welfare benefits received per period, gender, age, place
f residence, employment status, occupation, start and end of the employment relationship, reason for termination of employment,
ocation of the workplace and sector of activity, firm size and total wage bill measured at the end of the year, as well as unique
irm identifiers that allow us to track matches between the worker and the company over time.

There are two important limitations that are worth discussing. On the one hand, the dataset does not report information on
ours worked. This implies that we cannot classify workers by the minimum hourly wage, so it is likely that some individuals whose
onthly labor income is below the minimum monthly wage are part-time employees who may not be minimum wage workers in

erms of hourly wage. However, it should be noted that part-time employment is not very common in Lithuania, accounting for
nly about 6 percent of total salaried employment on average over the period 2010–2020.8

On the other hand, the labor income variable refers to all work-related income that is subject to Social Security contributions,
ncluding the base salary, but also non-regular payments, such as bonuses, allowances, overtime pay, commissions or severance

7 Individuals registered with the Social Security administration include those making Social Security contributions (e.g., employees, self-employed) as well
s people receiving any type of social benefits (e.g., unemployment insurance, child benefits, pension). Due to legal reasons, individuals do not appear in our
ample until they are 18, even if they were present in the Social Security system at younger ages.

8
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Fig. 2. Minimum wage bite. Notes: The minimum wage bite refers to the ratio (in percent) between the monthly minimum wage and the average monthly
earnings for each year.
Source: Eurostat and authors’ calculations.

ayments. Unfortunately, the dataset does not contain information to compute gross monthly earnings net of additional remuneration
ot received each month. This is a significant drawback as minimum wage legislation regulates only regular worker’s remuneration.
herefore, minimum wage workers may be classified above the monthly minimum wage threshold because our measure of labor

ncome is a broader metric. Although non-regular payments can be received by any worker, they are more frequent among high-wage
orkers, thus mainly affecting the upper tail of the income distribution.9

3.2. Analysis sample

Sample restrictions. To select our analysis sample, we impose the following restrictions to the raw data. We focus on all individuals
between 18 and 60 years old who have a wage-employment relationship with a company with at least two employees in the reference
period. Among these individuals, we exclude those on parental leave or receiving partial unemployment benefits or retirement
pension. We also eliminate workers in the transportation sector due to differences in the wage determination setting. In addition,
we only consider individuals working the full month and earning at least half of the minimum wage prevailing in December 2012,
i.e., 317 euros. The rationale for this restriction is twofold: (i) to mitigate the influence of non-compliance with hours and (ii) to
bring the income measure closer to regular remuneration. Under a full compliance assumption, full-time employees who work the
entire month must legally earn at least the minimum wage. Therefore, the majority of people earning 317 euros or more should be
full-time workers. Moreover, by considering only workers employed for the full month, we avoid including severance payments in
the measure of income, since workers are not laid off in the reference period. Finally, if a worker has more than one job, we keep
the job reporting the highest income, and remove individuals whose income increases by three times or more between two periods.
The constraints yield a baseline sample consisting of 192,798 workers in December 2012.

Minimum wage workers. Table 2 reports basic summary statistics for selected income groups in the month prior to the minimum
wage increase to characterize who the minimum wage workers are (i.e., workers earning less than 373 euros in December 2012).
Compared to individuals above the median of the income distribution (i.e., workers whose income in December 2012 is 569 euros
or higher), minimum wage workers are more likely to be female, younger, noneemployed in the previous year, and located in
small cities. Minimum wage workers are less likely to work in public administration or state-owned enterprises, and they are over-
represented in micro, small, and medium enterprises. They are also more likely to work in the construction sector, retail trade,
accommodation and food services.10

9 These non-regular payments are also more likely to be paid at the end of the year and equal to around 7.5% of usual labor income, with notable heterogeneity
cross industries (see Figures A.3 and A.4 in Appendix A).
10 Appendix B Table B.1 we investigate who are the minimum wage workers in a regression framework. We estimate a linear probability model for the

ikelihood a worker earns less than 373 euros on the same set of variables as displayed in Table 2. The results are in line with our basic descriptive statistics
597
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Table 2
Descriptive statistics.

Income bin in December 2012

[159,373) [373,569) [569,1017) [1017, ∞)

Female 0.559 0.553 0.580 0.514
Lithuanian 0.985 0.987 0.992 0.992
Employed in December 2011 0.624 0.780 0.859 0.915
Age group

Age ∈ [18–24] 0.129 0.117 0.087 0.032
Age ∈ [25–44] 0.467 0.466 0.496 0.559
Age ∈ [45–60] 0.405 0.416 0.416 0.409

Location
Vilnius; Kaunas; Klaipeda 0.402 0.444 0.495 0.608

Firm type
Public admin/State-Owned 0.169 0.225 0.356 0.409
Young 0.179 0.109 0.072 0.082
Micro, small, and medium 0.634 0.386 0.253 0.225

Industry
Agriculture; Mining 0.040 0.035 0.030 0.021
Manufacturing 0.196 0.209 0.206 0.166
Electricity; Waste management 0.010 0.017 0.032 0.032
Construction 0.096 0.088 0.069 0.047
Wholesale trade 0.115 0.100 0.081 0.098
Retail trade; Accommodation and food services 0.221 0.198 0.115 0.058
Information and communication tech 0.013 0.012 0.020 0.055
Finance; Insurance; Real Estate Activities 0.035 0.029 0.035 0.059
Professional services; Administrative and support services 0.084 0.079 0.074 0.101
Public administration; Education; Human health 0.149 0.201 0.309 0.346
Arts, Entertainment; Other services 0.041 0.032 0.030 0.019

Observations 45,205 44,183 57,184 46,226

Notes: Income refers to monthly insured labor income in nominal terms. Vilnius, Kaunas, and Klaipeda are the three biggest municipalities (out of 60). Young
stands for firms with less than 5 years of activity. Micro, Small, and Medium refers to firms with less than 50 employees as of the last day of December 2012.

Preliminary evidence of the minimum wage effect. In Fig. 3, we examine the evolution of the frequency distribution of monthly income
after the increase in the minimum wage in January 2013. We compare the income distribution in the last month before the minimum
wage hike (December 2012) with the one in the 12 months after (December 2013). The figure reveals three key facts. First, there
is substantial bunching in the pre-policy income distribution at the prevailing minimum wage (317 euros), but also at half that
value, likely reflecting part-time employees working half the usual hours. Second, given the relatively low incidence of part-time
employment, the prevalence of jobs below the existing minimum wage suggests that not all firms are in full compliance with the
legislation.11 Third, the January 2013 minimum wage increase clearly altered the income distribution. A significant number of jobs
below the new minimum wage disappeared, a response that was accompanied by an increase in the number of jobs at or (slightly)
above the level of the new minimum wage.12 Importantly, this shift did not occur in the absence of a minimum wage increase, and
was milder in the presence of a much smaller minimum wage increase (see Figure B.1 in Appendix B). The observed changes in
the income distribution provide an indication that jobs below the new minimum wage did not disappear, but rather were retained,
gained a pay raise, and caused bunching at and slightly above the minimum wage. In other words, the increase in the minimum wage
appears to have contributed to boosting wages at the bottom of the distribution without a strong negative effect on the employment
prospects of low-wage workers. The remainder of the paper is devoted to formally evaluating this claim.

4. Econometric approach

To investigate the worker-level effects of the minimum wage, we compare the labor market outcomes after the minimum wage
increase of individuals located at different points in the income distribution prior to the hike, in the spirit of Dustmann et al. (2022).
We break the pre-treatment monthly income distribution by increments equal to one-half of the scheduled increase in the minimum
wage (e.g., 28 euros), with the exception of the tails of the distribution, for a total of 27 income groups. Therefore, the set of income
bins is 𝐾 = {[159, 317), [317, 345), [345, 373), [373, 401),… , [989, 1017), [1017,∞)}. We then estimate regression models of the following
orm

𝛥ℎ𝑦𝑖 =
𝐾−1
∑

𝑘=1
𝛼𝑘1{𝑤𝑖 ∈ 𝑘} +𝑋𝑖𝛺 + 𝛾𝑟 + 𝛾𝑠 + 𝜖𝑖 (1)

11 Goraus-Tanska and Lewandowski (2019) document that, between 2003 and 2012, approximately 7% of Lithuanian minimum wage workers were paid below
he legal minimum.
12 There is also an increase in the number of jobs well above the new minimum wage. However, these increases should be interpreted in the context of
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Fig. 3. Income distribution in 2012 and 2013. Notes: Frequency distribution of monthly income in December 2012 (pre-policy period) and December 2013
(post-policy). Income refers to monthly insured labor income in nominal terms. The vertical line represents the minimum wage level enacted in January 2013,
i.e., 373 euros.

𝛥ℎ represents changes in individual outcomes 𝑦𝑖, i.e., monthly income or employment status, from 𝑡 to 𝑡 + ℎ.13 1{𝑤𝑖 ∈ 𝑘} are
indicator variables that identify individuals whose monthly income in December 2012 belongs to income group 𝑘. 𝑋𝑖 represent

orker characteristics such as age and gender, while 𝛾𝑠 and 𝛾𝑟 stand for sector and location fixed effects, respectively. In the
stimation, we use the highest income bin, 𝑘 = [1017,∞), as the reference category, since this income category is unlikely to be
ffected by the minimum wage increase, as suggested by Fig. 3. Provided that the increase in the minimum wage does not bite
o high in the income distribution, this reference category allows us to capture changes in the macroeconomic environment that
ollowed the Great Recession and that we discussed in Section 2. This implies that 𝛼𝑘 measures the average change in 𝑦 for worker
𝑖 who belong to income category 𝑘 over and above economy-wide changes, assuming that these effects affect the entire income
distribution equally.

However, in this framework the parameters of interest 𝛼𝑘 are potentially biased due to mean reversion: low-wage workers tend to
be less likely to retain employment and to experience higher wage growth compared to high-wage workers, regardless of minimum
wage policy (Ashenfelter and Card, 1982). Under the assumption that, in the absence of the minimum wage hike, employment and
income changes would evolve in the same way for individuals located in the same income category after controlling for changes
in the macroeconomic environment, we can exploit the pre-policy period to estimate income-bin specific effects to account for
non-minimum wage related changes (Dustmann et al., 2022). More precisely, we re-parametrize Eq. (1) as follows

𝛥ℎ𝑦̃𝑖 =
𝐾−1
∑

𝑘=1
𝛽𝑘1{𝑤𝑖 ∈ 𝑘} +𝑋𝑖𝛺 + 𝛾𝑟 + 𝛾𝑠 + 𝜖𝑖 (2)

here 𝛥ℎ𝑦̃𝑖 = 𝛥ℎ𝑦𝑖(𝑘)−𝛼̂𝐷𝑒𝑐2010
𝑘 , and 𝛼̂𝐷𝑒𝑐2010

𝑘 are estimates of income-bin specific components recovered from the estimation of Eq. (1)
etween December 2010 and December 2011, when there was no change in the minimum wage.14 Therefore, 𝛽𝑘 = 𝛼𝐷𝑒𝑐2012

𝑘 − 𝛼̂𝐷𝑒𝑐2010
𝑘

easures, for each income-bin 𝑘, the impact of the minimum wage hike on outcome 𝑦 for worker 𝑖 over and above economy-wide
hanges and income-bin specific components. In other words, the parameters 𝛽𝑘 identify the causal effect of the minimum wage
n worker-level outcomes under the assumption that our empirical strategy adequately accounts for macroeconomic changes and
ean reversion effects.

13 We focus on a 12 month horizon change, i.e., from December 2012 to December 2013, to mitigate the influence of seasonal effects. However, we provide
dditional results by looking at 1, 6, and 18 month horizon changes.
14 Note that any differences in the macroeconomic environment between years are accounted for in our regression framework under the assumption that the
599
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Fig. 4. Minimum wage hike and income growth. Notes: Panel A plots income growth for individuals employed in December in 𝑡 − 1 and 𝑡 against the initial
income group separately for the periods 2010–2011, 2011–2012, and 2012–2013. Estimates correspond to 𝛼𝑘 parameters from Eq. (1). Panel B reports excess
income growth by starting income category for periods 2011–2012 and 2012–2013 relative to income growth between 2010 and 2011. Estimates refer to 𝛽𝑘
parameters from Eq. (2). All specifications include as controls age, sex, and indicators for municipality and sector of activity. 95% confidence intervals based
on standard errors clustered at the municipality level. The vertical line represents the minimum wage level enacted in January 2013, i.e., 373 euros.

5. The impact of the minimum wage hike

5.1. Worker-level effects

Income growth. In Fig. 4 Panel A, we report our first set of estimates of the impact of the minimum wage increase on income
growth, obtained from Eq. (1). The figure plots one-year income growth for individuals employed in December 𝑡 − 1 against their
initial income bin, separately for the 2010–2011, 2011–2012 and 2012–2013 periods. The evidence indicates that for individuals in
the bottom tail of the income the distribution experienced higher income growth relative to individuals further up in the distribution,
600
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even before the increase in the minimum wage was enacted. Importantly, Panel A of Fig. 4 indicates that the 17.7% increase in the
minimum wage in January 2013 had a significant impact on affected workers: for workers whose baseline income was below the
new minimum wage (373 euros), income growth between 2012 and 2013 was substantially higher relative to 2010–2011, when the
minimum wage was not introduced, but also considerably higher relative to 2011–2012, when there was a milder increase in the
minimum wage (6%). This impact is not observed in the upper tail of the distribution.

We quantify these effects using regression Eq. (2), where income-bin specific components are accounted for using estimates from
he pre-policy period (2010–2011). In Panel B of Fig. 4, we report excess income growth separately for 2011–2012 and 2012–2013
eriods relative to 2010–2011. Consistent with Panel A, our findings indicate that income growth between 2012–2013 substantially
xceeded that of 2010–2011 for workers located below the minimum wage of 373 euros introduced in January 2013. The excess
rowth amounts to about 10 percent for workers with a minimum wage or slightly above, i.e., 317 euros, and about 20 percent for
orkers with the lowest incomes, who are likely to be mostly part-time workers. Of primary interest for our causal interpretation, we

ind that between 2011–2012, when the minimum wage was raised from 299 to 317 euros, income growth exceeded that of 2010–
011 for workers in the lowest income group, i.e., those directly affected by this milder increase. These results therefore validate
ur empirical approach and the data, as they support that the minimum wage in question was binding with a real economic impact
n the affected workers.

We also document substantial spillover effects for workers close to the new minimum wage, but they steadily decline until
hey disappear above 569 euros, which corresponds to the median income distribution before the increase. Thus, the minimum
age increase not only causally boosted the earnings of workers directly affected by the policy, but also had an extended positive

mpact on workers above the new minimum wage. The magnitude of spillover effects is in line with the findings in Ferraro et al.
2018b) for Estonia, Cengiz et al. (2019) for Hungary, Gopalan et al. (2021) for the US, or Giupponi et al. (2022) for the UK.15 The
sual explanations for the emergence of spillover effects are based on the existence of search frictions (Flinn, 2006), as well as pay
oncerns about relative wages within firms to maintain pre-policy wage hierarchies (Dube et al., 2019).16 A combination of both
echanisms is likely to be behind our findings. However, comparing our baseline results and the wage spillover effects that arise
hen considering only those workers who remained with the same employer (the bulk of our sample) seems to favor the latter to

ome extent in our context (see Figure B.2 in the Appendix).17

mployment retention. The results presented above reveal that the January 2013 increase in the minimum wage did raise the earnings
f low-wage workers. We now analyze how this increase affected the probability that the affected workers would remain employed.18

n Fig. 5 Panel A, we report estimates from Eq. (1) in which we compare employment retention probabilities along the income
istribution of individuals employed in December 𝑡−1 in three different periods: 2010–2011, 2011–2012, and 2012–2013. Consistent
ith the fact that job matches are more fragile among low-wage workers, the figure highlights that individuals at the bottom of

he distribution are between 10 and 15 percentage points less likely to be employed one year later compared to workers in the
pper tail of the income distribution, i.e., those whose income is above 1017 euros. Importantly, this result holds regardless of any
hanges in the minimum wage, as suggested by the comparison between periods.

To investigate these findings in more detail, in Panel B of Fig. 5, we net out non-related minimum wage effects from the likelihood
hat a worker keeps her job one year later. The figure plots employment retention probabilities between 2011–2012 and 2012–2013
elative to pre-policy changes (2010–2011 period), using estimates from Eq. (2). In line with the positive evolution of employment
ocumented in Section 2, our results indicate that the January 2013 minimum wage increase did not affect employment prospects
f Lithuanian workers, regardless of their exposure to the minimum wage hike. The only exception seemed to be individuals
n the lowest income category, who show a probability of employment retention that is almost 3 percentage points lower.19

mportantly, although our results are predominantly driven by workers staying with the same firm, we find suggestive evidence
hat the reallocation of low-wage workers to other employers helped mitigate more negative disemployment effects (see Figure B.3
n the Appendix), consistent with the absorption mechanism recently emphasized by Dustmann et al. (2022) and Engbom and Moser
2021).

Altogether, our analysis indicates that the sharp increase in the minimum wage enacted in January 2013 significantly boosted
he incomes of low-wage workers without critically harming their employment prospects. Our results are thus in line with recent
vidence from several countries suggesting that minimum wage legislation may be a useful policy to tackle rising inequality (see
mong others Cengiz et al., 2019; Engbom and Moser, 2021; Gopalan et al., 2021; Dustmann et al., 2022; Giupponi et al., 2022).

15 The size of the spillovers contrasts with those of Choi et al. (2021), who use a similar worker-level approach and find effects up to the 77th percentile.
owever, their strategy abstracts from using income-bin specific counterfactuals, so they may overestimate the magnitude of spillovers. Larger spillover effects,
owever, could also be related to the bindingness of the minimum wage (Engbom and Moser, 2021).
16 An additional explanation in some countries is related to collective bargaining agreements that set higher wage floors, indexed to the national minimum
age, for certain workers. However, this mechanism is likely to play a minor role in our setting, given the low relevance of unions and of the coverage of

ollective bargaining agreements, as discussed in Section 2.
17 In our sample, 91% of workers who remain employed after the minimum wage hike do so with the same company.
18 It should be noted that, in our context, the alternative scenario to staying in employment is not necessarily being out of work, but rather not being

egally employed in Lithuania, since workers could be leaving the country or companies could be transforming formal employment relationships into the shadow
conomy.
19 Since workers in this income category earn less than the old minimum wage, they are most likely part-time workers. This suggests that the minimum
age bites harder among part-time workers, translating into higher income growth but also larger employment losses. This would be consistent with evidence
ointing to minimum wage effects being concentrated on most vulnerable workers, e.g., part-timers or temporary workers (see Dickens et al., 2015; McGuinness
nd Redmond, 2019, among others).
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Fig. 5. Minimum wage hike and employment retention. Notes: Panel A plots employment retention probabilities for individuals employed in December in 𝑡− 1
against the initial income group separately for the periods 2010–2011, 2011–2012, and 2012–2013. Estimates correspond to 𝛼𝑘 parameters from Eq. (1). Panel
B reports excess employment retention probability by starting income category for periods 2011–2012 and 2012–2013 relative to the employment retention
probability between 2010 and 2011. Estimates refer to 𝛽𝑘 parameters from Eq. (2). All specifications include as controls age, sex, and indicators for municipality
nd sector of activity. 95% confidence intervals based on standard errors clustered at the municipality level. The vertical line represents the minimum wage
evel enacted in January 2013, i.e., 373 euros.

ensitivity analysis. In Appendix B, we conduct a series of robustness checks to validate our results. First and foremost, we investigate
he validity of our identification strategy by analyzing whether our point estimates, 𝛽𝑘, are close to zero for individuals located

sufficiently high in the income distribution in December 2012, i.e., our reference income group 𝑘 = [1017,∞), the group of workers
for whom the minimum wage should not have any effect. The results in Figure B.4 show that, once income-bin specific components
are accounted for using the estimates from the pre-policy period (2010–2011), both the income and employment effects are zero.
This falsification test supports the causal interpretation of our findings (Cengiz et al., 2019; Dustmann et al., 2022). Second, we
evaluate the responses of income and employment to the minimum wage increase at different horizons. As expected, we find that
602
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Table 3
Grouped estimates and implied elasticities.

(1) (2) (3) (4)
Income Employment MWE OWE

Income ∈ [159,373) 0.1115*** −0.0037 −0.0207 −0.0329
(0.0046) (0.0060) (0.0336) (0.0525)

Income ∈ [373,569) 0.0378*** −0.0022 – –
(0.0055) (0.0033)

Income ∈ [569,1017) 0.0103** 0.0013 – –
(0.0035) (0.0012)

Notes: Column (1) and (2) report the excess income growth and employment retention, respectively, between December 2012 and
December 2013 relative to December 2010 and December 2011 for three groups of workers relative to the reference category:
workers who earned less than the new minimum wage at baseline ([159,373)), workers who earn more but close to the minimum
wage at baseline ([373,569)), and workers who earn between [569,1017) at baseline, and the reference category are workers
who earn more than 1017 euros at baseline. Estimates correspond to coefficients 𝛽𝑘 in Eq. (2), where workers are grouped into
three bins only. All specifications include as controls age, sex, and indicators for municipality and sector of activity. Column (3)
and (4) stand for minimum wage (MWE) and own-wage employment (OWE) elasticities, respectively. MWE is the ratio between
the estimated employment response of affected workers (income at baseline below 373 euros) and the minimum wage increase
in January 2013. OWE is the ratio between the estimated employment response of affected workers and the estimated wage
response for that group of workers. Standard errors are clustered at the municipality level. MWE and OWE standard errors are
computed using the delta method. *** p < 0.01, ** p < 0.05, * p < 0.1.

ncome effects are more prominent the closer the reference period is to the introduction of the policy and, if anything, employment
ffects emerge as time passes (Meer and West, 2016), but both effects appear to stabilize after one year. We also test the sensitivity
f our results to the sample selection. Figures B.6 and B.7 show that our results are not due to the main job being the one reporting
igher income, as our results hold when multiple jobs are included or the one reporting the lowest income is selected as the main
ob. In Figures B.8 and B.9, we show that ranking individuals by their income in December does not critically affect our results, as
hey remain qualitatively the same when classifying individuals by their average income between October and December or using
he income reported in September. Finally, including transportation industry plays no role in our identified effects (see Figure B.10).

.2. Implied employment elasticities

To compare our findings with those in the literature, we calculate the implied elasticities of employment with respect to the
inimum wage (MWE), as well as the own wage of the affected group (OWE). To do so, we first group workers into 3 broader

ncome categories: workers who earned less than the new minimum wage at baseline ([159,373)), workers who earn more but
lose to the minimum wage at baseline ([373,569)), and workers who earn between [569,1017) at baseline, and exploit as reference

category workers who earn more than 1017 euros at baseline. Using these income groups, we re-estimate our empirical model to
obtain point estimates of excess income growth and employment retention. The results of this exercise are reported in Column 1
and 2 of Table 3 and are in line with our baseline modeling strategy: minimum wage workers experienced an 11% increase in their
income with no impact on employment retention probabilities.

The point estimates for affected workers, i.e., those earning less than 373 euros in December 2012, then allow the elasticities of
interest to be calculated. Note that these implied elasticities represent a lower bound (in absolute value), as our estimates do not
take into account the potential negative effect of minimum wage hikes on hires (Portugal and Cardoso, 2006; Dube et al., 2016),
which could further dampen employment (Gopalan et al., 2021).20 With this limitation in mind, we compute the MWE as the ratio
etween the estimated employment response of affected workers (−0.37%) and the minimum wage increase (17%). The resulting
stimate (Column 3 in Table 3) is statistically insignificant and equals −0.021 (s.e. 0.034). Our MWE estimate falls within the range
f estimates found in previous studies, as documented by Belman and Wolfson (2014) in the meta-analysis of the literature, and is
n the lower side, implying smaller employment losses than the median MWE reported in the literature that is equal to −0.05.21

Our empirical strategy also allows us to calculate the employment elasticity with respect to the own-wage (the labor demand
lasticity in a competitive market). This measure provides a better comparison with the literature, as it normalizes the response of
mployment with respect to the average wage change of the affected workers, thus taking into account how binding the minimum
age increase is. The own-wage elasticity (OWE) in Column 4 of Table 3 is computed as the ratio of the estimated employment

esponse of the affected workers to the estimated wage response for that group of workers. Our calculation yields an estimate equal
o −0.033, and the standard error (0.053) discards own wage elasticities beyond −0.137 at the 95 percent confidence level. The
esults imply that wage gains dominated employment losses of affected workers (e.g., Harasztosi and Lindner, 2019; Cengiz et al.,
019). This estimate is in line with the OWE estimates collected by Dube (2019) who reports a median OWE estimate equal to
0.04 across studies that consider all low-wage workers.

20 The strong labor demand and associated employment gains documented in Section 2.2, together with the preliminary evidence in Section 3.2 of the effect
f the minimum wage on the distribution of jobs before and after the increase, suggests that the job creation margin may be less salient in our context.
21 It should be noted that approximately half of the studies reviewed in the meta-analysis focused on teens, a subgroup with a higher proportion of workers
603
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Our findings must be interpreted within our specific context. On the one hand, non-compliance with legislation (Goraus-Tanska
nd Lewandowski, 2019) and the shadow economy (Putnin, š and Sauka, 2015) were widespread in Lithuania during the period under
nalysis. Therefore, if low-wage workers were employed mainly by firms that pay envelope wages, our results could be explained by
hese firms reducing the size of the envelope without affecting employment levels, as documented by Gavoille and Zasova (2021)
or Latvia. On the other hand, firms have different mechanisms for adjusting to an increase in the minimum wage that do not
ecessarily imply the dismissal of workers (Clemens, 2021). In this regard, a survey of a representative sample of Lithuanian firms
sking how they had adjusted to the minimum wage increase in January 2013 pointed to cutting non-labor costs and investing
n productivity-enhancing technologies as the most common channels of adjustment made by companies.22 Likewise, if firms are
rimarily concerned with demand rather than costs (Lester, 1946), the labor cost shock could have been absorbed directly, or at least
artially, by price growth in the booming economy.23 Finally, recent studies based on general equilibrium models to analyze the
elfare effects of the minimum wage show that its negative impact on employment is increasing in the ratio between the minimum
age and the average or median market wage (Ahlfeldt et al., 2022; Berger et al., 2022). In this respect, the fact that the ratio of the
inimum wage to the average wage in the economy was relatively low before the minimum wage increase may partially explain

he limited disemployment effects (Manning, 2013).

.3. Heterogeneous responses

In this sub-section we look at potential heterogeneous effects of the minimum wage increase on worker-level outcomes. Our
eterogeneity analysis is based on demographic groups and types of companies, as well as specific labor markets defined by the
ocation or industry in which firms operate. For each specific group, we re-do our estimation strategy and extend our regression
odel to include an interaction term between the group of interest and the income categories at baseline using three income bins

nly, as in Table 3. The results are presented in Fig. 6, where the first row refers to our baseline results and the following rows
orrespond to the group-specific effects calculated from the extended models as the sum of the baseline effect and the interaction
erm for treated workers (e.g., workers in income category [159, 373) at baseline).

orker’s demographics. The estimates in Fig. 6 show that, although low-wage women experience similar (near-zero) employment
ffects following the minimum wage (Row 2, Panel B), their wage gains are larger than those of low-wage men (Row 2, Panel A),
robably because more men are closer to the new minimum wage than women.24 We turn to examine young workers (individuals
ged 18–24) and find that young people seem to especially benefit from income effects (Row 3, Panel A), as they are over-represented
mong low-wage individuals and are more likely to have a part-time job. However, we find suggestive evidence that young people
eem to be more affected in terms of employment: the probability of not being employed one year after the minimum wage increase
s almost 2 percentage points higher compared to prime-age individuals (Row 3, Panel B). Our results suggest that young people are
he most vulnerable group of workers if firms decide to reduce employment (e.g., Currie and Fallick, 1996; Pereira, 2003; Neumark
nd Wascher, 2004; Kreiner et al., 2020).25

irm’s characteristics. We now turn to examine the impact of the minimum wage along firm observed characteristics, i.e., ownership
nd size. In terms of income effects, we find no differential effect of the minimum wage income growth for either public
dministration/state-owned firms (Row 4, Panel A), or firms with fewer than 50 employees (Row 5, Panel A) compared to other
irms in the economy. However, in terms of employment, the results seem to point to a less negative effect for this group of firms.
mong government controlled-firms, the average effect is zero. This result is expected, as firing workers as a response to their
wn decision to increase the minimum wage would involve a high political cost for the government. In contrast, more surprising
ight be the results for micro, small and medium-sized firms: we observe slightly positive employment effects despite having a
igher exposure to the minimum wage. This result can be rationalized, however, if the use of envelope wages is particularly strong
mong some firms in this size category, as they can absorb the labor cost shock by legalizing evaded wages leaving employment
evels barely unchanged (Gavoille and Zasova, 2021). An alternative, albeit complementary, explanation is related to differences
n input composition across the firm size distribution, to the extent that larger firms are more likely to substitute labor for capital,
isplacement effects may be stronger in those firms (Harasztosi and Lindner, 2019).

22 The survey was conducted in 2014, within the framework of the Wage Dynamics Network (WDN3) coordinated by the European Central Bank, using a
armonized questionnaire covering the period 2010–2013. The questions pertaining to Lithuania concerned the increase in the minimum wage in January 2013.
ee Bodnár et al. (2018) for further details.
23 This would be consistent with existing evidence suggesting a significant pass-through of minimum wage increases to consumer prices (e.g., Harasztosi and
indner, 2019; Renkin et al., 2020).
24 This fact is consistent with recent evidence from Germany suggesting that the minimum wage could reduce the gender wage gap, provided that in low-wage

egments women are still underpaid compared to men (Caliendo and Wittbrodt, 2022).
25 van Bezooijen et al. (2021) exploit discontinuities in age-specific minimum wages and policy changes along the step-function in the Netherlands and show

hat young workers are not more likely to lose their jobs compared to slightly older individuals. This highlights that the comparison group is an important
imension when evaluating the impact of minimum wage on young workers (Zavodny, 2000).
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Fig. 6. Heterogeneous responses to minimum wage hike. Notes: Panel A (Panel B) reports excess income growth (employment retention) for the period 2012–2013
relative to 2010 and 2011. Estimates correspond to coefficients 𝛽𝑘 in Eq. (2), where workers are grouped into three bins only, as in Table 3. Row (1) shows the
benchmark estimate for workers whose income fall into the [159,373) bin. Rows (2) to (8) show group specific effects (e.g., women) from separate models that
extend our benchmark specification to include interaction terms between each income category and the variable of interest. The reported effect refers to the
sum of the baseline effect (from the extended model) plus the interaction term for treated workers. All specifications include as controls age, sex, and indicators
for municipality and sector of activity. 95% confidence intervals based on standard errors clustered at the municipality level. The vertical line represents the
point estimates from our benchmark model, i.e., without interaction terms.
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Local labor markets. As pointed out by Card (1992), the impact of the minimum wage may vary across regions due to disparities
n wage levels. In other words, minimum wage increases may have a greater impact in low-wage areas compared to high-wage
reas and, therefore, the labor market responses may be heterogeneous. We investigate this possibility by looking both at the three
argest cities in Lithuania, i.e, Vilnius, Kaunas, and Klaipėda, which account for 40% of low-wage workers in the country, as well
s high-exposure municipalities classified based on the minimum wage gap measure typically used in the literature (e.g., Card and
rueger, 1994; Dustmann et al., 2022).26

Our results for the biggest (highest income) cities are presented in Fig. 6 Row 6. We find that both income gains (Panel A)
nd employment effects (Panel B) are of similar magnitude as the rest of the country. The income effects are also very similar
hen comparing low- and high-exposure municipalities (Row 7, Panel A), suggesting that the minimum wage increase pushed up

ncome of low-wage workers similarly in both group of regions. However, our identified employment effects among high-exposure
unicipalities seem to indicate that, if anything, employment retention probabilities of low-wage workers were slightly lower in

hese areas, consistent with the magnitude of disemployment effects being increasing on the bite of the minimum wage (Cengiz
t al., 2019; Ahlfeldt et al., 2022; Berger et al., 2022). This suggests that although minimum wage policy can potentially address
egional income inequalities, one has to consider the effect on employment in those regions that are the most affected by the policy.

arket structure. One of the main determinants behind the differences found in the literature regarding the effects of the minimum
age is market structure (Manning, 2021). To shed light on this margin, we look at the sectors where firms operate. For instance,
substantial literature suggests that in industries where firms are able to pass through minimum wage costs on to consumers,

mployment losses are likely to be smaller (Aaronson et al., 2008; Lemos, 2008; Harasztosi and Lindner, 2019; Ashenfelter and
urajda, 2022). By the same token, in non-competitive labor markets where firms face an upward-sloping labor supply, changes in
he minimum wage may have very different implications relative to a traditional neoclassical framework (Stigler, 1946; Manning,
013).

To investigate the first of these dimensions, we rely on a complementary database including firms’ balance-sheet information
e.g., sales, imports, exports) between 2000 and 2015 and the 2-digit industry where the companies operate. We use this dataset
o classify industries according to their exposure to international trade, where non-tradable industries refer mostly to retail and
ospitality services, construction, and public administration, and examine the worker-level effects of the minimum wage increase
n these industries relative to tradable sectors.27 The idea is that firms participating in international trade are subject to greater
ompetitive forces and are therefore less able to pass on increases in labor costs to prices. Similarly to Harasztosi and Lindner
2019), our findings in Row 8 of Fig. 6 are in line with that hypothesis: in non-tradable sectors, income effects are greater (Panel
) and the employment effects, if any, are less pronounced (Panel B).28

To examine the role of labor market concentration, we perform the following exercise. First, we consider as the relevant labor
arket the pair municipality-industry where concentration would proxy for firm’s labor market power.29 Second, within each of

hese cells, we calculate the Herfindahl–Hirschman Index (HHI) using the year-end firm size information included in our main
ata source in markets where we observe at least 4 firms.30 Third, we define highly concentrated markets as those with an HHI
bove 0.25, and compare the worker-level effects of the minimum wage increase in these highly concentrated markets compared
o less-concentrated ones.31 Provided that our concentration measure is a good proxy for monopsony power, our results in Fig. 6
ndicate that low wage employment in a highly concentrated market appear to have higher employment retention probabilities (Row
, Panel B).32 However, there are no substantial differences with respect to income growth (Row 9, Panel A). Therefore, in markets
here firms have monopsony power, minimum wage hikes may result in fewer employment losses, or even produce employment
ains, as recent empirical literature has documented (e.g., Azar et al., 2019; Okudaira et al., 2019).

26 The gap measure for each municipality 𝑚 at time 𝑡 is defined as

𝐺𝐴𝑃𝑚𝑡 =
∑

𝑖∈𝑚 𝑚𝑎𝑥{0,𝑀𝑊 −𝑤𝑖𝑡}
∑

𝑖∈𝑚 𝑤𝑖𝑡

where 𝑤𝑖𝑡 refers to the monthly income of worker 𝑖 at time 𝑡, and MW stands for the minimum wage enacted in January 2013. This measure captures both the
number of workers below the new minimum wage in a given municipality and their distance from that level. Using this measure, high-exposure municipalities
are those with a GAP above the median at baseline period 𝑡.

27 We define industries as tradable using the ratio of import plus exports to sales. Hence, we define tradable (non-tradable) industries those with a ratio
igher (lower) than 10%, similar to Mian and Sufi (2014). In the case of public administration, these firms are directly assigned to the non-tradable group.
28 Gopalan et al. (2021) document that employment in tradable sectors appears to be more affected, as job creation declined more in tradable sectors compared

o non-tradable sectors following an increase in the minimum wage.
29 We use municipality-industry cells to define the relevant labor market for workers given the frictions associated with geographic mobility or industry

witching. This choice is inspired by the study by Azar et al. (2020), which provides a detailed analysis of labor market concentration definitions for the US.
mportantly, the public sector is not considered in the analysis of market concentration.
30 We use Social Security records to compute the HHI and not the auxiliary data coming from firms’ balance-sheets because the latter does not include

nformation on firm’s location. Moreover, we select markets with at least 4 firms to get a meaningful measure of concentration based on the HHI, given that
e do not observe all firms in a sector in our data.
31 This threshold follows the US Department of Justice/Federal Trade Commission 2010 horizontal merger guidelines and it is commonly used in the literature.
32 It is important to note that our measure of concentration is not perfect, as we do not observe all firms in a given market. This implies that we may be

lassifying non-concentrated industries as highly concentrated and, therefore, our estimates would be biased downward.
606
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Envelope wages. During the period of the minimum wage hike analyzed, envelope wages and, in general, the shadow economy were
revalent in Lithuania (Putnin, š and Sauka, 2015). In this regard, the existing literature highlights important interactions between
inimum wage legislation and payroll tax evasion (Tonin, 2011; Bíró et al., 2022). For instance, firms that evade payroll taxes can

bsorb the impact of minimum wage increase just by declaring unreported wages (Gavoille and Zasova, 2021). To shed light on
ow our results might be related to the use of envelope wages, we categorize workers according to the likelihood that their firms
se envelope wages, using information from inspection reports for the 2009–2014 period (Labour and Tax Inspectorates, 2015).
ore precisely, we consider as the plausible group of companies paying envelope wages those firms with less than 20 employees

perating in any of the following sectors: construction, retail trade, accommodation and food services, and personal services. The
esults of this exercise are reported in Fig. 6. The wage effects (row 10, panel A) experienced by low-wage workers in this group of
irms is roughly equal to the magnitude of the minimum wage increase (17.7%), consistent with evidence that low-wage workers are
verrepresented in the prevailing minimum wage level (Gavoille and Zasova, 2022).33 As for the probability of retaining employment
Row 10, Panel B), the results are suggestive of lower job losses in this group. Taking the wage and employment effects together, the
indings point to wage underreporting as a potential adjustment mechanism to the minimum wage hike: firms that are (plausibly)
aying envelope wages are able to absorb the labor cost shock by legalizing underreported wages without affecting employment
elative to employees of non-evading firms.

. Conclusions

This paper analyzes the labor market effects of a historically large increase in the minimum wage in Lithuania. Our results indicate
hat the minimum wage hike significantly increased the earnings of low-wage workers and had spillover effects that extended up to
he median of the pre-treatment earnings distribution. Importantly, employment responses point that the increase in the minimum
age did not undermine the employment prospects of workers. However, we find suggestive evidence that young workers, as well
s individuals in highly exposed municipalities, or in the tradable sector, might have been negatively affected. In addition, we
ocument that employment losses were smaller in concentrated industries as well as among tax-evading firms.

Our results provide an indication that minimum wage policy can be an effective tool to address income inequality by boosting the
ages of individuals in the lower tail of the income distribution without affecting their employment. However, our heterogeneity
nalysis suggests there is room for more nuanced policy. For instance, minimum wage levels that vary across workers, sectors,
r cities have the potential to maximize the benefits of the policy while minimizing its costs. In this respect, an interesting
olicy to consider is that of group-specific minimum wages set by collective bargaining agreements used in several European
ountries (Card and Cardoso, 2022), but that are not common in Central or Eastern European economies. Moreover, our results
or firms plausibly paying envelope wages suggest that the minimum wage can act as a fiscal backstop: increasing taxation and
aking some employment more formal (Bíró et al., 2022). However, policymakers should be aware that too high minimum wages
ay also have the opposite effect: firms may decide to shift part of the labor force to the shadow economy to mitigate the burden of
igher labor costs. In this regard, the trade-off between wages and employment is more likely to appear when the minimum wage
ites deep into the distribution (Ahlfeldt et al., 2022; Berger et al., 2022). Therefore, setting binding limits on where the minimum
age should fall relative to the average or median market wage, as Lithuania established in 2017, seems like a policy to consider

o mitigate the potential employment costs of minimum wage increases.
Importantly, although we find no overall adverse effects on the labor market outcomes of low-wage workers, our results do not

ecessarily imply that they are not negatively affected. Firms may respond to minimum wage increases through other margins that
ay adversely affect them Clemens (2021). For instance, firms may absorb the shock by increasing prices (Lemos, 2008). Therefore,

n important question for future research is not only to examine the potential pass-through, but also to understand whether low-
age workers are the consumers of the products that potentially become more expensive, which is not yet clear (Leonardi, 2015;
aCurdy, 2015).

ppendix A. Supplementary data

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.jce.2022.12.002.
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