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Introduction

Although following the Regulation No. 549/2013
of the European Parliament and of the Council
of 21 May 2013 on the European system of
national and regional accounts in the European
Union (EU Commission, 2013), EU Member
States are not obliged to measure the scopes
of non-observed economy in the European
system of national accounts, the economists
and statisticians stress the need to estimate
the scopes of this phenomenon to have
reliable and comparable data on the structure
and trends of both national and regional
economies. In accordance with provision (3) of
the Regulation No. 549/2013 of the European
Parliament and of the Council of 21 May 2013
(EU Commission, 2013), “citizens of the Union
need economic accounts as a basic tool for
analysing the economic situation of a Member
State or region. For the sake of comparability,
such accounts should be drawn up on the basis
of a single set of principles that are not open
to differing interpretations. The information
provided should be as precise, complete and
timely as possible in order to ensure maximum
transparency for all sectors” (p. 1).

According to the approximate estimations of
the report of the global management consulting
firm AT Kearney (Schneider & Kearney, 2013),
non-observed economy in Europe today is worth
more than 2.1 trillion euro. In the context of non-
observed economy, an important focus is being
placed on the soaring scopes of non-observed
activities online. Nevertheless, the reliable
methodologies that would allow to estimate the
actual scopes of this economic phenomenon
have not been developed. Bossler and Holt
(Bossler & Holt, 2012) note that absence of
the methodologies purposefully developed to
estimate the size of non-observed economies
online is the key hindrance that complicates
investigation and prevention of the cases of

illegal activities online. In addition, minding the
fact that digital shadow economy is a structural
part of the overall shadow economy, it can be
presumed that the publically announced figures
of the scopes traditional shadow economy
may lose their accuracy since the indicators of
digital shadow economy are not included in the
methodologies of traditional shadow economy
estimation. With reference to the report of the
OECD (OECD Statistics, 2002), “complete
coverage of economic production is a vital
aspect of the quality of the national accounts.
This exhaustiveness is hard to achieve because
of the difficulties in accounting for certain types
of productive activities” (p. 3). What is more,
differences in estimation methodologies as well
as absence of the methodologies to cover all
the areas of shadow economy (including digital
shadow economy) make it difficult to compare
the situation in developed market economies
with other economies, or between themselves.

Thus far, scientific studies on the
methodologies of shadow economy estimation
have covered the comparative analysis of
different estimation methods (Georgiou, 2007;
Schneider et al., 2015; Schneider & Williams,
2013 etc.), the comparative analysis of causal
variables incorporated in the most popular
estimation methods (Buehn & Schneider, 2012;
Teobaldelli, 2011; Teobaldelli & Schneider,
2012 etc.), and differences in the results that
are obtained by employing one or another
estimation method (Schneider & Buehn, 2013;
Schneider et al., 2015). Yet the methodologies
that would allow to consider the indicators
of digital shadow economy have not been
developed. Hence, the real size of digital
shadow economy remains unestimated, and
the perception of how the problems of digital
shadow economy can be dealt with remains
relatively vague (Holt et al.,, 2010; Mayayise
& Olusegun Osunmakinde, 2014). For the
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reasons explicated above, the development
of the methodology that would incorporate the
indicators of digital shadow economy could
enable to estimate more accurate scopes
of the overall shadow economy, and could
supplement currently available methodologies
of traditional shadow economy estimation.
In accordance with provision (11) of the
Regulation No. 549/2013 of the European
Parliament and of the Council of 21 May 2013
(EU Commission, 2013), “the possible use of
new, automated and real-time data collection
methods should be explored” (p. 2). As a result,
the following scientific problem is formulated:
how to estimate the scope of digital shadow
economy?

This article is aimed to develop the
methodology of digital shadow economy
estimation. For the fulfilment of the defined aim,
the following objectives have been raised:
1) to ascertain whether the indicators of digital
shadow economy are included in non-observed
economy estimates in national accounts
and traditional methodologies; 2) to propose
the indicators of digital shadow economy;
3) to develop and introduce the methodology
of digital shadow economy estimation. The
methods of the research include systematic
and comparative analysis of the scientific
literature and adjustment of the MIMIC model.

1. Are the Indicators of Digital

Shadow Economy Included

in Non-Observed Economy

Estimates in National Accounts

and Traditional Methodologies?

In order to develop a method, which can be
employed for estimation of the scopes of
digital shadow economy, at first it is purposeful
to find out whether any indicators of digital
shadow economy are included in non-observed
economy estimates in national accounts and
traditional methodologies, which are most
commonly employed to measure the magnitude
of traditional shadow economy.

With reference to the report of the United
Nations Economic Commission for Europe
(UNECE, 2003), non-observed economy
refers to all productive activities that may
not be captured in the basic data sources
used for national accounts compilation. The
above-mentioned activities are treated as
production irrespective of being illegal or not,
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i.e. irrespective being registered at tax, social
security, statistical and other public authorities.
lllegal economic actions shall be considered as
transactions when all units involved enter the
actions by mutual agreement. Thus, purchases,
sales or barters of illegal drugs or stolen
property are transactions, while theft is not.

The EU Member-States are free for making
a choice of methods to ensure exhaustiveness
of their national accounts. What is more, the EU
legislation does not require to measure the size
of non-observed economy, but requires to
ensure the exhaustiveness of estimated GDP
and GNI. For this reason, the size of non-official
economy is included in the estimations of GDP.

With reference to the data of Eurostat
(Eurostat Database, 2016), the participants of
non-observed economy can be categorized as
the ones acting in different sectors of economy:
= |nformal sector (T6 — unregistered units);
= |llegal sector (T7 — unregistered units);
= Other sectors (T8 — other types of units

under coverage).

With reference to Schneider and Buehn
(2013), Schneider and Williams (2015) and
Schneider et al. (2013), the activities of informal
sector cover trade, transport, agriculture,
construction, repair and renovation of dwellings,
repair of motor vehicles and household
appliances, private lessons and other personal
services. According to Juskiené (2015), the
sources used to obtain the data about the
scopes of activities in informal sector include
HBS, LFS, special purpose surveys, opinion
polls, tax and other administrative data.

The activities of illegal sector are consi-
dered to be particularly difficult to measure
due to difficulties to detect them. These
activities include thefts, organised crime,
paid protection, prohibited manufacturing and
sale of products and/or services, smuggling,
dummy transactions, bribery, smuggling, etc.
(Schneider et al., 2015).

The main sources employed to obtain the
data about the scopes of the activities of this
type include police reports, reports of custom
authorities, reports of tax inspectorates, crime
statistics, public opinion polls and other data
(e.g. internet, radio, TV, newspapers), experts’
estimates and assumptions (Juskiené, 2015).
With reference to OECD (2002) and Juskiené
(2015), estimations are made not only for
non-declared productive activities, but also for
illegal activities, for instance, illegal production,
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import, sales, consumption of illegal drugs,
prostitution, trade in illegally produced audio
and video products, theft, smuggling, etc. Due
to the difficulties of measurement, in many
cases, the approximate estimates of illegal
activities can be regarded only as indicative
rather than accurate (Juskiené, 2015; OECD
Statistics, 2002; UNECE, 2003). With reference
OECD (2002), only five EU Member-States
include the estimates of illegal economy in
their published estimates of GDP: Bulgaria
— the estimates of drug consumption, Czech
Republic — the estimates of prostitution and
sales of stolen goods, Estonia — the estimates
of prostitution, trade in drugs and audio-video
products, Slovakia — the estimates of trafficking,
distribution of drugs and prostitution, and the
UK — the estimations of smuggled alcohol
drinks and tobacco products.
Nevertheless, the general share of these
estimates cover the data which is not included
in the official statistics not only because
activities are illegal, but also for many other
reasons, e.g. no obligation to provide the data
is established or reliable data is not available.
With reference to the recommendations of the
EU statistical system in Eurostat (2016), the
following types of non-exhaustiveness of the
official statistics (i.e. non-exhaustiveness of
national accounts) are distinguished:
= N1 — Producer should have registered
(underground producer),
N2 — lllegal producer,
N3 — Producer is not obliged to register,
N4 — Registered legal person is not included
in statistics,
= N5 — Registered entrepreneurs
included in statistics,

= N6 - Misreporting by the
producers,

= N7 — Other statistical deficiencies in the
data.

As it was noted by Juskiené (2015), not all
above-mentioned types of non-exhaustiveness
of national accounts refer to hidden activities
of producers; they may also be caused by
inaccuracies of the reported data, lack of
obligation for particular economic agents to
register their activities, and so forth. However,
lack of the data from digital sector is notincluded
in the list of the types of non-exhaustiveness
of the official statistics, neither any indicators
of digital shadow economy (whether the ones
reflecting non-registered production or illegal

is not

registered

economic actions online) are included in the
estimates of non-observed economy while
presenting the figures of GDP in national
accounts.

Further in the research, we will analyse
whether any indicators of digital shadow
economy are included in the traditional methods
of shadow economy estimation. According to
Williams (2006), minding the fact that shadow
activities by their nature are hidden from public
authorities, estimation of their actual scopes is
a potentially perplexing and difficult task. Thus
far, the methods used to measure the scopes
of traditional shadow economy have ranged
from direct surveys to indirect methods that are
based either on statistical traces or employment
of proxy indicators (Juskiene, 2015; OECD
Statistics, 2002; Schneider & Buehn, 2013;
Williams, 2009; Williams & Nadin, 2012;
Zelazny, 2015, etc.). The variables employed in
different types of direct, indirect methods and
latent variable models have been summarised
in Tab. 1.

Direct approaches are based on qualitative
data, which are collected by employing sample
surveys (e.g. consumers’ surveys, business
surveys, special purpose surveys, micro-
surveys of informal sector), interviews and
in-depth interviews (e.g. interviews with tax
auditors, representatives of the authorized
public authorities, experts from free market
institutes, etc.), expert evaluations, in-depth
audits, and compliance methods (Augustinaitis
etal., 2009; Juskiené, 2015; Schneider & Buehn,
2013; Schneider et al., 2015; Williams, 2009;
Miciuta, 2015). Sample surveys, different types
of interviews, micro-surveys and compliance
methods are considered as microeconomic
methods since they are aimed at investigation
of agents’ behaviour, changes in business
resources, market structures, and differences
between the volumes of consumption and
income distribution (Schneider & Buehn,
2013; Williams & Nadin, 2012; Williams et al.,
2007). The key advantages of direct approach
methods in terms of their applicability for
estimation of the scopes of shadow economy
are their ability to disclose the detailed
information about the plausible structure of
shadow economy (Schneider et al., 2015)
and involve different agents (e.g. consumers,
entrepreneurs, representatives of public
authorities, tax auditors, independent experts
of economics, etc.). The information in Tab. 1
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Summary of the variables employed in different methods of shadow economy
estimation — Part 1

Method
(category)

Variables

Scientific sources

Sample survey
(direct)

Characteristics of shadow economy participants,
shadow economy determinants, types of goods
and services the most commonly traded in shadow
economy

Williams et al., 2009;

Williams and Nadin, 2012;
Williams and Nadin, 2013;
Gasparéniené et al., 2017

Interview (direct)

Characteristics of shadow economy participants,
shadow economy determinants, shadow economy
channels

Fethi et al., 2006;
Williams and Nadin, 2012;
Putni§ and Sauka, 2014

Expert evaluation
(direct)

Prognosticated total size of shadow economy as

a percentage of GDP, prognosticated size of shadow
economy in particular sectors or sector groups,
sectors with the largest scopes of shadow economy,
characteristics of shadow economy participants, types
of goods and services the most commonly traded in
shadow economy

Augustinaitis et al., 2009;
Williams and Nadin, 2012

Micro-survey
(direct)

Business income, expenditure, tax rate, the share of
taxes in the total expenditure, electricity consumption
quantities

Georgiou, 2007

In-depth audit

Overall tax rate, the share of taxes in the total

Schneider and Buehn,

(direct) business and household expenditure, tax return, 2013; AT Kearney, 2013;
national account exhaustiveness Schneider et al., 2015;

Juskiene, 2015

GDP National income and national expenditure Williams et al., 2007;

discrepancies Georgiou, 2007; Sookram

(indirect) et al., 2009; Hatipoglu
and Ozbek, 2011;
Schneider et al., 2015

Transaction Velocity of money, the value of total transactions, Williams, 2009; Schneider

method (indirect)

prices, official GNP

and Buehn, 2013; Putni§
and Sauka, 2014

Currency ratio
method (indirect)

Currency demand, proportion of wages and salaries in
national income, income per capita, interest rate (paid
on savings deposit), ratio of cash holdings to deposit
accounts, average tax rate, the number of the issued
credit and debit cards as a substitute for cash

Georgiou, 2007; Fethi et
al., 2006; Williams and
Nadin, 2012; Schneider
and Buehn, 2013

Electricity
consumption
method (indirect)

Electricity consumption, GDP; electricity consumption
in households per capita, real consumption of
households without electricity consumption per capita,
real price of consumption of 1kWh of residential
electricity, relative frequency of months with the

need of heating, the ratio of energy sources other
than electric energy, the ration of the sum of paid
personal income, corporate profit and taxes on
goods and services to GDP, the ratio of public social
welfare expenditures to GDP, the sum on number of
dependants over 14 years and of inactive earners

Kaufmann and Kaliberda,
1996; Lacko, 1998;
Schneider and Buehn,
2013; Schneider and
Buehn, 2016
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Summary of the variables employed in different methods of shadow economy
Tab. 1: P
estimation — Part 2

Employment Total labour force rate, labour participation rate Sookram et al., 2009;
(labour) Schneider and Buehn,
discrepancies 2013; Schneider et al.,
(indirect) 2015

National Gross output, value added, illegal transactions AT Kearney, 2013;
accounting with tobacco, alcohol, drugs and sexual services, Juskieng, 2015
aggregates production, imports, intermediate and final

(indirect) consumption, exports

MIMIC (latent Share of direct taxation, share of indirect taxation Schneider and Buehn,

variable model)

and social security contribution, state regulation,
tax morale, unemployment quota, GDP per capita,
employment quota, average working time per week,

2013; Trebicka, 2014;
Schneider et al., 2015;
Schneider and Buehn,

change of local currency per capita

2016

DGE (latent
variable model)

productivity, tax rate

Household utility, consumption and leisure, household
capital units, returns to scale production, total factor

Elgin and Oztunali, 2012;
Elgin and Schneider,
2013

shows that the methods of direct approach
basically consider household (characteristics
of shadow economy participants, shadow
economy determinants, types of goods and
services the most commonly traded in shadow
economy, shadow economy channels),
business (business income, expenditure, tax
rate, the share of taxes in the total expenditure,
tax return, electricity consumption quantities)
and general economic (prognosticated total
size of shadow economy as a percentage of
GDP, prognosticated size of shadow economy
in particular sectors or sector groups, sectors
with the largest scopes of shadow economy)
indicators. In spite of a wide range of the
indicators, direct approach methods earn much
scientific criticism for flaws and unreliability
of the data (e.g. representatives of hidden
population groups may be afraid or unwilling to
disclose the truth (Schneider & Buehn, 2013)
as well as for sensitivity of the final results to
formulation of the questions (Schneider et
al., 2015), and applicability only for small-
scale studies rather than for acquisition of
the general results in an industry, a state or
a region (Herwartz et al., 2015). What is more,
as it was noted by Williams et al. (2006), final
demand usually accounts for just two-thirds
of total spending. Hence, employment of
direct approach methods may determine data
inaccuracies, in particular for estimations of the
scope of shadow economy, which are expressed

Source: own

in numbers since these numbers reflect just
subjective opinion of the respondents, but are
not based on any objective criteria. Inclusion of
any digital shadow economy indicators has not
been observed.

In the absence of direct survey methods
and with a view to avoiding data inaccuracies
or dependency on subjective opinions,
economists rely on indirect approach methods,
which, contrary to the above-described direct
approach methods, are macroeconomic
methods since they are based on comparison of
different general economic and non-economic
indicators, such as GDP, unemployment rate,
the number of small and medium enterprises
in an industry, household budget data, etc.
(Schneider & Buehn, 2013; Schneider et al.,
2015; Simionescu et al., 2017; Sookram et
al., 2009; Williams et al., 2007, Klju¢énikov et
al., 2016). Indirect approach methods lean
on quantitative data, and the most common
indirect methods, which are most commonly
employed for estimations of the magnitude
of shadow economy, cover income and
expenditure methods (e.g. GDP discrepancies,
income/expenditure discrepancies, consumer
expenditure, input-output comparisons
(including ratios of input to output in an industry),
the commodity flow, per capita output and value
added data, etc.) (Schneider & Buehn, 2013;
Schneider et al., 2015; Sookram et al., 2009;
Williams et al., 2007 etc.) and non-monetary
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methods (labour input method, (un)employment
rate discrepancies, population censuses,
ranking, electricity consumption method,
detection-controlled estimation, the number of
small and medium enterprises, comparisons of
the data on similar activities from various data
sources, etc.) (Kaufmann & Kaliberda, 1996;
Lacko, 1998; Schneider & Buehn, 2013). The
data in Tab. 1 shows that indirect approach
methods are based on evaluation of general
economic indicators (national income and
national expenditure balance, consumption
rate, value added, imports, exports, prices,
interest rate, proportion of wages and salaries
in national income, income per capita, average
tax rate, corporate profit and taxes on goods
and services to GDP, the ratio of public social
welfare expenditures to GDP, the sum on
number of dependants over 14 years and of
inactive earners, the ratio of the sum of paid
personal income), general monetary indicators
(velocity of money, currency demand), money
turnover indicators (ratio of cash holdings
to deposit accounts, the value of total bank
transactions, the number of the issued credit and
debit cards), electricity and energy consumption
indicators (overall electricity consumption,
electricity consumption in households per
capita, real consumption of households without
electricity consumption per capita, real price of
consumption of 1kWh of residential electricity,
relative frequency of months with the need of
heating, the ratio of energy sources other than
electric energy) and labour market indicators
(total labour force rate, labour participation
rate). With reference to Schneider and Buehn
(2013), the main advantage of the methods of
indirect approach is that their ability to provide
an insight in the indicators, which reflect the
changes in the magnitude of shadow economy
over the time. Nevertheless, indirect methods
are criticized for the provision of crude and
unreliable estimates, a narrow scale of
applicability, data disparities and discrepancies
(Schneider & Buehn, 2013; Schneider et al.,
2015; Williams, 2009; Williams, 2010; Williams
& Nadin, 2012). The indicators of digital shadow
economy are not included in indirect methods
of shadow economy estimation.

Finally, latent variable models consider
the mixture of general economic (GDP per
capita), taxation (share of direct taxation,
share of indirect taxation and social security
contribution), legal (state regulation), societal
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(tax morale), labour market (employment quota,
unemployment quota, average working time per
week) and monetary (change of local currency
per capita) indicators (i.e. MIMIC model)
(Schneider & Buehn, 2013; Schneider et al.,
2015; Trebicka, 2014; Galloppo et al., 2015)
or are based on a two-sector (household and
business) dynamic general equilibrium which
unites such indicators as household utility,
consumption and leisure, household capital
units, business returns to scale production,
total factor productivity, and tax rate (Elgin
& Oztunali, 2012; Elgin & Schneider, 2013).
Among many possible advantages of these
models is consideration of a comparatively
wide dataset (Elgin & Schneider, 2013).
However, they are criticised for reliance on
the use of national income statistics (Elgin &
Schneider, 2013), inability to distinguish the
causes of non-observed economy (Schneider
et al.,, 2015), and high probability of double
counting (Juskiené, 2015). The indicators of
digital shadow economy are not included in
latent variable models of shadow economy
estimation.

Summarising, although the size of non-
official economy is included in the estimations
of GDP, and scientific literature offers a variety
of the methodologies developed to estimate
the size of traditional shadow economy, no
indicators of digital shadow economy (whether
the ones reflecting non-registered production
or illegal economic actions online) are included
in the estimates of non-observed economy
while presenting the figures of GDP in national
accounts. Similarly, no determinants of digital
shadow economy are incorporated in traditional
methods of shadow economy estimation either
in international or national methodologies.
Hence, the methods of traditional shadow
economy estimation do not reflect the share of
digital shadow economy in the overall size of
shadow economy. For this reason, in order to
complement the theory of shadow economy, it
is purposeful to identify the plausible indicators
of digital shadow economy.

2. Proposed Indicators of Digital

Shadow Economy
Scientific literature lacks the studies on the topic
of digital shadow economy. Gasparéniené and
Remeikiené (2015) identified the differences
between traditional and digital shadow
economies. The authors established that strive
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for profit and resources is characteristic to both
traditional and digital shadow economy. The
profits (revenues) earned in both economies
are invested in merchandise, technics and other
means that ensure business continuity. Another
similarity is that in both traditional and digital
shadow payments are and can be performed
not only in cash.

The results of the expert evaluation on
plausible indicators of digital shadow economy
in Lithuania (the results of the evaluation have
not still been published) revealed that an
approximate size of digital shadow economy
can be reflected by employing such indicators
as volumes of payments in cryptocurrencies
(e.g. Bitcoins), non-cash transfers via online
payment platforms, and monetary value of the
parcels for which no custom duties are paid.

By their scopes in the finance market,
Bitcoins can be treated as the most widely
spread cryptocurrency. With reference to the
definition, proposed by the European Central
Bank (Vanini, 2012), Bitcoin is an unregulated
digital currency. To a certain extent, it resembles
electronic money, in particular, software money,
which in contrast to hardware money, can
be used on the Internet. As the other kinds
of cryptocurrencies, Bitcoins employ crypto
techniques, and the software of the open code
allows to control and change Bitcoin codes.
Bitcoin network is composed of numerous
computers linked by the Internet. This network
allows to perform the number of sophisticated
mathematical procedures that influence the
demand for Bitcoins in the market and promote
the certainty of transfers (Ciaian et al., 2016).
With reference to Galdikiené (Duygun Fethi et
al., 2006), Bitcoins are gaining their popularity
in the countries with high inflation or strict
restrictions of capital movement. Following the
data of the European Central Bank (Vanini,
2012) and the results of the research, carried
out by Eyal and Sirer (2014), Siddik et al. (2016)
usage of cryptocurrencies in international
settlements is linked to particular risks, such
as loss of money in cryptocurrency exchange,
steals of money from the digital wallet, lack
of protection while using a cryptocurrency
as a payment method, fluctuations of value
which may significantly drop and even reach
zero, obligations to comply with particular tax
regulations, etc. The findings of the European
Bank were confirmed by Simser (2015), who
notes that the usage Bitcoins is linked to higher

risks of steals and losses. Nevertheless, the
author disproves anonymity as one of the
features attributable to Bitcoins.

Stitilis and Laurinaitis (2008) note that
electronic settlements are the phenomenon
of e-banking in 21st century. In general
innovations had the impact on banking sector
(Stachova et al., 2017; Cicekli, 2016). Rapid
development of IT alongside the strive of
commercial banks to bring a bank closer to
a customer have determined the spread of
electronic settlements (Slozko & Pelo, 2014;
Musa, 2010). A comprehensive research
conducted by Zandi et al. (2013) disclosed
that usage of e-payments determines nearly
0.8 percent of GDP increase in developing
countries, and 0.3 percent of GDP increase in
developed countries. With reference to Stitilis
and Laurinaitis (2008) and Zandi et al. (2013),
financial operations in virtual space should
be considered as an important determinant
of economic growth. Non-cash payments are
beneficial since they provide a faster access
to financial resources and reduce the scopes
of shadow economy. Nevertheless, some
researchers note that non-cash payments via
online platforms not only fail to reduce the
scopes of shadow economy, but also make
preconditions for digital shadow economy
(Lithuanian Free Market Institute (LFMI,
2013). Such assumptions are made minding
appearance of some alternative measures of
settlement (for instance, “Revolut” payment
cards) in financial markets.

3. Estimation of the Multitude of
Digital Shadow Economy

In spite of some criticism (Elgin & Schneider,
2013; Juskiené, 2015; Schneider et al., 2015),
MIMIC latent variable model is considered
the most comprehensive methodology of
shadow economy estimation. Hence, we can
adjust it to estimation of the multitude of digital
shadow economy. Digital shadow economy is
considered as a latent variable, which, on one
side, is related to the set of observed indicators
(this way, the changes in the multitude of digital
shadow economy are revealed), and on the
other side — to the set of causal variables, which
have a considerable impact on the multitude of
the researched phenomenon. When a sufficient
quantity of indicative and causal data is
available, the model is developed by employing
pretty standard procedures of econometrics.
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Digital shadow economy (n) is a scalar
variable, which is linearly described by a set
of directly observed variables X Xy sy Xq and
scalar random noise ().

H=YX, +YX, 4 YX +( ™

Latent (hidden) variable (1}), in turn, directly
describes endogenous variables Y, CY,, ..., Yp,
which are dependent on the levels of scalar
noise €., €,,...,€ :

b Egpry;

yl = j'1’7’ + 81

v, =4 te, ()
()

yp = /11777 + 8.0

Structural noise () and estimation errors
¢ have a normal distribution and are linearly
independent. Then, the following marking is
introduced:

XT= (X, X, ..o, X,) — observed exogenous
variables (causes);

YT=(Y, Y, ..., Y,) — structural parameters
(structural model);

Y=Y, Yo ooes y,) — observed endogenous

variables (indicators);

Economics

)\T=()\1, A, o )\q) — structural parameters

(estimation model);

e = (€, €y --n aq) — estimation errors;

Vi=(v,, V, .., V) — standard deviation of
estimation errors.

Formulas (1) and (2) can be rewritten as:
n,=Y"x + 3)
and
yt = l”’l + 8[ (4)
It is presumed that E(Ce™) = 0, E(¢?) = o2,
and E(ee™) = @2

©_ refers to a diagonal matrix with v, which

pXp

is located in its diagonal.
The model can be converged into a reduced
form, i.e. a function of observed variables:

y=AYx+{ +te=Tx+v (5)
Here M =AYT,and v = Al + €.

This way, the matrix of model covariation is
developed:

Z= (Y'Y + y))/OYI + OY'D/D (6)

m General structure of the MIMIC model

Causes Indicators
&t
Yit-€1t
Xt M
A2 Yot-€2t
Xat Digital shadow
economy It
Fi .. AN
........ Yq
Y pt-€pt
th
Source: own
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Latent (hidden) variable (r) is invisible,
and its value remains unknown. The other
parameters of the model have to be evaluated
by analysing the links between the observed
variables in the dispersion and covariation. The
main aim is to find the values of parameters Y
and A, and the estimate 2.

Interaction between causal variables X,
multitude of shadow economy (i.e. latent
variable 1j), and indicative variables Y over
a particular period has been depicted in Fig. 1.

In this research, the structural model is
related to latent variable A (the index of shadow
economy) and its causal determinants X,
(X, — access to the Internet and a computer
in households; X, — non-cash payments; X, —
introduction of innovative market instruments
(e.g. “Revolut” card)). Considering a random
variable ¢, it can be expressed as:

N=YX, + LYY X+ ™

On the other hand, the estimation model
links latent variable r} with its indicators (Y, —
non-cash money transfers via online platforms;
Y, — frequency and amounts of payments in

cryptographic currencies; Y, — parcels for which
no taxes (or custom duties) are paid (i.e. non-
cash settlements are made)) by considering
random errors ¢:

Y, =Aite,
yz = }“277' + 82 (8)
Yy =Agit e

By incorporating the above-described
variables, we can develop an exemplary MIMIC
3-1-3 model (see Fig. 2).

Numbers 3-1-3 mark that 3 causal variables,
and 3 indicators are included in the model.

Household access to the Internet and
IT, non-cash payments, and introduction of
financial innovation are considered as the
basic causes of digital shadow economy.
With reference to the statistical data, over the
first quarter of 2016, 72 percent of Lithuanian
people had their personal computers at home;
73 percent of Lithuanian people had access to
theInternet. Incomparisonto 2015, thesefigures
grew by 4 and 5 percent respectively, which
shows that an increasing number of Lithuanian
population rely on online settlements while

General structure of MIMIC 3-1-3 for estimation of the size of digital shadow
economy

Causes Xt (X1, X2,X3)

Household
X1| access to the
Internet and
IT

X Non-cash
2
payments

Introduction of
Xa| innovative
financial
instruments

Digital
shadow
economy ()

Indicators Yt (Y1, Y2, Y3)

&t

Non-cash
payments via
online platforms

Frequency of
payments in
cryptocurrencies

Parcels for which
no custom duties
are paid

Source: own
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paying for various goods/services (Lithuanian
Department of Statistics, 2016). Non-cash
payments (credit transfers, direct online debits,
payments in debit cards, e-money, e-transfers,
etc.) are promoted by central banks with the
aim to reduce the size of shadow economy.
Nevertheless, the economic estimations reveal
the opposite trends: according to LFMI (2013),
“the statistics show that a positive correlation
between shadow economy as a part of GDP,
and the size of e-settlements per capita can be
observed in the EU member states, although
the correlation is not unambiguous, and some
exceptions, for instance, Estonia, can be
found” (p. 2). Since the impact of non-cash
payments as of a measure of shadow economy
reduction has not been proved, they can be
attributed to the causes of digital shadow
economy. Finally, digital shadow economy can
be considered to be caused by introduction
of innovative financial instruments. Financial
markets have started to accept payment cards
(e.g. “Revolut”), which allow to cash money for
free both in Lithuania and abroad; the cards
are issued without cost, and they assure
a comparatively high level of safety. However,
the factor of convenience often makes online
settlement platforms a favourable environment
for transfers of “dirty money”. For instance,
“Revolut” consumers have to confirm their
identities only in case contributions to the
account exceed 1,000 euro. Therefore, it is
a perfect opportunity to make transactions
related to non-taxable income.

The main indicators that could explain
the size of digital shadow economy include
non-cash payments via online platforms (e.g.
Payza, Paysera, PayPal, etc.), frequency of
payments in cryptocurrencies, and monetary
value of the parcels for which no custom duties
are paid. With reference to non-official statistics
(LITAWeb, 2013) from June to December 2015,
10.46 percent of Lithuanian consumers chose
payments by Paypal; the share of contributions
collected by Paypal amounted to 11.53 percent.
From January to October 2016, payments by
Paypal were chosen by nearly 12.2 percent
of Lithuanian consumers, and the share of
contributions collected by Paypal exceeded
15.62 percent. Hence, the statistical data above
reveal the trends of the rapid spread of online
payment platforms.

Another indicator of digital shadow economy
is frequency of payments in cryptocurrencies.

Economics

A cryptocurrency is a unit of online settlements.
It does not have any physical shape; it is
maintained electronically and generated
by consumers themselves. There are no
particular people or institutions that are
engaged in issuance of cryptocurrencies.
Bitcoins are considered to be the most popular
cryptocurrency all over the world. Since
introduction of Bitcoin in 2009, the price of
this cryptocurrency remained comparatively
stable until January 2013, when it reached
its maximum value of approximately 20 U.S.
dollars. Afterwards, a monthly price growth
could be observed until October 2013, when
the price reached 198 U.S. dollars. This nearly
tenfold increase in Bitcoin value proved to be
insignificant in comparison to the price rally in
November 2013, when the threshold of 1,100
U.S. dollars per coin was broken. Since then,
the Bitcoin price remains in a downtrend, and
Bitcoin was valued at 430.05 U.S. dollars as of
December 2015. As of February 2015, there
were 329 Bitcoin ATMs worldwide. The countries
with the highest number of Bitcoin ATMs covered
United States (111), Canada (61), Australia (20)
and United Kingdom (19) (Statista Database,
2016). In Lithuania, payments in Bitcoins are
also getting increasingly popular. Unfortunately,
the statistical data on the value of payments in
this cryptocurrency are hardly available.

The third indicator of digital shadow
economy is monetary value of the parcels for
which no custom duties are paid. For instance, if
a person orders a good from a third country and
pays for it in Bitcoins, he or she gets this good
via customs. If no custom duties are paid for
delivery (import) of this good, then the monetary
value of such parcels can be considered as an
indicator of digital shadow economy.

Conclusions

Summarising, the following conclusions can be

made:

1. The analysis of the scientific literature has
revealed that traditional methods of shadow
economy estimation do not include the
indicators that would allow to measure the size
of digital shadow economy. This inaccuracy
distorts the official figures of the magnitude of
shadow economy since a substantial share of
shadow activities are transferred to electronic
spaces in the form of electronic money.

2. The analysis of most commonly employed
shadow economy estimation methods has
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disclosed that in spite of some criticism,
the MIMIC model can be considered the
most comprehensive method of shadow
economy estimation since it covers both
causals and indicators of the researched
phenomenon.

3. Causal variables, which can explain the
spread of digital shadow economy, include
household access to the Internet and
IT, non-cash payments, and introduction
of innovative financial instruments. The
indicators of digital shadow economy cover
non-cash payments via online platforms,
frequency of payments in cryptocurrencies,
and monetary value of the parcels for which
no custom duties are paid.

4. In order to empirically verify applicability
of the new model, which is proposed for
estimation of the size of digital shadow
economy, the numerical values of the above-
mentioned causal variables and indicators
are necessary. Unfortunately, official
statistical databases do not contain all types
of the data. In some cases (e.g. concerning
frequency of payments in cryptocurrencies),
the data are not accumulated at all. Hence,
for further research in this area, the authors
are going to focus on accumulation of the
necessary statistics, which would allow
to verify practical applicability of the new
model and specify the size of the overall
shadow economy in particular countries.

This work was supported by the Research
Council of Lithuania (grant number MIP-15642).
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THE METHODOLOGY OF DIGITAL SHADOW ECONOMY ESTIMATION

Ligita Gasparéniene, Yuriy Bilan, Rita Remeikiené, Romualdas GinevicCius,
Martin Cepel

The article introduces a new methodology of digital shadow economy estimation, which is based on
the principles of the MIMIC method. This new methodology complements traditional methodologies
of shadow economy estimation with such a component as digital shadow economy.

Our analysis of the most popular today methods of shadow economic estimation proves that,
despite some of its drawbacks, the MIMIC model can be treated as the most comprehensive and
appropriate method for such calculations since it takes into account both causal and indicators of
shadow economy.

As the causal variables here, as applied to digital shadow economy, we use household access
to the Internet and IT overall, the volume of non-cash payments and the use of most advanced
financial instruments. While as the indicators of the digital shadow economy spread we use: the
volume of non-cash payments at online platforms, the frequency of cryptocurrency payments, and
the cost of parcels to which customs duties have not been applied.

For further empirical verification of the model proposed here, numerical values of both causal
variables and indicators would be necessary. Unfortunately, official statistical sources are unable to
provide such data in full volume, especially when it comes to cryptocurrencies and other informal
payments. Thus, in our further research we plan to not only prove the practical applicability of the
offered here model for estimations of digital shadow economy size as well as overall size of shadow
economy on the examples of particular countries, but also to accumulate the necessary statistics
for such calculations.

Key Words: Shadow economy, digital shadow economy, indicators of shadow economy, causal
variables, MIMIC model.
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