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Abstract. The article addresses a topical issue which is extremely relevant in crisis periods — evalu-
ation of the level of the shadow economy in all Lithuanian regions. By applying the MIMIC model-
ling, three equations were developed for three different periods: economic upturn, economic down-
turn (crisis) and economic recovery. The number of immigrants, employment rate and population’s
density were identified as the major shadow economy determinants in Lithuanian regions. The de-
terminants identified are unique in the case of Lithuania because they reveal that the labour market
(employment rate, the number of immigrants) and population’s density are the key factors that show
how municipalities address the issues of the shadow economy. 10 municipalities with respectively
high or low levels of the shadow economy were ranked for each period under consideration. The
maps developed for different periods illustrate the general trends of the evolution of the shadow
economy. This is the first study that estimates the size of the shadow economy in 60 municipalities
(a small regional division) with different economic periods taken into account. Scientific novelty
manifests through consideration of the regional shadow economy and proving significance of the
labour market and immigration in reducing regional disparities.

Keywords: region shadow economy, the level of shadow economy in municipalities, MIMIC
model, Lithuanian regions, municipalities, determinants of shadow economy.
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Introduction

Although scientific literature is rich in the research on different issues of the shadow econ-
omy, this topic is still relevant not only because it is primarily linked to unearned budget
revenue, but also due to the fact that it distorts income distribution and determines misal-
location of public resources.
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While analysing the phenomenon of the shadow economy in the regional context, the ques-
tions can arise as to why and how regional shadow economy differs from the national shadow
economy. Although regions, especially rural areas, still share a stereotypical image (in particular,
in terms of cleaner environment), it should not be forgotten that many regions today are facing
major challenges. Previous studies propose that foreign direct investment flows to regions are
much less intensive than to cities, especially in the context of neoliberal globalization (Pick et
al., 2010; Ramasamy et al., 2017; Li et al., 2018, etc.). Also, regions are forced to deal with such
topical issues as the lack of attractive workplaces or workplaces in general (Williams, 2011), wage
inequalities (Liu et al., 2011), aging society (Gadsby & Samson, 2016) and unreasonable taxation
policies (Li et al., 2014). As it was noted by Gadsby and Samson (2016), despite the fact that the
above-mentioned problems have already been recognized for more than a decade, at present
regions are approaching the threshold at which a shrinking tax base, an aging infrastructure and
a rapidly declining population create the situation when regions can no longer maintain the basic
level of services and infrastructure which are necessary to attract and sustain the population as
well as businesses. There exists an interdependence between business (economic activities) and
population: business is impossible without involvement of the population, while maintenance of
the population is not possible without business conduct.

Gadsby and Samson (2016) state that sustainable development cannot be expected without
maintaining a balance between urban and regional areas. This view is supported by Reimer (2004)
who asserts that urban and regional economies are closely-related: regions supply urban areas
with wood, food, minerals and energy that, in their turn, serve urban, and the same time, national
economic growth. Thus, if regional economies renew and restore urban population, large shadow
economiies in regions impede national economic development (Weng, 2015). According to Me-
dina and Schneider’s (2017) approach, proposing that the shadow economy is caused by particular
financial, regulatory and/or institutional determinants, it can be presumed that the likelihood of
the shadow economy is much higher in regions than on a national scale.

Concerning the above-mentioned deep economic and social problems in regions, the main
purpose of this article is to estimate the size of the shadow economy in Lithuanian regions. For
fulfilment of the defined purpose, the following objectives were set: 1) to review previous scientific
findings on the determinants of the shadow economy in regions; 2) to select and substantiate the
methodology of the research; 3) to provide the results of the empirical research on the size and
determinants of the shadow economy in Lithuanian regions. The methods of the research include
comparative and systematic literature analysis, the MIMIC model.

In the first part of the article the theory of regional shadow economy and its determinants
have been analysed. In the second part the empirical research methodology have been presented.
In the third part of the paper the empirical results have been described. The article concludes
with conclusions.

1. Regional shadow economy and its determinants: theoretical background

According to Gadsby and Samson (2016), regional economies are quite difficult to define
because in many cases there are no formal boundaries between regions (e.g. in cases of
ethnic regions), and population’s affiliation to one or another region is largely determined
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intuitively. What inherent features could be employed to identify a particular region still
remains a matter of discussions at both academic and political levels. The term “region” is
not always related to the distance of the area from large cities, though this interpretation is
also popular. Du Plessis et al. (2002) indicate that a regional area may also mean a separate
social unit with its inherent population mentality, history and lifestyle. Summarising various
interpretations, it can be stated that a regional area can be defined as an area with a smaller
population and lower density than those in urban areas, which is remote from urban areas
and possesses a specific identity as well as specific socio-cultural relationship.

According to quantitative proof of the hypothesis raised in Polovyans (2015) study, the
size of the shadow economy in a country is the sum of the shadow economies of its regions.
Regional shadow economy can be affected by a variety of determinants. Previous findings
concerning the main determinants of the shadow economy in regions are reviewed in Table 1.

Table 1. The review of some previous findings on the determinants of the shadow economy in regions

(source: compiled by the authors)

Author(s), year

Research method(s)

Countries
and periods

Findings

Kireenko et al., Factor analysis and | Russian Shadow economy is determined by

2017 MIMIC modelling | Federation demographic and criminogenic factors;
2002-2013, | the impact of standard of living can vary
Ukraine from country to country
2004-2013

Remeikiene et al., | The MIMIC model | Lithuania, Shadow economy is affected by

2018 2012-2016 population’s income, taxation, crime-

related determinants and particular
demographic factors

Kireenko and

Analysis of the

Russia, 2002-

The size of the shadow economy directly

models, based on
the major factors of
Doing Business

Nevzorova, 2019 | approximation 2013 correlates to the share of the agricultural
curves sector as percentage of GDP
Gasitnas, 2018 The MIMIC model | Europe, Shadow economy is mainly determined
2010-2017 by economic (GDP per capita,
unemployment rate), taxation (tax
burden, social protection expenditure)
and social (poverty risk, gender wage
gap) factors
Gonzalez-Fernan- | Currency Demand | Spain, 1987- | Shadow economy is to the greatest
dez and Gonzalez- | Approach 2010 extent affected by the personal income
Velasco, 2015 tax
Prytula et al,, The MIMIC, expert | Ukraine, Main determinants of the shadow
2019 survey 2000-2018 economy include tax burden and social
protection, regulatory measures, the
quality of social services, the number of
self-employed
Polovyan, 2015 Complex economic | Ukraine, Shadow economy is defined by the
and mathematical 2001-2012 reliability of right protecting institutions

and the level of the tax burden
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End of Table 1

Author(s), year

Research method(s)

Countries
and periods

Findings

Bucek, 2017

The MIMIC model

The Czech
Republic,
2005-2014

Shadow economy is determined by
labour market and number of people
with at least one distraint

Buszko, 2017

The MIMIC model

Poland, 2006,
2011 and
2016

The differences in the size of the shadow
economy in regions are determined by
the differences in regional economic
efficiency

Bilonizhko, 2006

The MIMIC model

Russia, 2001-
2003

Most significant shadow economy
determinants include tax pressure,
specialization and unemployment rate

Vorobyev, 2015

Cross-section
regression model,
augmented
electricity dynamics
approach

Russia,
2004-2011

There exists high positive correlation
between the size of the shadow economy
and corruption, unemployment, and
especially dependency of regional
budget on Federal transfers

Weng, 2015

Synthesis of
academic and grey

Sub-Saharan
Africa,

Shadow economy in regions is promoted
by customary rights and norms,

logistic regression
analysis

literature, conceptual | research insufficient regulation and socio-
exploration, in-depth | period not economic determinants
case studies indicated
Williams and Face-to-face 28 EU Costs of engaging in shadow work
Horodnic, 2017 interviews, multilevel | member outweigh the benefits, low perceived

states, 2013

penalties, low risk of detection and low
tax morale raise the size of the shadow
economy

Schwettmann,
2020

Systematic literature
analysis, statistical
data analysis, in-
depth country case
studies

Sub-Saharan
Africa, 2020

The shadow economy is driven by
poverty, gender gaps, ethnicity, disability

Gillanders and
Parviainen, 2018

Enterprise Surveys

Sub-Saharan
Africa,

Corruption is strongly positively
correlated to the shadow economy at the

Europe and | sub-national level

Central

Asia, Latin

America and

Caribbean,

2006-2010
Davydova et al., | Systematic literature |Russia, The informal economy is driven by
2020 analysis, critical Irkutsk actor profits, insufficiency of regulation,

analysis region, lack of governmental intervention, tax
research burden
period not

indicated
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As it can be seen in Table 1, the determinants of the shadow economy may vary from
region to region, although some general tendencies can be envisaged: many authors highlight
the significance of taxation (Bilonizhko, 2006; Tafenau et al., 2010; Buehn, 2012; Polovyan,
2015; Gonzalez-Fernandez & Gonzalez-Velasco, 2015; Gasitinas, 2018; Remeikiene et al,,
2018; Davydova et al., 2020), standard of living (Kireenko et al., 2017; Remeikiene et al.,
2018), labour market (Bilonizhko, 2006; Tafenau et al., 2010; Buehn, 2012; Vorobyev, 2015;
Bucek, 2017; Prytula et al., 2019), institutional factors (Polovyan, 2015) and corruption (Vo-
robyev, 2015; Borlea et al., 2017; Gillanders & Parviainen, 2018). Nevertheless, the results of
some studies are contradictory, for instance, Bucek’s (2017) study found no evidence to prove
the importance of particular types of taxes (e.g. corporate taxes).

Among all other factors, Bucek (2017) observes that the labour market and the number
of people with at least one distraint are statistically significant determinants of the shadow
economy, while Vorobyev (2015) emphasizes the high positive correlation between the size
of the shadow economy and dependency of regional budget on Federal transfers. Davydova
et al. (2020) focus on insufficiency of regulation and a lack of governmental intervention
and state that shadow activities in Russian regions are often hidden by authorities to gain
financial benefits. Williams and Horodnic (2017) base their research on rational economic
actor and social actor approaches and reveal that the size of the shadow economy in rural
areas can be promoted by low perceived penalties, low risk of the shadow activity detection
and low tax morale.

Kireenko’s et al. (2017) research revealed that the main determinants of the shadow econ-
omy in Russia and Ukraine are the demographic factor and the criminogenic factor, although
the impact of standard of living was found to be weaker in Russia, but stronger in Ukraine
(the estimations exposed that formal employment in Russia weakly correlates to popula-
tion’s monetary income, while in Ukraine the correlation between these two factors is close).
Remeikiene’s et al. (2018) study confirmed that the size of the shadow economy is related
to population’s average income and the number of criminal offences. Apart from that, the
impact of the share of indirect taxes, the cases of cigarette smuggling, population of women
per 1000 men, the number of children in social risk families and the number of tourists was
also detected. The significance of demographic factors was also confirmed by Schwettmann
(2020) who argues that poverty, gender gaps, ethnicity and disability push most vulnerable
social groups into the informal economy.

Gasitinas (2018), who researched the level of the shadow economy in different European
regions by employing the MIMIC model, found that the shadow economy in the northern
European region is mainly affected by the proportion of the population at risk of poverty,
expenditure on social protection and GDP per capita; the shadow economy in the eastern
European region is significantly affected by expenditure on social protection and GDP per
capita; the shadow economy in southern European region is to the greatest extent determined
by unemployment rate, the proportion of the population at risk of poverty and tax burden;
finally, the shadow economy in the western European region is mainly caused by the propor-
tion of the population at risk of poverty and the gender wage gap. The differences observed
among the regions in the countries under consideration propose that interdependence be-
tween various socio-economic determinants and the level of the regional shadow economy is
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conditioned by the gap in the elements constituting a country’s economic and social system
and ensuring its functioning. These findings are in line with the results provided by Weng
(2015) who highlights significance of the role of socio-economic determinants. The author
finds that the shadow economy in rural areas is driven by customary rights and norms (infor-
mal agricultural activities have historically been seen as legitimate), insufficient regulations to
address the needs of rural actors, economic profit and demand from low-income consumers,
and such social factors as poverty and income diversification.

It should be noted that unlike in urban territories, the size of the shadow economy in re-
gions, in particular, in rural areas, can be significantly affected by the share of the agricultural
sector in the total economy (or GDP). For instance, Kireenko and Nevzorova’s (2019) study
disclosed that there exists a direct correlation between the level of the shadow economy and
the share of the agricultural sector as percentage of GDP in Russian regions. A noticeable
correlation was identified between the size of the shadow economy and the share of rural
population in the total population, while the correlation between the size of the shadow econ-
omy and the share of agriculture, hunting, and forestry in the GRP was found to be moderate.
These findings can be explained by the fact that a substantial part of regional population,
declining as a result of urbanization, are still dependent on agricultural activities (forestry,
crop and livestock production, hunting, etc.), not efficient in terms of employment, although
an increase in informal employment is as well observed in the non-agricultural sector.

There are manifold arguments to explain the differences observed in both the size of the
shadow economy in regions and the determinants of the regional shadow economy. Accord-
ing to Buszko (2017), these differences are primarily determined by varying regional eco-
nomic efliciency (Buszko, 2017). Bilonizhko (2006) puts the emphasis on specialization of a
region — whether industrial or agricultural, while Polovyan (2015) links the differences to the
factors of Doing Business, a region’s economic structure and system-wide elements, such as
property right, investor right protection or enforcement of contracts, that substantially affect
the behaviour of economic agents.

Having compared the key determinants of the shadow economy identified by Schneider
and Buehn (2016) with the determinants provided in Table 1, we can conclude that tax bur-
den and institutional factors are the same affecting the shadow economy either at the national
or regional level. Scientific studies that focus on regions as a smaller territorial unit provide
more determinants of the shadow economy at the sub-national level. The major groups of
these determinants include demographic (population of women per 1000 men; the number
of children in social risk families) and criminogenic (the cases of cigarette smuggling; the
number of criminal offences) factors. The number of tourists, share of the agricultural sector
in rural territories and structure of regional budgets were also proved to be the determinants
of the shadow economy.

On balance, much like the shadow economy at a national level, the shadow economy
at a regional level is mainly affected by the determinants of taxation, standard of living,
labour market, public institutions and corruption, although the impact of demographic and
criminogenic factors should not also be underestimated. Since a substantial share of regional
population are dependent on agricultural activities, the size of the shadow economy in re-
gions can be significantly affected by the share of the agricultural sector in the total economy,
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which in not inherent to urban territories. The differences previous studies reveal in both the
size and the determinants of the shadow economy in regions can be explained by varying
regional economic efficiency, regional specialization, economic structure and system-wide
factors, i.e. the gap in the elements constituting a region’s economic and social system and
ensuring its functioning.

2. Research methodology

MIMIC model, namely multiple indicators and multiple causes model is a special case of
Structural Equation Modeling (Zellner, 1970; Hauser & Goldberger, 1971). Structural Equa-
tion Modelling presents how sets of variables define latent variables and how these latent
variables are related to each other applying regression, path and confirmatory factor analysis.
Structural Equation Modelling estimates the parameters considering similarity between the
sample covariance matrix which is calculated from data and the implied covariance matrix.
The similarity between these matrices which is also a model fit criterion is evaluated using
chi-square statistic.

MIMIC model consists of structural and measurement equation system. Structural model
reflects the relationships between the latent variable (£) and observable causes (Xq). Mea-
surement model links the observable indicators (Yp) with latent variable. Frey and Weck-
Hanneman (1984) are the first researchers that consider the size of the shadow economy as
a “latent variable”.

The latent variable, Shadow Economy, is linearly determined by exogenous causes and
disturbance:

C=oyX; +0o,X; +..+a, X, +& (1

Observable endogenous indicators are determined by latent variable and disturbances:

Y =0C+ep;
Y, =A,C+¢g,;

(2)
Yp :XPC+SP,

where ( is a latent variable (Shadow Economy), € is the structural disturbance and g; corre-
sponds to measurement errors. Since the SEM model and thus the MIMIC model is obtained
based on the covariance matrix, it is important to investigate the existence of outliers, asym-
metry and skewness that affect the covariance matrix.

When the studies that estimate the shadow economy in the literature are examined, it is
seen that there is no method considered as the best. However, when the recent studies are
examined, it is seen that studies estimating the shadow economy with MIMIC model are fre-
quently used. It is an important advantage that the MIMIC model takes into account the mul-
tiple indicator and causal variables at the same time and allows prediction when estimation
based on the maximum likelihood method. On the other hand, the MIMIC model has several
disadvantages (Schneider & Buehn, 2016; Giles & Tedds, 2002; Helberger & Knepel, 1988):
The most common criticism is the fact that the MIMIC model is a confirmatory analysis, that
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is, it is not in an exploratory structure that examines which model is appropriate, and that
the theoretical assumptions behind the selection of variables are required and this situation
limits empirical studies. Another criticism is that the estimates lead to unstable coefficients
depending on the sample size. However, the economic literature using the MIMIC model is
aware of these limitations, but these limitations do not prevent the use of the MIMIC model
in studies on shadow economy, on the contrary, these problems should encourage further
research in this area (Schneider & Buehn, 2016).

The dataset used in this study consists of annual observations between the years of 2001
and 2019 for 60 municipalities of Lithuania. The evaluated variables are partitioned into two
groups, namely:

- Indicators: number of enterprises (NMR), number of beneficiaries (NB), municipal-
ity budget in total (TBUD), municipality budget for education (EBUD), municipal-
ity budget for social security (SBUD), municipality budget for health (HBUD). The
above-mentioned parameters are selected as indicators taking into account that the
level of the shadow economy should reduce the number of business enterprises, raise
the number of beneficiaries, reduce the municipality budget in total as well as its
separate components, i.e. budgets for education, social security and health.

- Causes: employment rate (EMP), unemployment rate (UNEMP), wages-salary
(WAGE), population (POP), population density (POPD), immigration (IMM), em-
igration (EMI), number of nonfinancial corporation (FIN), number of pensioners
beneficiaries (PEN), expenditures on benefits of families raising children (CHILD).

The theoretical reasons of the causes in the MIMIC model are as follows:

Employment rate. The higher is the shadow economy, the lower is employment rate,
ceteris paribus (Medina & Schneider, 2017).

Unemployment rate. The higher is unemployment rate, the higher is the probability to
work in the shadow economy, ceteris paribus (Medina & Schneider, 2017).

Wage. An increase in the minimum wage could create a competitiveness problem in the
context of a relatively high level of informal economic activities in the long run; the empirical
results, however, do not support any effect of an increase in the minimum wage in the short
run (Davidescu & Schneider, 2017).

Population / Population density. Densely populated areas tend to have lower levels of the
shadow economy (Bucek, 2017).

Immigration. Firstly, illegal immigrants are forced to work in the shadow economy. Sec-
ondly, many legal immigrants are employed in the low-skilled sector, where jobs are less
secure and more likely to be irregular. Finally, the wider availability of illegal workers may
concur to the establishment of a job-market equilibrium, which is more reliant on illegal
work (Bosh & Farre, 2013).

Although the impact of emigration, the number of non-financial corporations, the num-
ber of pensioners beneficiaries and expenditures on benefits of families raising children has
not thus far been comprehensively researched in scientific literature, the authors of this article
are of the opinion that the above-mentioned factors need to be considered. Emigration can be
expected to raise the level of the shadow economy. The number of pensioners beneficiaries,
in case they have addictive habits and their pensions are low, may engage in the consumption
of smuggled goods and/or contribute to the pension through informal employment. Benefits
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for families raising children promote consumption; the income from these benefits can be
spent in informal markets.

Data were obtained from Statistics Department of Lithuania and Employment Services
Under the Ministry of Social Security and Labor of the Republic of Lithuania.

Indicator variables related with municipality budget and number of enterprises (NMR)
are not available before the years 2004 and 2005, respectively. Due to these missing observa-
tions, potential effects of outliers and the aim of providing unbiased results the sample was
split into three subsamples over the periods 2001-2006, 2007-2010 and 2011-2019. While
determining these periods, the 2007 crisis was taken into consideration and divided into
“pre-crisis”, “crisis period”, and “post crisis”. Median values were obtained for each district
over the relevant years for each period examined. The reason for using the median instead
of the arithmetic mean is that the median values represents the data better in the presence
of outliers.

Before employing the MIMIC model for each period, the presence of outlying observa-
tions that are inevitably encountered in the cross-sectional data and the existence of the
multicollinearity problem, which is important in the selection of variables in the MIMIC
model, were investigated. The presence of outliers in each variable was checked using box-
plots. When all variables are considered, municipalities Vilnius city, Kaunas city, Klaipeda
city, Panevezys city and Siauliai city are obtained as outlying observations in the dataset.
Since the existence of outliers have effects on Pearson correlation matrix, the correlation
values between indicators and between causes investigated using the robust weighted-MCD
correlation matrix for the evaluation of multicollinearity. MCD is one of the high-breakdown
estimator of covariance matrix which is resistant to outliers (Hubert & Debruyne, 2010). Ac-
cording to robust MCD correlation matrix (Appendix), strong correlations which are above
0.8 can be summarized as follows: Between employment rate (EMP) with budget related vari-
ables (municipality budget in total (TBUD) - municipality budget for education (EBUD) —
municipality budget for social security (SBUD), POP, number of enterprises, CHILD and
FINANCE, between POP with EMG, CHILD and FINAN, between EMIG and CHILD.

In MIMIC model, the assumption of Multivariate normality is essential for preserving
the statistical properties of estimators. After the exclusion of the outlying municipalities
from the dataset, “multivariate normality is confirmed by Mardia’s test. Furthermore, in each
MIMIC model, Mahalanobis distance squared values of observations confirmed the existence
of multivariate normality as another indicator of normality assumption.! Considering the
high correlation values between causes, MIMIC model has been employed to each period.
Table 2 only reports the results for MIMIC models which have better diagnostic statistics. As
is known, small values of root mean square error of approximation (RMSEA, <0.05), large
values of goodness of fit (GFI, >0.90) and comparative fit index (CFI, >0.90) indicate good
model. During the evaluation process of models besides RMSEA, GFI and CFI diagnostics,
“chi-square/ degrees of freedom” criteria is also evaluated. Chi-square test measures the fit
of MIMIC model (null hypothesis is; covariance matrix of the predicted model and covari-
ance matrix of the observed data are equal) however since chi square test is effected from

I MIMIC model calculations were also employed using robust covariance matrix in AMOS. The findings were
similar to Table 2.
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the sample size, the ratio chi-square value divided to degrees of freedom (less than 2 or 3) is
accepted as an important indicator (Kline, 1998; Ullman, 2001).

3. Results of empirical research

The MIMIC models in Table 2 include the covariance between employment rate (EMP) and
immigration (IMM). According to the model fit measures in Table 2, specification 1 and
2 provide satisfactory results for period 1 and period 2. For period 2, only specification 2
provides satisfactory results.

Period 1 - Pre Crisis

Specification 1:  Shadow = 0.81*EMP + 0.34*IMM + 0.19*POPD

Specification 2:  Shadow = 0.84*EMP + 0.39 IMM

Period 2 - Crisis

Specification 2: Shadow = 0.43*EMP + 0.83*IMM

Period 3 - Post Crisis

Specification 1:  Shadow = 0.66 EMP + 0.37 IMM + 0.20 POPD

Specification 2:  Shadow = 0.62 EMP + 0.43 IMM

Considering the models, it can be seen that employment rate (EMP), immigration (IMM)
and population density (POPD) variables have a positive effect on the shadow economy. Since
the coefficients are standardized, it is possible to compare the significance of the variables.
According to this, it can be seen that the employment rate (EMP) has a more significant effect
than immigration (IMM) in pre- and post-crisis periods, but in the crisis period, on the con-
trary, immigration (IMM) affects more significantly than the employment rate (EMP).

Although both model specifications above have yielded good results for period 1 and
period 2 (since three periods are considered and compared in this study), instead of the
specification containing the population variable, specification 2 whose variables are common
in all three models was selected. The models based on specification 2 were used for three
periods while examining the shadow economy in each municipality.

As can be seen from Table 2, WAGE variable does not appear to have a significant ef-
fect on the shadow economy when all three periods are taken into account. Although the
population density (POPD) variable appears to have a statistically significant effect for the
pre-and post-crisis periods, this is not valid for the crisis period. Logarithms of budget-
related variables are included in this model. However, due to the strong correlation values of
municipality budget in total (TBUD) and municipality budget for education (EBUD) with
number of enterprises, Specification 1 was preferred instead of 2. As a matter of fact, the
values in Table 3 and Table 4 were also obtained based on Specification 2.

Considering three periods, it can be said that over time employment rate (EMP) shows an
U shaped development, whereas immigration (IMM) shows inverse U shaped development.

The impact of the Shadow economy on number of enterprises (NMR) post-crisis and dur-
ing the crisis is greater than before the crisis. However, the impact of the Shadow economy
on variable number of beneficiaries (NB) increased in the post-crisis period. In all three
periods, number of enterprises (NMR) and number of beneficiaries (NB) variables appear
to be positively influenced by Shadow economy.
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Table 3. Municipalities with the 10 smallest shadow economies

First Period (2001-2006) Second Period (2007-2010) Third Period (2011-2019)
Median| SD Median| SD Median | SD
Kazly Rados | 16,495 | 5,746 | Moléty 17,542 | 7,119 | Birstono sav. 10,485 | 3,525
Kupiskio 17,183 | 7,154 | Elektrény 18,800 | 4,505 |Varénos r. 11,532 |3,324
Kalvarijos 17,600 | 5,107 | Zarasy raj. 19,745 | 9,587 | Akmenés raj. 11,552 |3,474
Neringos 17,934 | 8,135 | Lazdyny raj. 19,987 | 7,243 | Rietavo 11,777 |3,791
Akmenés raj. | 18,500 |21,517 | Pakruojo raj. | 20,070 | 6,275 |Pagégiy 12,661 |3,007
Birétono sav. | 18,857 | 6,797 |Silalés 20,131 | 2,959 | Zarasy raj. 12,676 | 3,666
Panevézio 20,180 | 4,250 | Anyksciy 20,554 | 3,541 | Rokiskio 12,776 |3,531
Palangos 20,188 | 9,745 | Birzy raj. 20,744 | 3,687 Sakiq raj. 13,032 | 3,545
Skuodo 20,374 13,361 | Kauno r. 23,495 | 9,044 | Utenos raj 13,249 |3,321
Pageégiy 20,376 | 7,640 | Teldiy raj. 23,638 | 3,681 |Kazly Rados 13,593 | 3,105

Note: *SD: Standard Deviation. *Base years considered are 2004, 2009, 2014.

Table 4. Municipalities with the 10 largest shadow economies

First Period (2001-2006) Second Period (2007-2010) Third Period (2011-2019)

Median| SD Median| SD Median SD
Jonavos r. 25,950 | 3,451 |Jonavos r. 29,467 | 10,862 | Kretingos 17,630 3,677
Sakiq raj. 25,953 | 12,604 | Visagino 29,483 | 10,723 Kalvarijos 17,630 5,173
Kauno r. 26,861 | 5,523 |Kaisiadoriy 29,528 | 7,776 Siauliq m. 17,767 11,341
Kretingos 27,000 | 11,646 Plungés raj. 30,142 | 10,625 §iauliq raj. 17,944 12,608
Klaipédos m. | 27,089 | 1,708 |Klaipédos m. | 30,488 | 12,261 |]Jonavos r. 18,385 2,943
Druskininky | 27,140 | 6,525 | Neringos 30,822 | 5,261 Saléininkq 19,140 9,619
Lazdyny raj. | 27,582 | 7,095 | Kretingos 32,115 | 9,058 |Klaipédos 19,611 17,304
Vilniaus m. 31,140 | 2,852 | Ukmergés r. | 32,980 | 8,340 |Elektrény 19,692 25,749
Zarasy raj. 32,254 | 4,773 Saléininkq 33,598 | 13,147 | Neringos 20,665 13,291
Rietavo 33,051 | 6,748 | Sirvinty 35,329 | 18,283 | Kupiskio 21,308 5,420

Note: *SD: Standard Deviation. *Base years considered are 2004, 2009, 2014.

Considering the relevant MIMIC models (specification 2), for each period, the level of the
shadow economy in percentage of GDP values for 60 municipalities was obtained by using
Schneider’s et al. (2010) formula:

R
Ny = Mao04>
MN2004

where 7, denotes the value of the MIMIC index at T,y  is the value of this index in
the base year 2004. The other base years are 2009 and 2014. The same formula was used by
Nchor (2021). Due to the unique economic structure of each period, the calculations of the
level of the shadow economy in percentage of GDP are based on the three base years that
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were extracted from an exogenous estimate (Medina & Schneider, 2017). Based on these
calculations, Table 3 and Table 4 present the 10 smallest and 10 largest shadow economies re-
spectively. Tables 3-4 also include the median and standard deviation values calculated over
the respective years for each municipality. The reason for using the median instead of the
arithmetic mean is the excessive fluctuations observed in some years for some municipalities
(especially in 2017, 2018 and 2019). The immigration variable, which describes the Shadow
Economy latent variable, explains the fluctuation in these years. For example, immigration
in Elektrenai municipality in 2019 increased by 407% compared to 2015. Median is a type of
average that is resistant to such kinds of fluctuations.

The large standard deviation values indicate that the changes in the series, in other words,
the fluctuations, are high. Table 3 indicates that the standard deviation for Akmenes is 21.52,
although Akmenes is in the list of those municipalities with the lowest shadow economy val-
ues. This situation can be explained by the increase in the immigration to Akmenes by 176%
in 2005 compared to 2004. Silales is the least fluctuating municipality during the crisis peri-
od. As seen in Table 4, Elektrenai, one of the municipalities with the highest shadow economy
in the third period, also has the highest standard deviation value. Elektrenai, however, is the
second municipality with the lowest shadow economy during the crisis. Considering the fact
that the shadow economy values for Lithuania in the base years were 25.65 (in 2004), 24.29
(in 2009) and 17.62 (in 2014) respectively, and leaning on Medina and Schneider’s (2017)
calculations, it is seen that all municipalities in Table 4 are above the base year values. A
striking point in the above-mentioned tables is that the shadow economy values in the third
period are lower than those in the previous two periods.

Regional Shadow Economies, GDP% Regional Shadow Economies, GDP%
(2011-2019) (2007-2010)

Regional Shadow Economies, GDP%
(2001-2006)

Red: <=12
Orange: 12.01-15
Yellow: 15.01-18
Green: 18.01-21
Blue: 21.01-25
Purple: 25.01+

Figure 1. Maps of the regional shadow economies for three periods (own calculation)
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As can be seen from Figure 1, while the levels of the shadow economies in most of
the municipalities are between 21 and 25 in the period before the crisis, they are mostly
larger than 25 during the crisis period. Nevertheless, the municipalities with the levels of the
shadow economies between 15 and 18 are tended to have the highest rates after the crisis.

Conclusions

Summarising, it can be concluded that in the context of this study, the level of the shadow
economy for Lithuanian municipalities over three periods under consideration — economic
upturn (2001-2006), economic crisis (2007-2010) and economic recovery (2011-2019) - has
been estimated for the first time. The number of immigrants, employment rate and popu-
lation’s density were identified as the major shadow economy determinants in Lithuanian
municipalities. All the determinants affected the level of the shadow economy in all regions
in a single direction which was either positive or negative. Thus far, scientific research has
hardly considered the impact of official immigration; it has mainly focused on the negative
impact of unofficial immigration on “the shadow” in the labour market. The finding that
employment rate also raises the level of the shadow economy encourages the authors to delve
into the causes of employment, for instance, envelope wages, cheating on the taxes paid on
employees, etc. The empirical estimations have revealed that the worst situation could be
observed during the crisis period when the highest levels of the shadow economy were re-
corded in Sirvinty, Sal¢ininky, Ukmergés and Kretingos district municipalities (the level of
the shadow economy amounted to 32-35 percent of GDP).

The results of this research can be useful to the public institutions (municipalities, the
Employment Service, Immigration Department) that are responsible for promoting regional
socio-economic development by reducing the size of the shadow economy in particular mu-
nicipalities. Further research on this issue can address the causes pushing the unemployed
to get involved into the informal labour market as a structural part of the shadow economy
with consideration of the role smuggling cigarettes and other excisable goods.
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